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Important notice

PURPOSE
AEMO publishes this Stage 1 report from its Renewable Integration Study to outline:

1 System security limits that affect how much wind and solar PV generation can operate at any one time, and
what the limits are NEMwide and for individual regions.

1 How close NEM regions are to these security limits now, and how close they are expected to bg 2025.

9 Actions that can overcome these barriers so the system can operate securely with highgenetrations of
wind and solar generation.

I't is published as part sedtionAFNOBeNationalElpctrictglavb i | i t i es unc

DISCLAIMER

This document or the information in it may be subsequently updated or amended. This document does not

constitute legal or business advice, and should not be relied on as a substitute for obtaining detailed advice
about the National Electricity Law, the Mtional Electricity Rules, or any other applicable laws, procedures or
policies. AEMO has made every reasonable effort to ensure the quality of the information in this document

but cannot guarantee its accuracy or completeness.

This publication does not hclude all of the information that an investor, participant or potential participant in
the National Electricity Market might require, and does not amount to a recommendation of any investment.
Anyone proposing to use the information in this publication (vhich includes information and forecasts from
third parties) should independently verify its accuracy, completeness and suitability for purpose, and obtain
independent and specific advice from appropriate experts.

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

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

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

ACKNOWLEDGEMENTS® EXTERNAL ADVISORYANEL

AEMO corvened a panel of industry stakeholders to provide expert feedback on this report prior to
publication, and their contributions were valuable in shaping an earlier draft of this report. AEMO
acknowledges their inputs and thanks them for their insights andpert review, noting that their inclusion
here does not represent endorsement of this report:

1 Simon Bolt BEng([ElecEngUSYD)
1 Andrew Halley BEnqUTAS) MIEEE
1 David Havyatt GradDipECUNE) BSEUSYD) MAMQ), MAICD



1 Martin Hemphill BEng(ElecEngYUNSW)

1 Peter Kilby BEUQ) BSqUQ) MIEAust

1 Andrew Lim BEng(Elec&ElectEngjAU) MIEAust CPEng NER

1 Mark McGranaghan BSEEUTO) MSEEUTO) MBA (UPIT)
TProfessor Mar KUCOPRHUCD)E-NEE, BIEIA, INAE

1 Glenn Platt BEngElecEngYUON) GMP(HU) MBA(UON) PhD(UON).

9 Cameron Potter BEng (ElecJUTAS) PhYUTAS)

1 Elisia Reed BEn¢ElectricMechtron)(AU) BAppSdBiodivEnvPkMgmtYAU).

VERSION CONTROL

Version Release date Changes

1 30/4/2020 Initial release

© 2020 Australian Energy Market Operator Limited. The material in this publication may be used in

accordance withthec opy ri ght per mi ssi ons on AEMOG6s website


http://aemo.com.au/Privacy_and_Legal_Notices/Copyright_Permissions_Notice

Executive summary

The Renewable Integration Study (RIS) is the first stage of a mujtear plan to maintain system security in a
future National Electricity Market (NEM) with a high share of rengable resourcesAEMO3 indings and the
actionsin this report reflect both its day-to-day experience operatingthe NEM power system and the results
of extensiveRISmodelling and analysis.

In its Integrated System PlaiflSP) AEMOidentifies futures for the NEM that maximiseconsumer benefits at
the lowest systemcost, while meeting reliability, securityand emissions expectationsUnder every ISP
scenarigt h e NI&btdost future features large increases in renewable generatio® utility wind and solar
connected to the grid and distributed solar photovoltaics (DPV)installed by households and businesse8 with
dispatchable generators, largescale and distributed energy storagedemand side participation, and sector
coupling (such aswith gas and transpord.

This Stage 1 RIS report takes the | SPO6s projtecti ons as
short term, to 2025, of maintaining power system security while operating this resource mix at very high

instantaneous penetrations of wind and solar generation It recommends actionsand reforms neededto

keep operating the NEM securely now and as the power systemtransitions. AEMO looks forward to

engaging with stakeholders to refine and progress theecommended actions, including assessinghe

potential roles of both existing and emergingtechnologies.

With this report, AEMO aimsto provide foundational engineering perspectivesfor the ISP,Energy Security
Board (ESB)industry, market institutions, and policymakers T h e  RethBicalgperspectives will ideally
inform future investments, regulations, and market design securelyoperate the NEM power systemwith
very high instantaneouspenetrations of wind and solar generation

In summary, this Stage 1 RIS analysis finds that, in the next five years:

1 TheNEM power system will continue its significant transformation to worldeading levels of
renewable generation. This will test the boundaries of system security and current operational
experience.

i If the recommended actionsare taken to address the regiond and NEM-wide challenges identified,
the NEM could be operated securely with up to 75% instantaneous penetration of wind and solar

1 If, however, the recommended actionsare not taken, the identified operational limits will constrain
the maximum instantaneous penetration of wind and solar to between 50% and 60% in the NEM.

Beyond 2025, AEMO has not identified any insurmountable reasons why the NEM cannot operate
securely at even higher levels oinstantaneouswind and solar penetration, especially with agoing
technological advancement worldwide.

