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‘Journey of unity: AEMO’s Reconciliation Path’ by Lani Balzan Read our

AEMO Group is proud to have delivered its first Reconciliation Action Plan in May 2024. ‘Journey
of unity: AEMQO'’s Reconciliation Path’ was created by Wiradjuri artist Lani Balzan to visually narrate
our ongoing journey towards reconciliation — a collaborative endeavour that honours First Nations
cultures, fosters mutual understanding, and paves the way for a brighter, more inclusive future.




Objectives

Explain the major system planning publications and the
development of the Engineering Roadmap

Present an overview of the NEM Engineering
Roadmap FY25 Priority Actions Report

ﬂ Reflect on the state of the energy transition

/

Engineering
Roadmap

Read the report and associated material



https://aemo.com.au/en/initiatives/major-programs/engineering-roadmap

Major planning reports



Integrated System Plan
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Electricity Statement of Opportunities

What: 10-year energy reliability outlook

Why: Highlight risks to reliability (will there be sufficient energy generation to meet demand);
inform the planning and decision-making of market participants, new investors, and

jurisdictional bodies.
Figure 1 Expected USE, additional actionable and anticipated developments, 2024-25 to 2033-34 (%)
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This sensitivity includes only those announced and identifiable components of announced federal and state schemes, including various tender stages that
have been concluded. Delivering planned subsequent tender stages will support further improvements to this reliability assessment.

https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2024/2024-electricity-statement-of-opportunities. pdf



Engineering Roadmap to 100%
Renewables

What: Technical, engineering, and operational actions required to prepare the NEM to securely
and reliably operate at 100% instantaneous renewable penetration

Why: inform industry prioritisation of steps necessary to securely, reliably and affordably
transition through key milestones

Figure 4 Daily resource mixes that could lead to 100% instantaneous penetration of renewables
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Engineering Roadmap to
100% Renewables



NEM Engineering Roadmap journey

March 2021

Stocktake of work in
progress across
industry

Present forward

July 2021

Engineering Framework
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South-West Interconnected System

2022 2023 2024

Engineering Roadmap

Engineering FY2024 — Priority FY2025 - Priority
Roadmapto 100% Actions Report Actions Report
Renewables

NEM

Coordinated
action delivery

SOk

SWIS Engineering
Roadmap

SWIS

2023 - 2024:
NEM - SWIS consultation on
SWIS engineering gaps actions
and roadmap framework
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Scope of roadmap

‘ Detailed, engineering-focussed roadmap

éjf @ AEMO’s view of the technical, engineering, and operational actions required
to operate the NEM at 100% instantaneous renewables for the first time

(Q o % Technical base to inform industry prioritisation of steps necessary to transition

) through key milestones on the way to 100% renewables
J= ‘ Provide confidence around underway actions and highlight areas requiring
= further attention




AEMO is supporting record %
of renewables
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Potential: available renewable generation given weather conditions for a 30-minute window — regardless of whether available generators are running
Contribution: generation actually produced by renewables over 30 minutes
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echnical preconditions for 100%

Figure 1 Select actions and technical preconditions required to operate the NEM at up to 100% instantaneous penetration of renewables
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Relevant acronyms
DPV: Distributed photovoltaics;  EF: Engineering Framework, FCAS: Frequency control ancillary service;, VRE: Variable Renewable Energy
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Satisfactory Operating State =)=

‘ ’ The power system is defined as being in a satisfactory operating state when:
(a) the frequency at all energised busbars of the power system is within the normal operating
. frequency band, except for brief exeursions outside the normal operating frequency band but
within the normal operating frequency excursion band;

@

the voltage magnitudes at all energised busbars at any switchyard or substation of the power
system are within the relevant limits set by the relevant Network Service Providers in
accordance with clause S5.1.4 of schedule 5.1;

(€) the current flows on all transmission lines of the power system are within the ratings
g for time in the case of ratings) as defined by the relevant
Network Service Providers in accordance with schedule 5.1;

(d) all other plant forming part of or impacting on the power system is being operated within the
relevant operating ratings for time inthe case of ratings) as
defined by the relevant Network Service Providers in accordance with schedule 5.1;

