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About AEMO

« AEMOis a member-based, not-for-profit
organisation.

* We are the independent energy market and
system operator and system planner for the
National Electricity Market (NEM) and the
WA Wholesale Electricity Market (WEM).

* We also operate retail and wholesale gas
markets across south-eastern Australia and
Victoria’s gas pipeline grid.

AEMO Services is an independent
g‘% subsidiary of AEMO, established in 2021 to
enable the transparent provision of advisory
AEMO and energy services to National Electricity
SERVICES  Market jurisdictions.
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On the way to Renewable Energy, why
do we need to collaborate?
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Australian power systems are We are moving away from

continuously integrating high levels synchronous fossil fuel generators

of renewable energy to reach the to cleaner alternatives, and this has

stated goal of Net Zero. created challenges for the power
system.

We increasingly need to work with

@ research institutions and academia
to resolve these challenges



How energy transition future unfolds?
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Low-cost
renewable
energy, taking
advantage of
the abundant
wind and solar
resources.
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Firming
technology like
batteries, and
gas generation,
to smooth out
the peaks and
fill in the gaps.
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New
transmission &
modernised
distribution
networks to
connect low-
cost renewable
sources.
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A power system

capable of

running, at
times, entirely on

renewable
energy.
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Energy transition is well underway
Close to 100% renewables in 2022

Potential Renewable Generation vs Underlying Demand on 16/10/2022
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Energy transition is well underway
Potential for 100% renewables at times in 2023

Available Renewables 25 September 2023
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Establish coordinated approach to

\J
resilience planning, including E_ié

Ability t ly and .
Deployment of system R managing outages to allow entry of
. reliably manage planned L e .
strength solutions, o outages for maintenance new transmission and generation
deliver the required number of ", and the augmentation
te. Inertia, frequency response, required in the transition
synchronous FCAS, system strength, and to 100% renewables
condensers, including the use voltage control requirements
of advanced inverter technologies all completely met by VRE,_ Sufficient visibility of power Upliftin ope rational capability
storage and other non-fossil system performance, and control

T increasingly complex operational
conditions in the transition to 100%
Adequate emergency frequency renewable operation
control arrangements in place Ability to forecast and actively
to manage non-credible manage plausible VRE
contingency events generation output variability
and uncertainty

fuelled technologies room tools for stability monitoring sennnnafp to securely and reliably manage bd

Redesign system restart

Ability to restart )y ’
Process for a high D ALEE power system without Processes to manage = =
renewables power system fossil-fuelled increased operational risk Modernising the —b ’
generation having to and uncertainty during initial . . . - hr
have been online prior Q operation in unchartered distribution network r ﬁ
to system black operational conditions and uplifting operational .Ur "’
9hg Capab‘v,’{\‘l\l frameworks between AEMO, N
Transmission Defined planning * seessnneensd NSPs and aggregators
network expanded responsibilities and
L to enable renewable operational
o development, boundaries at the
deli ¢ Basic level of interfaces between
Prog:reSf e v:tery' of new Confidence that suffiient _ controllability of t(:ilstrlbljltl?n, . . .
transmission infrastructure flexible plant capacityis @ Proportionof  {ransmission improve installation compliance of =
available to cover variability of ~DPVavailable  ..iciciciiiiiciciiniinecnnp all new DPV inverters with -
Ly e e AS4777.2:2020 to reduce potential DPV GO

disconnection during disturbances gig!

Relevant acronyms
DPV: Distributed photovoltaics;  EF: Engineering Framework; FCAS: Frequency control ancillary service; VRE: Variable Renewable Energy
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Establish coordinated approach to »
- resilience planning, including Bﬁ
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Low wind
output during
evening peaks.

|

Significantly reduced generation
availability due to plant outages,
network outages and low renewables
output

|

SWIS Available Generation vs Actual Output by Fuel Type

Acute periods of low reserves
requiring dispatch of diesel
generation & load curtailment

|
|

Days of very high
operational demand
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A Forecast LOR 2 Conditions: This condition exists when reserve levels are forecast to be lowerthanthe single largest supply resource.