Given the pace and complexity of change in the NEM, the RIS highlights the need for flexible market
and regulatory frameworks that can adapt swiftly and effectively as the power system evolves.

Instantaneous penetration of wind and solar is the hathourly proportion of underlying demand that is met by wind and solar resources.

2 In recommending actions and highlighting positive potential outcomes, AEMO does not underestimate the extent of worthat will be required to
successfully adapt the NEM. This includes the ongoing need for system limits that at times constrain the output of variousngeation sources. This study
also identified a number of uncharted operating conditions emerging in the NE1 by 2025. AEMO will continue investigation and analysis to identify and
address additional limits and barriers that emerge
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While this report builds on international approachesto operating power systens with high penetrations of
wind and solar generation it recognisesAu st r a | i ehdllengesand idpntifes opportunities for
Australiato continue developing world-leading expertise.The goalis to identify opportunities to break down
barriers andmaximise value for consumersfromt h e  NdeoMi@gsrenewablefleet.

The instantaneous penetration of wind and solarenergy that can operate on the system at any time varies
depending on system conditions. The maidimits to instantaneouspenetration of wind and solar are network
congestion, system curtailment and participant spill*.

This report and itsappendices exploresystem curtailmentlimits that impact wind and solarinstantaneous
penetration in the NEM power system, specifically

1 Limits that affect how much wind and solar PV generation can operate at any one timeand what the
limits are NEMwide and for individual regions

1 How close NEMregions are to these limits now, and how close they are expected to be by2025.

9 Actions that can overcome these barriersso the system can operate securely witligher penetrations of
wind and solar generation

Limits related to network congestion and participant spill, and other important areas, are outf scope for the
RIS, because they are being studied or managed elsewhere and/or do not relate to a system curtailment limit
on renewables. Subjects out of scopdor this study include:

1 Assessingadequacy of firm supplies of energyand storage to meet demand. This is being considered in
A E MO b sElettrigiy Statement of Opportunitie€ESOO), Energy Adequacy Assessment Projection
(EAAP), Medium Term Projected Agssment of System Adequacy (MT PASA) processes, and the Retailer
Reliability Obligation (RRO).

1 Assessing system limitations at the local, subegional level, including generator connection issues. This is
being addressed in ot hwarknamagingehallersges inghe Weést Musay &daMO 0 s

1 Changing requirements for voltage control. These are beingonsidered as part of the ISP and other
ongoing AEMO and network service provider (NSP) network planning activities.

i1 Ensuring the power system canmestart following a black system event. This is beingonsidered as part of
AEMOds system restart wor k.

Stage 1 of the RIS was established to be a technical analysis of system security limits NENe and for NEM
regions. While it identifies recommendeda t i ons t hat woul d meet the systemds
investigate the costs of proposed actions or all the specific mechanisms that could be implemented. These
guestions will be explored further as part of future work and other workstreamssuca s t he | SP and t h
and Australian Energy Market Commi ssionds (AEMCO6s) mar

This study has not considered the impact the COVI19 coronavirus may have on supply or demand in the
forecast horizon. This situation is rapidly evolvingand the consequences for the NEM are uncertain.

WesternA u s t r Solith Veesdt énterconnected System (SWIS) will experience similar challenges as the NEM

as itspenetration of wind and solar generation increases. While the unique characteristics of the 38/will see

challenges evolve in different ways, common approaches may be taken to resolving the issues. The RIS
findings will support AEMO&6s ability to transition thr
electricity reform processes in Wern Australic.

SAEMO&s October 2019 RIS report on how Aust rr al ihtps:/wevmgemaa.censau/ene other internat
systems/Major publications/Renewable Integration- Study-RIS

4 Network congestion is when the network is not capable of securely transporting theutput from one or several wind or solar resources.
System curtailment is when renewables are limited due to a need to maintain minimum levels of essential system services ystem security.
Participant spill is when renewable generation removes igdf from the market (selfcurtails) due to market signals.

5 At https://aemo.com.au/-/media/files/electricity/nem/network_connections/west murray/transforming-australias energy-system-westmurray.pdf?la=
en&hash=ED13D8375B1E37626EEAFC86C59622EE

8 For more information, seehttps://www.wa.gov.au/organisation/energy policy-wa/energy-transformation-strategy.
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The changing NEM, now and in 2025

The NEM power system already has Igigawatts (GW)of wind and solar capacityinstalled’. Parts of the NEM
have among the worl dds highest | evels of wind and sol g
solar P\,

By 2025 the NEMis expected tohave transformed even furtherAEMOds Dr af t 2s02it® | SP f or e
Central scenari@, that by 2025 there will be 27 GW of wind and solard both utility solar and DPV &
generation capacityin the NEM.

Figure 1 shows actual wind and solgrenetration in the NEM for each halfhour period in 2019 (historical data
which includes all lost energy. The 2025 projections indicate the potentiainstantaneouspenetration by 2025
under the | SP3s Cegeneratioh buitds(itieseSdreegsts idchua losy emergy from network
congestion, but do not include systemcurtailment or participant spill).