(e) the configuration of the power system is such that the severity of any potential fault is within the
capability of circuit breakers to disconnect the faulted circuit or equipment; and
(f) the conditions of the power system are stable in with i inor
Electricity under clause $5.1.8 of schedule 5.1.
Chapter 4 Rule 4.2 Clause 4.2.6
. s Power System Security >  Definitions and Principles >  General principles for maintaining pow_.
National Electricity Rules ’ i e AL 2
Secure operating state and poyler system security
217 ~  View historic rules ot P =
4.2.6 General principles for maintaining power system security ) ) . ) )
(@) The power system is defined to be in A secure operating state if, in AEMO's reasonable opinion,
¥ Chapter Summaries . . . r
The power system security principles are as Tollows: taking into consideration the appropfiate power system security principles described in clause
» Download this version of NER q
i i 4.2.6: Technical envelope
(a) Tothe extent practicable, the power system should be operated such that it is and will remain in
Search text.
AEEIEE Ry S » (1) the power system is in a satisfactory operating state; and (a) The technical envelope means the technical boundary limits of
Seachin  All Chapters v . . . . ) and maintaining the Secure operating state of the power syster
Fall contingency event (wheth t a credible contingency event) ificant q 5
(®) Followinga gency (whether or nota gency ) or a significan (2) the power system will return to a safisfactory operating state following the occurrence of system scenario.
change in power system conditions, AEMO should take all reasonable actions: " N )
any credible contingency event or protected event in accordance with the power system X X
T e e a . T A ——— . (b) AEMO must determine and revise the technical envelope (as m:
(1) oia dRstiwherover poeshielibelopaatingiconditioos i ithiaviaw ol liering e Doy security standards. time) by taking into account the prevailing power system and pl:
system to a secure operating state as soon as itis practical to do so, and, in any event, clause 4.2.5(c).
within thirty minutes; or (b) Without limitation, in forming the opinions described in clause 4.2.4(a), AEMO must: n
. X . i (€) In determining and revising the technical envelope AEMO must:
(2) if any principles and guidelines have been published under clause 8.8.1(a)(2A), to adjust, (1) consider the impact of each Xf the potentially constrained inferconnectors; and as:
wherever possible, the operating conditions, in accordance with such principles and
Regional Structure guidelines, with a view to returning the power systen toa secure operating state within at (2) use the technical envelope as the basis of determining events considered to be credible (DEREROE o cast i e ohels Valam oo
Morket Rules el My Rl contingency events at that time. (2) the provision of the applicable contingency capacity reserv
(e) Emergency frequency control schemes should be available and in service to: \ (3) operation within all plant capabllities of plant on the power
Power System Security .
(1) restore the power sysfem to a satisfaciory operating state following protected events; and (&) contingency capacity reserves available to handle any crec
Retailer Reliability Obligation (2) significantly reduce the risk of cascading outages and major supply disruptions following Credible and non-credible comingency events and protected (5) advised generation minimum foad consiraints;
- significant multiple contingency events.
Network Connection Access, events 8 (6) constraints on fransmission networks, including short term
[T — @ [Deleted]
e e ] (a) A contingency event means an event on the power system which AEMO expects would be likely (7) ancillary service requirements and inertia network service
customers (e) Sufficient SRASs should be available in accordance with the system restart standard to allow to invalve: availability;
[ ———— Lk aeie=ru o anipecessary ez tatina ot Spe Rl E oy (1) the failure o removal from operational serviee of plant; or @ [oeleted]
ey bidirectional units following a major supply disruption.
" —— (2) asudden and unplanned change to the level of output, consumption or power flow of plant. (9) the existence of proposals for any major equipment or plani
Eei i T (f) Sufficient inertia should be available in each inertia sub-network to meet the applicable inertia . Fp -
“Transmission Services . of, or possible changes in, fransmission plant availability; a
requirements. (b) Acredible contingency event means a contingency event the occurrence of which AEMO
Retail m; considers to be reasonably possible in the surrounding circumstances including the fecfinical (10) applicable performance standards.
(g) Sufficient three phase fault level should be maintained at each system strength node to meet envelope. Without limitation, examples of credible contingency events are likely to include:
the applicable system strength requirements. (d) AEMO must, when determining the secure operating limits of the
Metering (1) the unexpected automatic or manual discennection of, or the unplanned reduction in the applicable performance standards are being met, subject to
(h) Where practicable, decisions about reclassification under clause 4.2 34 and the measures to be capacity of, one operating generating unit or one operating bidirectional unit;or
Administrative Functions implemented in response should be reasonably predictable and consistent with the ) (1) aRegistered Participant notifying AEMO, in accordance wi
reclassification criteria. (2) the unexpected disconnection of one major item of plant (e.g. transmission performance standard is not being met; or
Eei e line, transformer or reactive plant) other than as a result of a three phase electrical fault AEMO othensisab i . - .
anywhere on the power system. 2) otherwise becoming aware that a performance stan
(¢) [Deleted]
(d) [Deleted] 1 4
(e) Anon-credible contingency event is a contingency event other than a credible contingency
event. Without limitation, examples of non-credible contingency events are likely to include:




