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We acknowledge the Traditional Custodians of 

the land, seas and waters across Australia. We 

honour the wisdom of Aboriginal and Torres 

Strait Islander Elders past and present and 

embrace future generations.

We acknowledge that, wherever we work, we do so 

on Aboriginal and Torres Strait Islander lands. We 

pay respect to the world's oldest continuing culture 

and First Nations peoples' deep and continuing 

connection to Country, and hope that our work can 

benefit both people and Country.

'Journey of unity: AEMO's Reconciliation Path' by Lani Balzan

AEMO Group is proud to have launched its first Reconciliation Action Plan in 

May 2024. 'Journey of unity: AEMO'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.

Read our 

RAP



AEMO and NEM



About AEMO

• AEMO is a member-based, not-for-profit 
organisation.

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

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

Wholesale 

Gas Market 
(DWGM)

Short Term 

Trading 

Market 

(STTM) 

and

Gas Supply 
Hub (GSH)

GasElectricity

AEMO Services is an independent 

subsidiary of AEMO, established in 2021 to 

enable the transparent provision of advisory 

and energy services to National Electricity 

Market jurisdictions.

National Electricity 
Market (NEM) 

Wholesale Electricity 
Market (WEM)



National Electricity Market (NEM)
• About 11 million customers

• 650 registered market participants

• 100 GW of total generation capacity

• 40,000 km transmission lines

• $25 billion traded in FY25

• 200 TWh supplied each year

Reference: NEM Fact Sheet

https://www.aemo.com.au/-/media/files/electricity/nem/national-electricity-market-fact-sheet.pdf


Renewables contribution in the NEM

6Reference: Transition Plan for System Security

https://www.aemo.com.au/-/media/files/major-publications/tpss/2025-transition-plan-for-system-security.pdf?rev=0984b6183240456bbc85bfaaa12fec62&sc_lang=en


Record renewables contributions
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Reference: Transition Plan for System Security

https://www.aemo.com.au/-/media/files/major-publications/tpss/2025-transition-plan-for-system-security.pdf?rev=0984b6183240456bbc85bfaaa12fec62&sc_lang=en


Integrated System Plan (ISP) 
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2024-integrated-system-plan-isp.pdf

https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
https://aemo.com.au/-/media/files/major-publications/isp/2024/2024-integrated-system-plan-isp.pdf?la=en
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A secure power system is one operated safely within defined technical 

limits, with ability to withstand credible disturbances, return to secure 

operation, and restart following a widespread outage.

Power system security



Security is a shared responsibility
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AEMC: Australian Energy Market Commission, AEMO: Australian Energy Market Operator 
AER: Australian Energy Regulator,  TNSP: Transmission Network Service Provider 



System Security 
Transition Planning
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Transition points are events that require 

material changes in the operational approach to 

managing system security. 

Transition planning is an ongoing body of work 

that needs to be done to ensure readiness for 

every transition point.

Example Transition Points

• Major asset changes such as coal power 

station retirement

• Threshold events, such as projected 

seasons where operational demand could 

drop below minimum levels

• Operational changes that could affect how 

security is maintained, such as reducing 

the number of synchronous generators 

required to be online in a region.

AEMO’s transition planning approach

Horizon 1 Horizon 2 Horizon 3

Operational 
planning to 
prepare for 
imminent 
transition points

Transition 
planning in the 
investment 
timeframe

Future system 
needs

0-2 years 2-10 years 10+ years



Summary of NEM transition points
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Reference: Transition 
Plan for System Security

https://www.aemo.com.au/-/media/files/major-publications/tpss/2025-transition-plan-for-system-security.pdf?rev=0984b6183240456bbc85bfaaa12fec62&sc_lang=en
https://www.aemo.com.au/-/media/files/major-publications/tpss/2025-transition-plan-for-system-security.pdf?rev=0984b6183240456bbc85bfaaa12fec62&sc_lang=en


Regional plans: NSW

14Reference: Transition Plan for System Security

https://www.aemo.com.au/-/media/files/major-publications/tpss/2025-transition-plan-for-system-security.pdf?rev=0984b6183240456bbc85bfaaa12fec62&sc_lang=en


NSW with no-coal scenario

15Reference: Transition Plan for System Security

https://www.aemo.com.au/-/media/files/major-publications/tpss/2025-transition-plan-for-system-security.pdf?rev=0984b6183240456bbc85bfaaa12fec62&sc_lang=en


Grid-Forming  
Technology

(Image: Edify)