This figure highlights significant forecast growth in the maximunpotential instantaneouspenetration of wind
and solar, from just under 50% in 2019 to ovei75%in the Central and 100% in the Step Changecenaria This
report explores the extent to which these outcomes might be achievable from a system security perspective,
and the actions needed to enable them.

Figure 1 Instantaneous penetration of w ind and solar generation, actual in 2019 and  forecast for 2025
under ISP Central and Step Change generation build s
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Note: Penetration on this graph representNEM half-hourly wind and solar generation divided by the underlying demandwhich includes
demand response energy storage,and coupled sectors such as gas and the electrification of transpart

Identifying and quantifying existing and emerging limits , and actions to manage them

As the penetration of wind and solar on the system increasesperation of the system becomessignificantly
more complex. The power system is beingoperated closer to its known limits more frequently, with
increasingly variable and uncertain supply and demand, and declines system strength and inertia.

The knowledge tools, and market frameworks of the past are becoming less effective, and operators must
adapt proces®s and tools, and train operatorsto be able to keep the systemof the future secure.

The key system securitychallenge<®that are being, and will need to be, addressedaswind and solar
generation penetration continues to rise across all NEM regionsre summarisedin Table 1 The table also
containsa summary ofrecommended actionsto addressidentified limits.

”The NEM power systerd snderlying demand (total demand met from all sources, including distributed resourcesjanges from 16 to 35 GW.

8 Seehttps://www.aemo.com.au/energy systems/electricity/nationatelectricity-market-nem/system-operations/future-grid/renewable-integration-study.

9 Central and other 2020 ISP scenario assumptions are lattps://aemo.com.au/energy-systems/electricity/nationatelectricity-market-nem/nem-forecasting-
and-planning/scenariosinputs-assunptions-methodologies-and-guidelines.

10For definitions of terms used in this study s e e Rowé SyEtem Requirementsaper, athttps://www.aemo.com.au/energy systems/electricity/
national-electricity-market-nem/system-operations/future-grid.

© AEMO 2020 | Renewable Integration Study: Stage 1 report 6


https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/future-grid/renewable-integration-study
https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/scenarios-inputs-assumptions-methodologies-and-guidelines
https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/scenarios-inputs-assumptions-methodologies-and-guidelines
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/future-grid
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/system-operations/future-grid

The actionsin this report aim to keep the power system secure anaddress known barriers to operatingthe
NEM power system withhigher levels of instantaneouswind and solargeneration to 2025, based on existing
proven technologies. Australiais already pioneeringtesting of new technologies to solvesome of the
challenges posed and AEMOis committed to collaborating and exploring the role of newer technologies in
efficiently and securely managing the power system with higlpenetrations of wind and solar generation.

In this report and the appendices, the challenges are addresseih detail under five focus areas
i Challenges forsecure system operation with increasinguncertainty and complexity Chapter 2).

T Managing the system i flieading and grdwing lévels ofdiEtfibbted salaoRVI d
(Chapter 3 and Appendix A).

1 Managing frequency (Chapter 4 and Appendix B).
1 Maintaining system strength (Chapter 5).

1 Keeping balance in a system in which energy supply is increasingrariable and uncertain (Chapter6 and
Appendix C).

Table 1summarises the challengesind actions (including timing and status) from the end of each of chapters
2-6. Figure 2 summarises the actions on a timeline.
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Table 1 Managing power system requirements

System
operability

An increasing penetration of wind and solar operating in the
system is pushing the system to minimum limits . The existing
dispatch process for the NEM was not designed for marging
minimum conditions (particularly managing the commitment of
synchronous units, to maintain minimum levels of inertia and
system strength) The current reliance on operators to balance
factors and intervene is suboptimal as system variability,
uncertainty, and complexity increase. Without effective and

Ability to operate
the power
system within
security and
reliability
standards

system strength and inetia services, the risk of human error
grows and the level of intervention becomes increasingly
unsustainable.

Further, the market design needs to adapt so all essential
security and reliability services are provided efficientlywhen
required, and without operator intervention. Given the pace and
complexity of change in the NEM, there is a need foflexible
market and regulatory frameworks (particularly technical

adapt swiftly and effectivelyas
1 Understanding of the changing power system evolves

1 Requirements for system services change

1 Technology evolves

The growth in wind and solar is increasing the complexity of
the system. This creates challenges for existing tools and
processes used for system security analysis and assessment.
Tools and processes used to model the systenassess outages,
and measure system performance are becoming increasingly

© AEMO 2020 | Renewable Integration Study: Stage 1 report

standardised operational process, tools, and training to schedule

computationally complex and more costly in time and resources.

0 summary of key challenges and actions

2.1AEMO to identify and evaluatestandard operational process, control room tools, and
operator training to operationalise intervention (directions/instructions) for system
strength and inertia services under the current framework.