What is ‘System Security’?

Controls and services are available to keep
the power system operating within defined

technical limits and return it to within those
limits after credible disturbances.
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What is ‘System Security’?
\

Traditional generators (coal, gas, hydro turbines), naturally
provide many essential system security services.

Inverter-based resources (wind, solar, batteries) do not,
but they could be configured to emulate them.

Other technologies, like synchronous condensers, can
provide essential system security services, without
generating electricity.

16



Progress over past 12 months

Engineering
Roadmap to 100%
Renewables

Implementation of
FY?24 priority actions
(17/18 completed, 1 in
progress)

FY2024 Progress

Enabling high
penetrations of
distributed energy
resources (DER)

Ensuring DER technologies are
integrated in a way that maintains
secure and reliable power system

operation, and that enables a two-way
power system.

Conducting future power

system studies
Understanding the power system
requirements of a future with
uncharted operating conditions and
new phenomena to determine secure
operating envelopes.

Enabling new solutions to

address system needs
Accelerating the development and
understanding of new technologies in
a timely manner, while ensuring their
performance is appropriate and can
be relied upon to maintain a secure
and resilient power system.

Building operational

readiness

Successfully navigate previously
untested and uncharted operating
territory, keeping within operational
risk tolerances and aligning with
societal expectations for secure and
reliable supply.

~—&— @

= NS
= A
LI A= || E
Promoted Functional )
Improved ‘ device Technical Backstop requirements | | Engaged with
compliance Input into draft | | coordination requirements design defined and government
with CER and for <5MW requirements gaps and bodies on
ASINZSATTT Roadmap aggregation connections defined and assessed with DER cyber
requirements with DNSPs communicated DNSPs security
\ AN )\ J \ J J J J

@
(&

Power system

\/Q\/

analysis studies on
system strength,

inertia and voltage

\ control )

Role and need for
inertia report
published

System restart
process updated for
near-term conditions

\- /

Assessment of high
DPV system security
issues, with updated
procedures for VIC

\_ and SA Y,

Q4 2023 Freguency
Report details
frequency
performance
-~ @/

e

\

Grid-forming (GFM) inverter core
requirements test specifications

published

e

PN

o

=4

Consensus on system support
capabilities for GFM inverter
technologies established across all

project phases

_\

/

Established

Planning governance and processes

.

©
gl

Operational Transition

/

PN

o
R

100% Inverter Based Resource
Study — Tasmania Region

VRN
N ([
'y
Weather data quality assessment for
operational readiness
AN

— @
&)

change

Improving security frameworks rule

\

v

/
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https://aemo.com.au/-/media/files/initiatives/engineering-framework/2023/nem-engineering-roadmap-fy2024--priority-actions.pdf?la=en&hash=DED803FB758F555EE934A898367E66C6

FY2025 Priority Actions

e Committed to 37 actions in FY2025 across six workstreams

Priority focus areas

Delivering foundational S, Providing long-range M Progressing
investment visibility i

\

000
Iﬁ\/nl

operational readiness

§

transition enablers

Worksireams l

DER Governance {o} Operational DER

©) 7 Future power __ New technology . Operational RTO and operations
@ integration system phenomena S capabilities transition planning e support

! ! !