Total Scheduled Generation — Scheduled Generation Outages + Wind Generation + Grid Scale Solar Generation— Network Constraints (110 MW).

Available Generation (MW)
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Daunkelflaute

https://www.energynetworks.com.au/news/energy-

insider/2021-energy-insider/its-dark-its-still-its-dunkelflaute/

2,500

9th to 10th

11th to 12th




&) AEMO
SWIS Roadmap to Renewable Energy

Areas of potential collaboration
with universities



Frequency related knowledge objectives
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Preconditions for first In Commence First 100% More regular
100% periods progress soon periods 100% operation
[ 1 |1 [ ]
>

Ability to keep system . .
e e Review the RoCoF Safe Limit based on anassessment of RoCoF

limits following credible and Ride-Through Capability and availability of RoCoF Control Service

non-credible events,
including RoCoF containment Establish understanding and specification of ‘synthetic’ inertial response Specify accreditation requirements for

and effective emergency '5,:’“ from IBRs, and equivalence to synchronous machines, and potential plant RoCoF ControlService from syntheticinertia
frequency control level constraints on the capability to provide synthetic inertia providers

arrangements

Identify and progress opportunities (where economic) opportunities for common solutions to address inertia requirements in conjunction with
identified system strength needs, such asadding flywheels to synchronous condenser installations

AEMO and Western Power toreview UFLSadequacy with AEMO and Western Power remediate or
increasing aggregate DPV uptake, including assessing the redesign UFLS arrangements for effective
possible need for an UFLSredesign operation during high DPV conditions

Use phasor measurement units (tobe installed by Western Power)
to provide increased accuracy of system inertia estimation in real
time

Frequency Co-optimised
Essential System Services
(FCESS) reserve requirements Review the efficacy of FCESS (Regulation, Contingency Reserve, RoCoF Control Service) under high renewables
completely met by VRE, penetration scenarios

storage, demand response

and other non-fossil fuel
technologies AEMO to augment methodology for FCESS service quantity to ensure impacts of uncertainty relating toincreasing price
responsive behaviourof non-scheduled facilitiesand DER is reflectedin service quantities

Legend Roadmap action Newly identified WA action ',"'\‘ Collaboration
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Frequency related knowledge objectives

Preconditions for first In Commence First 100% More regular
100% periods progress soon periods 100% operation
L L | 1

>

Ability to keep system
frequency within defin€
limits following crediblé¢
non-credible events,

e Establish understanding and

specification of ‘synthetic’ inertial
response from IBRs, and equivalence to
synchronous machines, and potential

=w==r=+ nlant level constraints on the capability

r
completely met by VRE
storage, demand respo

=it 0 provide synthetic inertia
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Frequency related knowledge objectives

Preconditions for first In Commence First 100% More regular
100% periods progress soon periods 100% operation

L ] l. >

Ability to keep system
frequency within defined
limits following credible and
non-credible events,
including RoCoF containment Jccreditation requirements for

prorl Review the ROCoF Safe Limit  e——
based on an assessment of

b\ conjunction with

RoCoF Ride-Through
Capability and availability of
RoCoF Control Service

Frequency Co-optimised
Essential System Services
(FCESS) reserve requirements
completely met by VRE,
storage, demand response
and other non-fossil fuel
technologies

Newly identified WA action ',"'“ Collaboration

Legend Roadmap action
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Frequency Management g%AEMO
Transient & oscillatory stability

System strength and converter driven stabllity
Voltage control

system restorafion

Monitoring & situational awareness
Power system modelling




We are qlreqdy engaging

THE UNIVERSITY

o ADELAIDE

............ MONASH
GLOBAL PST " University
“ CONSORTIUM 0
MELBC
-
ErRl &
ELECTRIC POWER ESIG =
RESEARCH INSTITUTE ENERGY SYSTEMS  EDITH COWAN =

INTEGRATION GROUP

¥y THE UNIVERSITY OF

¥ WESTERN
\J AUSTRALIA
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AEMO

AUSTRALIAN ENERGY MARKET OPERATOR

For more information visit
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