2.2 AEMO to redevelop existing scheduling systems (Pre Dispatch [PD] and Short Term
[ST] PASA) to better account for system needs, including:

9 Availability of essential system services, including inertia, system strengémd ramping
requirements.

9 Cateling for crossregional sharing of reserves.

1 Better modelling of new technologies, includingvariable renewable energy VRB,
batteries, and distributed energy resources PERGS including demand response and
virtual power plants VPP$).

2.3 Consistent with the outcomes of this study, the ESB considers that security
constrained economic dispatch of energyonly is, by itself, no longer sufficient to
maintain system security. The ESB considers that new system services neebeo

standards and frameworks for sourcing system services) that car established and remunerated and an ahead market is required to ensure system security

going forward.

As part of its post 2025 market design program, the ESB is assessing market mechanisn
that increase certainty around system dispatch of energy and esntial system services
(inertia, system strength, minimum synchronous units, operating reserves, and flexibility)
as real time approaches. The ESB will recommend a high level design to the COAG Ene
Council by end of 2020 for implementation by 2025

2.4 AEMO to develop a detailed proposal outlining requirements, timing, and method to
achieve specified NEM highspeed monitoring (phasor measurement units) to cover more
points, allowing better visibility of performance of thesystem and help operators to
understand the changing power system.

2.5 AEMO to collaborate with industry and otherworld-leading power system operators
to develop new operational capability, allowing better analysis of complex security
phenomena and optimisation for a power system with world-leading levelsof renewable
generation (inverter-based, variableand decentralised) storage, and demand side
participation.

2020

2020-22

2020-25

2020

2020-25

In progress

In progress

In progress

In progress

In
progress



2020-21  In progress

Integration of The aggregate performance of the DPV fleet is becoming 3.1AEMO to fasttrack requirement for short duration voltage disturbance ridethrough
distributed solar increasingly critical as penetrations increase. Without action,  for all new DPV inverters in South Australiéand Western Australiawith other NEM

PV (DPV) the largest regional and NEM contingency sizes will increase due regions encouraged) and investigate need for updating existing DPV fleet toomply with
Balancing to DPV disconnection in response to major system disturbams.  fast-tracked short duration voltage disturbance ridethrough requirement.

increasing levels

of small, 3.2 AEMO to collaborate with industry, through Standards Australia committee, to
distributed progress update to national standard for DPV inverters (AS/NZS4777.2) to incorporate
generation with bulk system disturbance withstand and autonomous grid support capability.

power system

requirements Governance structures for the setting of DER technical 3.3 AEMO to collaborate with the ESBAustralian EnergyRegulator (AER, AEMG and
performance standards, and enforcement of these standards , industry to:

are inadequate . Currently there is:

2020-22  In progress

2020 New

9 Submit a rule change establishing the setting of minimum technical standarder DER
1 No formal pathway to ensure power system security and other  in the NEM (with similar reforms to be proposed forWestern Austrdi aS\8S covering
industry requirements areaccounted for within technical aspects includingpower system security, cormunication, interoperability, and cyber

standards set by consensus. security requirements.

1 Inconsistent compliance with technical performance standards 9 Develop measures to improve compliance with new and existing technical performance

across the DPV fleet today and a lack of clarity around standards and connection requirements for DPV system#dividual DER devicesand
enforcement. aggregations in the NEM(and SWIS.
System dispatchability is decreasing as invisible and 3.4 AEMO to collaborate with industry to: S e

uncontrolled DPV increases to levels not experienced

elsewhere globally . In 2019, South Australia operated for a

period where 64% oft h e r elgmamdmwassupplied by DPV;

by 2025, all mainland NEM regions could be operating above

50% at times. 1 Establish regulatory arrangements for how distribution NSPs (DNSPs) aadgregators
could implement this as soon as possible.

1 Mandate minimum device level requirements to enable generation shedding
capabilities for new DPV installations in South Australia (other NEM regions and
Western Australia encouraged).

1 Investigate the need for updating the existing DPV fleet to comply with regional
generation shedding requirements
3.5 AEMO to collaborate with DNSPs to establish aggregatedredictability or real-time cop s LY
visibility requirements for DPV systems available for curtailmerdand consistent realtime
SCADA visibility for all new commercial scale (200kilowatt [kW]) systems.

© AEMO 2020 | Renewable Integration Study: Stage 1 report 9



2020-21  In progress

Frequency There has been a decline in the primary frequency response 4.1 AEMO to facilitate implementation of the Mandatory Primary Frequency Response
management (PFR provided by generation in the NEM . This has reduced rule. The requirement for nearuniversal PFR enablement across the generation fleet
Ability to set and thepower sy st e m@wentsata tBne whénevang should be part of any future regulatory framework as an important part of maintaining
maintain system are becoming more complex and less predictable. It has also and strengthening system resilience.

frequency within resulted in a lack of effective control of frequency in the NEM

acceptable under normal operating conditions.

fimis A lack of consistency and certainty of PFR delivery from

generaton has i mpacted AEMOOs abi

plan the system, understand the cause of power system

incidents, and design emergency frequency control schemes.