16 actions 11 actions 10 actions ]

Actions
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FOCUS Areq 1: Delivering foundational f:l

transition enablers 59&%

Example Actions: supporting world-leading distributed PV uptake

)1 Enabling participation pathways for distributed
enerqy and load flexibility in the daytime

ﬁ Emergency backstop for distributed PV across NEM
mainland regions

\/— Governance frameworks for compliance with
technical requirements




NEM minimum operational demand ~10GW

30min Generation Type / Operational Demand
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Rooftop solar hits 100% in SA

SA - Operational Demand and Generation Mix

750 MW

LS00 MW

250 MW

,000 MW

750 MW

i Operational Demand

500 MW

250 MW

O MW

30min Generation Type
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()
w
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750 MW
02:00 04:00 06:00 08:00 10:00 12:00 14:00 16.00 18:00 20:00 22:00 2024-0...

Rooftop Solar Grid Solar Wind @ Battery Storage @ Gas Import = - Operational Demand



Decreasing minimum demand

18,000
== Actual
16,000 === 2024 ESOO Step Change
forecast (POE 90)
14.000 === Achievable demand -
' Scenario A
Achievable demand -
12,000 Scenario B
10,000 Scenario A: Backstop capability

based on present regulatory
frameworks and compliance

8,000 Min demand threshold: Outages
(under assessment)

Scenario B: Backstop capability
with expanded regulatory

Minimum operational demand (MW)

6,000 frameworks tr:_- cover all new
DPV systems in the NEM
e N Min demand threshold: System Normal (best case) ;1?;2‘:&2212?;::32 55% of
- 4,000 TTTTT T OO T T TE T T mm e e e e m e

systems

H .
E— r
3 .
H . /
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£ A lJ
2 \
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: ; ’ 2 000
g Y P 1
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RoofwoSolr GridSolr © Wind @ Laudruel @ SameryStorage @ Gis  © Impon = Operations Demand

2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029

Calendar Year

aemo.com.au/-/media/files/initiatives/der/managing-minimum-system-
load/2024-minimum-demand-and-emergency-backstop.pdf

22


https://aemo.com.au/-/media/files/initiatives/der/managing-minimum-system-load/2024-minimum-demand-and-emergency-backstop.pdf
https://aemo.com.au/-/media/files/initiatives/der/managing-minimum-system-load/2024-minimum-demand-and-emergency-backstop.pdf

FOCUS AI'eCI 2: Providing long-range M

investment visibility .|I|||||

Example Actions: alternatives to synchronous generation

(T 2

o/ Investigate synthetic inertial response

Initial synthetic inertia specification

W Study performance of grid-forming batteries




. i 20N
Focus Area 3: Zrogre:ssmg | {.’@\m
perational readiness

Example Actions: navigating operational transition points

Operational transition planning and procedures in
each region

7

V= Governance process for operational transition points

@ j Iransition Plan for System Security



Transition plan for system security

Annual TPSS
publication date + 2yrs + Syrs
| Horizon 1 I Horizon 2 I Horizon 3
N | | | |
ew annua I Transition
document Horizon 1 Actviies: point planning
’ Prepare for and navigate providing a structured approach for maintaining
Horizon 1 known fransition points, power system security through the transition
primarily with fechnology and
assets available today.
1 | ©n
first published 2
S
2 December 2024 - toizon 2 Acttes:
> Screen for fransition points that
> will enter Horizon 1 in the
0 Horizon 2 coming years.
L~ Demonstrate new technology
= delivering the NEM's system
g | services at scale.
Io Horizon 3 Activities:
Build understanding of all
aspects of a low-carbon power
> system, initiating long lead-time
Horizon 3 activities that will enable
preparation and investment in
solutions to meet emerging
needs.