Definitions

17

Reference: Voluntary Specification for Grid-forming Inverters.pdf 

Grid-forming inverter

A grid-forming (GFM) inverter maintains a constant internal voltage phasor in a short time 
frame, with magnitude and angle set locally by the inverter, thereby allowing immediate 
response to a change in the external grid. 

https://aemo.com.au/-/media/files/initiatives/primary-frequency-response/2023/gfm-voluntary-spec.pdf
https://aemo.com.au/-/media/files/initiatives/primary-frequency-response/2023/gfm-voluntary-spec.pdf
https://aemo.com.au/-/media/files/initiatives/primary-frequency-response/2023/gfm-voluntary-spec.pdf


GFM journey
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2021

2023

2024

2025

2026

White Paper 
Application of 
Advanced Grid-scale 
Inverters in the NEM

Voluntary Specification 
Core and additional 
capabilities of GFMI

Test Framework 
GFMI core capabilities 

Synthetic Inertia
Quantifying synthetic 
inertia of GFM BESS

Synthetic Inertia
Key differences with 
synchronous inertia

Performance Evaluation 
Some GFM BESS projects 
for core capabilities

Stabilisation of GFL IBRs
Estimating the size of 
GFM BESS and 
comparison with Syncon

GFM Fault Current 
Adequacy of protection 
quality fault current from 
GFM

OEM GFM Knowledge 
Sharing 
Supporting active GFM 
projects
Learnings used to 
propose changes in 
Access Standards Review

GFM Access Standards 
Review 
Develop grid-code for 
generator connections 
with GFM technology



GFM projects in the NEM and WEM

19Reference: Transition Plan for System Security

https://www.aemo.com.au/-/media/files/major-publications/tpss/2025-transition-plan-for-system-security.pdf?rev=0984b6183240456bbc85bfaaa12fec62&sc_lang=en


Grid-forming capabilities

20References: Voluntary Specification for Grid-forming Inverters.pdf, 

Voluntary Specification for Grid forming Inverters: Core Requirements Test Framework.pdf  

https://aemo.com.au/-/media/files/initiatives/primary-frequency-response/2023/gfm-voluntary-spec.pdf
https://aemo.com.au/-/media/files/initiatives/primary-frequency-response/2023/gfm-voluntary-spec.pdf
https://aemo.com.au/-/media/files/initiatives/primary-frequency-response/2023/gfm-voluntary-spec.pdf
https://aemo.com.au/-/media/files/initiatives/engineering-framework/2023/grid-forming-inverters-jan-2024.pdf


Seven Tests in GFM Test Framework

21

AP rated discharge of GFM plant 1, BP rated 

discharge of GFM plant 2,
CP rated charge of GFM plant 1, DP rated 

charge of GFM plant 2



Summary of results 
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*Pass/fail indicated here does not mean failing an NER performance standard

Core 

Capability 

Reference

Description

A Voltage source behaviour

B
Frequency domain 

response

C Inertial response

D
Surviving the loss of last 

synchronous connection

E
Weak grid operation and 

system strength support

F
Oscillation damping 

capability

GFM BESS performance appear to be improving with newer version of design and control parameters

Test 1 – 4: loss of the last synchronous machine 

Test 5: RoCoF up and down | Test 6: SCR step change  | Test 7: Angle step change

Test ID Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7

Core Capability 

Reference
A,C,D,E,F C,E A,C,E,F

Project 1 Fail Fail Fail Fail Pass Fail Fail

Project 2 Fail Fail Fail Fail Pass Fail Fail

Project 3 Pass Pass Pass Pass Pass Pass Pass* 

Project 4 Pass Pass Pass Pass Pass Pass Pass

Project 5 Pass Pass Pass Pass Pass Fail Pass*

* Marginal pass Reference: Transition Plan for System Security

https://www.aemo.com.au/-/media/files/major-publications/tpss/2025-transition-plan-for-system-security.pdf?rev=0984b6183240456bbc85bfaaa12fec62&sc_lang=en


Synthetic inertia quantification
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✓ The inertia of Plant B is 

known

✓ The size of the Plant B is 

approx. twice as Plant A

✓ Frequency control loops are 

disabled

✓ Load is not sensitive to 

frequency and volage 

changes

✓ A steady state is achieved 

before breaker opening

✓ Amount/direction of the flow 

over Breaker can be adjusted 

using generation from A & B 

and load to achieve various 

operating points and desired 

under-frequency and over-

frequency events. 