NEM inertia levels could drop by 35%. Historically, NEM 4.2 AEMO to publish a detailed frequency control workplan covering tasks and 2020 New
mainland inertia has never been below 68,000 megawatt timeframes to:

seconds (MWSs). By 2025, inertia could drop to as low as
45,000 MWs. This will increase the required volume and/or
speed of frequency sensitive reserve following a contingey
event, and the power system will operate in configurations
where the system dynamics are different to those experienced 1 Investigate the introduction of a system inertia safety net for the mainland NEM, under
today. system intact conditions. This minimum level safety net should be progressively revisec
as operational experience is built and additional measures are put in place to ems
system securitylnvestigation should includespecifying the initial value and how the
safety net will be maintained.

1 Revise ancillary service arrangements to ensure the required speed and volume of PF}
match the size of the Largest Credible Risk (LCR) and Frequency Operating Standard
(FOS) containment requirements for the range of expected future operating conditions

DPV behaviour, inverter -based resources (IBR) behaviour,
and run-back schemes are making the system more complex.
These emerdng issues will further exacerbate postontingent
outcomes for credible and noncredible events. Norcredible 1 Investigate the effect of higher RoCoF on DPV, utilitgcale generation, switched reserve
contingencies are expected to result in higher rate of change of providers, and protection relays used in vaous network functions. The result of this
frequency (RoCoF), the effect of which is not yet fully understooc  investigation will be a recommended system RoCoF limit, or set of RoCoF limits, in
for the NEM. addition to existing generator ride-though requirements. Investigation should include
assessment of the adequacy of Emergency Fragncy Control Schemes (EFCS),
including Under Frequency Load SheddingyFL$, under decreasing levels of inertia.

9 Continue investigation into DPV penetration into UFLS load blocks.

9 Apply appropriate limits to the total proportion of switched reserve. Thiss needed to
ensure there is a minimum amount of dynamic frequency control.

1 Investigate appropriate regional contingencyfrequency control ancillary servicesRCAS$
requirements, particularly for South Australia and Queensland.

fUpdat e AEMOOG m feeguiersyt miodebto be sbte to predict postcontingent
frequency outcomes based on generating unit dispatch. Development of this model will
benefit from the capture of high-speed generator output and network quantities on a
routine or ongoing basis.
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The NEM is at the international forefront of managing issues
associated with low system strength; AEMO has so far
declared system strength gaps and worked with local
transmissionNSPs(TNSPs) to address shortfalls in South
Australia, Tasmania, Victoria, and Queensland. Localised systen
strength challenges are also eating increasing hurdles for
generators seeking to connect in weaker parts of the grid.

The magnitude of peak ramps (upward/downward

fluctuations in supply/demand) is forecast to increase by

50% over the next five years as a result of increasing wind and
solar penetration. Operators need to ensure there is adequate
system flexibility to cover increased variability across all times.

There is a limit to the accuracy of deterministic forecasts of
expected ramps, even using current best practice approaches.
Forecasting limitations increase uncertainty and the need for
greater ramping reserves.

Ensuring sufficient flexible system resources are available to
enable increased variability at times of high wind and solar
penetration will beco me increasingly challenging . Times
characterised by low interconnector headroom (spare capacity)
or 6coldd offline plant wild.l

5.1AEMO to pursue opportunities to improve the minimum system strength framework 2020
and improve system strength coordination across the NEM, including:
1 AEMO to contribute latest findings and insights into ongoing ESB and AEMC reviews o
system strength frameworks.
fFoll owing conclusion of the AEMCO6s i nvc«
the NEM, AEMOto assess the need for changes to the System Strength Requinents
Methodology and System Strength Impact Assessment Guidelines.
1 AEMO to progress planned actions (see Section 5.3.3) as part of the Final 2020 ISP.
AEMO is investigating redeveloping its PASA systems (PD and ST) to better account for
system ramping requirements. See recommaation 2.2.
. . . - ) . 2020-21
6.1AEMO to improve understanding of system uncertainty and risk, particularly during
ramping events by exploring:
i Trialling and implementing a ramping forecast and classification prototype.
1 Deploying additional weather observation infrastructure that is fit for purpose for the
energy industry.
The ESB is exploring options for explicitly valuing flexibility and incorporatihig into
scheduling and dispatch mechanisms. See recommendation 2.3.
6.2 Improve the reliability of information provided by participants (loads, and scheduled = 2020-21

and semischeduled generation) to support securityconstrained dispatch The ESB is
coordinating several interim measures to improve the visibility of and confidence in
resources in the NEM, to ensure security can be maintained while new market
arrangements are developed.

A. Seehttp://www.coagenergycouncil.gov.au/sites/prod.energycouncil/files/ESB%20P0st2025%20Directions%20Paper. pdf

B. For more information oninterim security measures, seéttp://www.coagenergycouncil.gov.au/interim security- measures

© AEMO 2020 | Renewable Integration Study: Stage teport
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Figure 2  Timeline of actions identified in this RIS

2.1 AEMO to evaluate standard process
to operationalise interventions for
system strength and inertia services
under current framework.