~nd canahilit

to deliver future power system security requirements in a
low- or zero- emission power system, ensuring sufficient
services are available as fransition points are identified and
approach operational timeframes

Action for all horizons proceed simultaneously

Report available: https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-

forecasting-and-planning/transition-planning

Public webinar: Tue 10 Dec https://events.teams.microsoft.com/event/b2ed99f1-f8f5-40fb-b5da- o5
71f2bb213d55@320c999e-3876-4ad0-b401-d241068e9e60



https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/transition-planning
https://aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/transition-planning

National CER Roadma

Workstreams

SUMers
Technology

Power system operations

2024 r- 'm‘ﬁ\ , |~ =N % T

200 /7
P o0 Y K/
2028 Tm® 2029 f 2030 7 https://www.energy.gov.au/e

____________ nergy-and-climate-change-

Interoperability standards Draft National Energy Examine costs and Identify options for . Removal of barriers to @
developed Equity framework !’E"Eﬁt!‘ of harmonised CER mt:::lms deuelopedlln enable Vehicle to Grid
Ensures CER devices work as delivered improving voltage connection ena r‘l: t::'dns.u o Allows consumers to feed m
intended, can communicate  Increases understandingof ~ Management processes, including export & ':pﬂrt TI:”E their EV's energy back to
with each other and vulnerability and hardshipin  Le3ds to lower costs for EV chargers plf'l.:ﬁ toan ® their home or the grid Distribution level
maintain cybersecurity Australia’s energy system for consumers B market roles and
responsibilities
defined
@ 0 0 0
200 g
2027 ) 2026 L
: National Communication cyber
| regulatory Framework and Consumer :t:::::l: :ﬁ:t&d‘mical Backstop mechanisms Energy refofram.package for Roles and
. 1 . ap wpEgn
I framework for strategy pmtec.:hons specifications available in place :Dxu:er.s cing o responsibilities
X i i established X Emergency response to ardship implemen for power system
, CER operational Ensures CER benefits ) Ensures CER devices are | utcomes fi i
! Sets enforces CER are understood by all Toincrease safe from cyber threats ensure operational MProves outcomes for operations
Data sharing : standards Consumers consumer trust security consumers who cannot defined
arrangements to 1 access the market
inform planning and :
enable future markets |
To enable consumer | g
participation I @
|
|
|

ication . Smart mete = . . .
Secure czi:tra“hL:i']shEd MNew market offers and :ﬂoz;:se;ucﬂ;:lle Further consumer New consumer mll?:lut r m} m|n|sterla|—counCIl/WOl’kll’lg-
systems tariffs structu otecti .
Public Key Infrastructure - peog benefits o support finalised O groups/consumer-energy-
enabled o delivered To empower All homes E j .
::z‘:;s consumer Allows consumersto  Policiesin place Toincrease consumers in a Sted with resources-working-
ract grester benefts consumer trust high CER future smart meters CER are an integral part of group/national-cer-roadmap
Australia’s secure, affordable and
sustainable electricity systems 2 6
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Summary

Engineering Roadmap plans and tracks progress on the technical preconditions for
operating at 100% renewables

AEMO is supporting opportunities to better utilise low-cost solar energy, while
accepting the need to curtail at times to maintain system security

AEMO is analysing alternatives to synchronous generation to maintain system security as
coal exits the system.
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AEMO

AUSTRALIAN ENERGY MARKET OPERATOR



	Default Section
	Slide 1: Engineering Roadmap to 100% Renewables 
	Slide 2
	Slide 3: Objectives
	Slide 4: Major planning reports
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Engineering Roadmap to  100% Renewables
	Slide 9
	Slide 10: South-West Interconnected System
	Slide 11: Scope of roadmap
	Slide 12: AEMO is supporting record % of renewables
	Slide 13: Technical preconditions for 100% 
	Slide 14: What is ‘System Security’?
	Slide 15: What is ‘System Security’?
	Slide 16: What is ‘System Security’?
	Slide 17: Progress over past 12 months
	Slide 18: FY2025 Priority Actions
	Slide 19
	Slide 20: NEM minimum operational demand ~10GW
	Slide 21: Rooftop solar hits 100% in SA
	Slide 22: Decreasing minimum demand
	Slide 23
	Slide 24
	Slide 25: Transition plan for system security
	Slide 26: National CER Roadmap
	Slide 27: Summary
	Slide 28