Opening the breaker 
at time of t0 

Reference: Quantifying Synthetic Inertia from GFM BESS

https://aemo.com.au/-/media/files/initiatives/engineering-framework/2024/quantifying-synthetic-inertia-from-gfm-bess.pdf


Scenarios considered 

Operating points

• 11 different operating points

• Charging and discharging 
modes

• Over and under-frequency 
events
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Frequency control is disabled to avoid its confounding effect on the 

synthetic inertia quantification.  

Contingency size/RoCoF

• 3 different contingency 
sizes resulting in different 
RoCoF values

Two site-specific projects of similar size but different inertia settings and overload capabilities are considered.
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1.Pre-disturbance operating point
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DischargingCharging

with an increase in pre-disturbance operating points in discharging mode, 

the synthetic inertial contribution of GFM BESS starts to decline

Under-frequency event



2.Contingency size/RoCoF
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Under-frequency event
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Large contingency (1 pu), medium contingency (0.75 pu), and small contingency (0.5 pu) - with respect to plant’s MW base.
 The contingency size of 1 pu results in RoCoF values 1.2 to 2 Hz/s measurend over 500 ms. 

With increase in contingency size/RoCoF, inertia level starts to decline at lower operating points

DischargingCharging
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3.Fast frequency response
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Charging Discharging

The FFR has a confounding impact on the quantification of synthetic inertia provided by a GFM 

BESS particularly when pre-disturbance operating point is away from its active power limit 

Under-frequency event

FFR: Fast frequency response



Synthetic inertia of GFM BESS

• Synthetic inertia of a GFM BESS is likely to vary depending on factors such as its 
operating point and contingency size/RoCoF.

• When GFM BESS is operating at lower pre-disturbance operating points (i.e. closer to 
zero active power), it would have sufficient headroom to provide synthetic inertial response.

• A larger contingency size in conjunction with higher operating points can increase the 
likelihood GFM BESS reaching its current limit, and thus reducing the inertial contribution 
from the GFM BESS. 

• Frequency control (in particular FFR) can have confounding impact on the quantification 
of synthetic inertia provided by a GFM BESS. Therefore, when quantifying the synthetic 
inertia of GFM BESS, FFR should be disabled to calc late the ‘bare-    ’ synthetic inertia.
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Synthetic inertia
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A typical synthetic inertia capability curve for GFM BESS

Reference: Quantifying Synthetic Inertia from GFM BESS

Unlike synchronous inertia, which is a physical property and a constant 

number, synthetic inertia is a control-driven response and may not be a 

constant value.

https://aemo.com.au/-/media/files/initiatives/engineering-framework/2024/quantifying-synthetic-inertia-from-gfm-bess.pdf


Classification of quantification methods

30Reference: A Classification for Synthetic Inertia Quantification Methods with Practical Recommendations

Future work on synthetic inertia
• Numerical comparison of existing methods
• Network conditions, (weak to strong grid 

conditions) on the synthetic inertia provision
• Interaction of adjacent IBRs while providing 

synthetic inertia 
• Geographical spread of synthetic inertial 

response in the network
• The ratio of synchronous to synthetic inertia in 

the system

https://ieeexplore.ieee.org/document/11180377


Ongoing work on GFM
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2025 Forward plans

System strength – 
minimum fault level

AEMO commissioned 2 consultant reports
AEMO survey of TNSP protection

AEMO studies and HIL testing (Eng Roadmap)

System strength – stable 
voltage waveform

TNSP multi-GW pipeline in RIT-Ts
AEMO quantify contributions (Eng Roadmap)

Synthetic inertia AEMO studies 
AEMO Inertia Network Services Specification

TNSP procurement as of 2 Dec 2025 (ISF)

System restart AEMO Type 2 Transitional Service

2025 Forward plans

Standards AEMO simulation tests against GFM 
Voluntary Specification

AEMC Access Standards Review

Trials AEMO Statements of Need for Type 2 
Transitional Services



AEMO Research Priorities 
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Reference: AEMO Research Priorities

https://www.aemo.com.au/-/media/files/initiatives/research-priorities/aemo-research-priorities-2025.pdf?rev=e08cbb5c4dcd4263ad0ea3657761f37c&sc_lang=en


Summary
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▪ Future-back analysis to enhance understanding of the needs of a low-carbon power system.

 

▪ Timely investments are needed to decouple reliance on coal generators for system security 

– enabling the next phase of the energy transition.

System security is a shared responsibility

Network 
Service 

Providers

Market 

participants
AEMO Consumers

Research 
communityInvestorsRegulators

Policy 
Makers



For more information visit 

aemo.com.au
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