2.2 AEMO to redevelop existing scheduling systems to better account for system needs.

2.4 AEMO to develop a proposal
outlining requirements, timing, and
method to achieve specified NEM high
speed monitoring.

4.1 AEMO to facilitate implementation of the Mandatory Primary Frequency

Response rule.

6.1 AEMO to improve understanding of system uncertainty and risk, particularly
during ramping events.

Now 2021 2022

2.3 ESB to assess market mechanisms to increase certainty around dispatch of energy and essential system services. The ESB will
recommend a high level design to the COAG Energy Council by end of 2020.

2025

3.1 AEMO to fast-track requirement for short duration voltage disturbance ride-
through for all new DPV inverters in South Australia and Western Australia (other
NEM regions encouraged) and investigate need for updating existing DPV fleet.

3.2 AEMO to collaborate with industry to progress update to national standard for
DPV inverters (AS/NZS4777.2) to incorporate bulk system disturbance withstand
and autonomous grid support capability.

3.3 AEMO to collaborate on measures
to improve compliance with technical
performance standards and connection
requirements for DPV systems.

3.4 AEMO to collaborate on minimum device requirements to enable generation
shedding capabilities for new DPV installations in South Australia (other NEM regions
and Western Australia encouraged).

3.5 AEMO to establish aggregated predictability or real time visibility requirements
for DPV systems.

4.1 AEMO to facilitate implementation of the Mandatory Primary Frequency
Response rule change.

6.2 ESB is coordinating several interim measures to improve the visibility of and
confidence in resources in the NEM

Legend

Development of process, tools Regulatory and market Investigations to better

and training to support secure reforms to support secure understand secure or more
operation operation efficient operation
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Maintaining a secure NEM and maximising the potential of wind and solar

Figure 3showsthe changing system conditionsin the NEM from 2019 to 2@5 (asin Figure 1) These are
overlaid with the systemlimits identifiedtin this study which, if not addressed, will create barriers to the
proportion of wind and solar PV generation that can securely operate at any one time.

To read Figure 3

1 Grey dots show theactual instantaneous penetration ofwind and solargeneration in the NEMin 2019.
Red dots show the forecastinstantaneous penetrationof wind and solar generation in the NEMin 2025
under the Draft 2020 ISP Centrageneration build; orange dots show the forecast instantaneous
penetration of wind and solar generation in 2025 under theDraft 2020 ISP Step Changegeneration build.

1 Zone A indicates where managing variability and uncertainty will become increasingly challenging.

1 Zone B indicates where inertia and system strength limits impact secure operatipthe diagonal dotted
linesin Zone Bindicate the approximate staged progression ofthese limits that AEMO will seek out to
2025, as sufficient operational experience is obtaine@dnd necessary frequency management reforms are
progressed.

1 Zone Cis an aggregation ofthe current minimum online synchronous generation required to meet the
minimum synchronous unit combinations for system strength in eachegion.

1 White bubbles with numbered actions (see Table 1) give an indication ahe levels ofwind and solar
penetration at which they would be needed

0 Operational actions .1:2.5) o these are already required and are progressing in some instanceand
will require further development to securely operate the system at higher penetrations.

0 DPV actions (3.43.5) 0 these are already required in some states such as South Australia whereeth
penetrations are very high and will be required in other states as penetration in those states increase

0 Frequency actions 4.1-4.2) d actions are required tobe completed to progressivelytest the system at
lower levels of online inertiainto Zone B.

0 System strength action (5.19 this is required to ensure coordination of system strength sources across
the NEM and enable system operation at very high penetrations iZones B and C.

0 Variability and uncertainty actions (6-6.2) d these are required as penetrations of variable and
uncertain energy sources increase fronZone A onwards.

If recommended actions are not taken to address the regional and NEMvide technical challenges identified
in this study, the identified operational limits wil bind and constrain the output of wind and solar resources.
This would limit their maximum contribution at any time in the NEM to between 50% and 60% of total
generation.

If recommended actions are taken, the NEM could potentially be operated securelyut to the beginning of
Zone C by 2025 with up to 75% of total generation coming from wind and solar resources at any tim&

Operation in Zone C, with up to as high as 100% ofiind and solargeneration operating securely at times, is
theoretically achievable in future. This would, however, require more advanced methods of system operation,
coupled with provision of essential system services to ensure adequate system flexibility, frequencydan
voltage management.

1The zones in this figure are indicative onland have been aggregated up fromregional limits (Queensland New South Wales South Austalia, Tasmania,
Victoria).

2 Thisstudy also identifieda number of uncharted operating conditions emerging in the NEM by 2025. AEMO will continue investigation and analysis to
identify and address additional limits and barriers that emerge.
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Figure 3 Summary of identified system limits and  remedial actions , overlaid on instantaneous penetration
of wind and solar generation, actual in 2019 and forecast for 2025 under ISP Central and Step
Change generation builds
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Note: Penetraton values on this graph represent noroverlapping half-hourly wind and solar generation divided by total underlying
demand across the NEM during the same halhours. Actual 2019 penetration includes all curtailment; 2025 projections only include
network congestion.

Next steps

In recommending actions and highlighting positive potential outcomes, AEMO does not underestimate the
extent of work that will be required to successfully adapt the NEM.

This Stage 1 RIS has been a large undertaking and explored several critical poweteayssecurity questions in
detail; however, its scope has beetound by the assumptions outlined throughout the report and

appendices. There are also several areas for further study arising as a result of the RIS findings. This means
there is a need for cortinued efforts on several fronts to build on these Stage 1 findings.

In addition, the NEM power system and market dynamics evolve daily, and a large body of woiik already
underway across many organisations to explore different changes in the power systeand energy markets.

Given the high level of complexity and interrelatedness ofpower system securitychallenges, AEMO sees a
need to facilitate greater clarity among stakeholders regarding the priority focus as the generation mix
transitions.

Key nextsteps following the publication of this report include:

1 An open and transparent stakeholder engagement process to discuss the findings and actions arising
from this report and priority focus areas for the future.

1 Exploring the findings and insights from ths work with regulatory bodies and policymakers to help inform
ongoing reform processes Given the pace and complexity of change in the NEM, the RIS highlights the
need for flexible market and regulatory frameworks that can adapt swiftly and effectively a.our
understanding of the changing power system evolves

1 Incorporating relevant findings as part of the Final 2020 ISP.
Undertaking identified actions to address limits.

1 Scoping and commencing areas of further study, including but not limited to the resiénce of a high
renewable future system to complex system events, and a study of the latest advancements in inverter
technology.

1 Building on the Stage 1 RIS findings and subsequent stakeholder engagement, developifiyy Q2 2023 a
roadmap for the secure transition to higher penetrations of wind and solar in the NEM, including key
study areas, actions, and reforms
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1. Introduction

1.1 Why AEMOiIi ng the Renewabl e |

The Renewable Integration Study (RIS) is the first stage of a mejtgar plan to support a secure National
ElectricityMarket (NEM) with highpenetration of renewable resources.

AEMOGs recent i fshewedthat partsofailstratizeare ialeady experiencing some of the
highest levels of wind and solar generation in the world, including one of the highest levs of small
(residential) distributed solarphotovoltaic (DPV) systems.

Under all scenarios in the Draf2020 Integrated System PlafiSP), t h e N Echbbbfsturd wéll zee t
continuing increases in renewable generatior® both utility -scale wind andsolar connected to the grid, and
DPV.

Stage 1 of the RIS hagrimarily based its analysison the year 2025 of the Central scenariogeneration build
in the Draft 2020 ISP Thisprojects that wind and solar generation capacity in the NEM wilincrease from
17gigawatts (GW) in 201®to 27 GW in 2025 as shown inFigure 4 below.

The | S EEéngral scenariorenewable generationbuild forecastis conservative in comparison tahe Step
Change scenario If the generation build in the NEM develops accordingto the Step Changescenario,the
observationsin this study would be accelerated

Figure 4 Installed wind and solar capacity in the NEM for 2019, with 2025 and 2040 forecasts from the  Draft

2020 ISPCentral and Step Change generation builds
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Solar is split into the capacity of utility solar farms and the capacity dPV systems, installed behind the meter on residential and commercial consumer
premises.Behind the meter battery includes both projectedvirtual power plants (VPR) and passive batteries projected by the ISRJtility storage includes
both utility-scale battery and pumped hydro.

13 AEMO,RIS International ReviewDctober 2019, atttps://www.aemo.com.au-/media/Files/Electicity/NEM/Security _and_Reliability/FuturdEnergy
Systems/2019/AEMERIS International Review Oct-19.pdf

14 At https://www.aemo.com.au/energy systems/major publications/integrated-system plan-isp.

15Throughout this report, the year refers to the financial year ending for example, 2019 means the 20189 financial year.
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The instantaneous penetration of wind and solar energyhat can operate on the system at any time varies
depending on system conditions, the mainimits and hence causes of lost energyre:

1 Network congestion i s when the network isndt capable of secur
several resourcesThis could bind when the network is fully intact or during network outages.

1 System curtailment 9 is when providers of essential system services are required to be onlinghich limits
the output from renewables. For example, certain generators may be redred to be kept online to
provide inertia, frequency control ancillary servicesKCAS, system strength, voltage controlor flexibility,
and as a result the output from wind or solar resources are curtailed.

i Participant spill § is whenparticipantsreduce output due to market signals.For example, ths could be
due to low or negative energy spot prices or high real time FCAS prices whichieate opportunity or
liabilities.

The RISStage 1 focuses orsystemcurtailment related to system security.

Figure 5shows:

1 Actual instantaneous (halfhourly) penetration of wind and solar generationin the NEM in 2019. This uses
historical data, and accaints fully for all renewable limits.

1 Projectedinstantaneousp enet r ati on of wind and solar generation &
Step Changegeneration builds. Theseforecast account only for projected network congestion and do
not consider systemcurtailment or participant spill.

This figure highlights significant forecast growth in the maximunpotential instantaneouspenetration of wind
and solar, from just under 50% in 209 to well over 75% at timesunder the 2025 Central generation build and
up to 100%under the Step Changegeneration build.

Figure 5 Instantaneous penetration of wind and solar generation, actual in 2019 and forecast for 2025
under ISP Central and Step Change gener  ation builds
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Note: Penetration on this graph represent NEM hathourly wind and solar generation divided by the underlying demandwhich includes
demand response energy storage,and coupled sectors such as electrification of gas anttansport. Actual 2019 penetration includes all
lost energy; 2025 projections include network congestiobut do not include system curtailment or participant spill

This report explores the extent to which these outcomes might be achievable from a securiperspective, and
the actions needed to enable them.

The findings from the RIS are being incorporated into
future power system that will be operable.
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More broadly, this report aims to provide foundationalengineering perspectives to industrythe Energy
Security Board (ESBinarket institutions, and policymakers to support their consideration of future
investments, regulations, and market designs.

The South West Interconnected System (SWIS) in Western Anasia will experience similar challenges as the

penetration of wind and solar generation increases. While thenique characteristics of the SWIS will see

challenges evolve in different ways, common approaches may be taken to resolving the issues. The RIS
findings will support AEMO&6s ability to transition thr
electricity reform processes in Western Australt&

1.2 How RhsBcope was developed

Maintaining power system securityand reliability necessitatesthat the physical requirements of the power
system are satisfied at all timesn simple terms this meansensuring:

1 Resource adequacyd having a sufficient overall portfolio of energy resources to continuously achieve the
real-time balancing of electricity supply and demand

1 Frequency management the ability to set and maintain system frequency within acceptable limits

i Stable voltage waveform(system strength) & the ability to maintain the voltage waveform and phase angle
at all locations in the power systemunder system normal and contingent conditions

In addition, severalpre-requisites must be satisfied toenable power system operatorgo satisfy the power
systemds physi AEavO Pmeegystem &Regeinerhesteference paper presented an overview
of these physicalrequirements and operational pre-requisites'’.

Given the increasing levels of wind ad solar generationprojected to connect to the NEM under all future ISP
scenarios as outlined in Section 1,Xhe RIS has been scoped to explore the particular impacts of increasing
levels of wind and solar generationon power system requirements This includedexploring the impacts of the
following key drivers:

1. Increasing wind and solar generation online, because its invertdsased characteristics change the way the
power system resports to disturbances, and it drives increasing variability and umetainty into balancing
of supply and demand.

2. IncreasingDPV generation online, operated by households and businesses behind the meter, thist
neither visible nor controllable by operators.

3. Fewer synchronous units online, as renewable generation displacegnchronous generationand with it
the essential system services provided by thenir(ertia, system strength and operating reserve)

Figure 6illustrates how some of these gstem requirements and wind and solar characteristicapply across
different operability timeframes.

16 For more information, seehttps://www.wa.gov.au/organisation/energy policy-wa/energy-transformation-strategy.

17 At https://www.aemo.com.aut/media/Files/Electricity/NEM/Security _and_Reliability/Powesystem requirements.pdf
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Figure 6 System requirements and wind and solar characteristics across different operability timeframes

To maximise the value of the RISo all stakeholders AEMOconsidered the following factors when scoping
RIS Stage 1:

1 Reviewingleading international experience in wind and solar integratiord this culminated in the RIS
International Reviewpublished in October 20198

1 Where possible, prioritising the study of power system phenomena most likely to need managing in order
to operate the NEM at high penetrations of wind and solargeneration.

9 Prioritising areas ofstudy that expand the available analysis on operating a high renewable NEMoting
the volume of previous or concurrent investigatiors in the NEM.

i Using the projected generation builds underDraft 2020 ISPscenariosdeveloped in consultation with
industry.

1 Choosinga target year for detailed analysis that strikes a reasonable balance between havitige potential
for very high periods of wind and solar generationand not being too far into the future . AEMO chose
2025 as the horizon for this studybecause it is far enough to provide insights into future operating
patterns, and close enough for system conditions to be forecast with greater confidence based on existing
mechanisms and technologies.

Stage lof the RISwas established to bea technical analysis of system security limits NEMvide and for NEM

regions. While it identifiesrecommendeda ct i ons t hat woul d meet the systemods
investigate the costs of proposed actions or all the specific mechanisms that could be implem&d. These

questions will be explored further as part offuture work and other workstreams such ashe ISP andthe ESB 6 s
andAustralian Ener gy AVEMGdesket r€farrmpnocasses.ond s (

13 Stage 1 scope

Table 2givesan overview ofthe study areasAEMO identified as priorities for Stage 1 of the RJ&nd the
approach AEMO has applied in exploring them

18 AEMO,RIS International ReviewDctober 2019, atttps://www.aemo.com.au-/media/Files/Electricity/NEM/Security_and_Reliability/FuturEnergy
Systems/2019/AEMERIS International Review Oct-19.pdf

19See Chapter 9 in this reportor relevant AEMO publications into the changing generation mix.
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