Operational
experiences with
distributed PV in

Australia
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About AEMO

« AEMOis 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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30min Generation Type / Operational Demand

South Australia minimum operational demand record

1,500 MW
1.250 MW 102% of SA demand
supplied by distributed
1,000 MW A\ PV
750 MW
500 MW New SA minimum operational
demand record: -26 MW at
SERRG 13:30 31/12/23
0 MW
-250 MW
-500 MW

02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

Rooftop Solar ~ Grid Solar © Wind @ Liquid Fuel @ Battery Storage @ Gas  Import = - Operational Demand



Learnings to date

Technical performance standards

e Disturbance ride-through capabilities — ensure suitable standards

e Compliance — measure & ensure suitable governance

Dispatchability

e Emergency backstop capability — Early:implement simple ability to curtail active power & ensure suitable compliance
e Integration into scheduling and dispatch — iterate towards more sophisticated capabilities (but start simple and learn by doing)

Visibility

e Data— start collectingearly & ensure accurate
* Models — determine inputs required for development

Roles and responsibilities evolving

e Original Equipment Manufacturers (OEMs) — criticallyimportant, escalated engagementinto new functions
e Customer metering — new capabilities? Governance challenges

Cybersecurity

e Growingconcern



Distributed PV (DPV) shake-off

* Up to 40% of DPV in a region can disconnect in response to a fault

s Example disturbance in South
Australia (3 March 2017)

* If unaddressed, major
security issues
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AEMO (April 2023) Compliance of Distributed Energy Resources with Technical Settings
AEMO (Dec 2023) Compliance of Distributed Energy Resources with Technical Settings: Update 6

system disturbances



https://aemo.com.au/-/media/files/initiatives/der/2021/capstone-report.pdf?la=en&hash=BF184AC51804652E268B3117EC12327A
https://aemo.com.au/-/media/files/initiatives/der/2021/capstone-report.pdf?la=en&hash=BF184AC51804652E268B3117EC12327A
https://aemo.com.au/-/media/files/initiatives/der/2021/capstone-report.pdf?la=en&hash=BF184AC51804652E268B3117EC12327A
https://aemo.com.au/-/media/files/initiatives/der/2023/compliance-of-der-with-technical-settings.pdf?la=en&hash=FC30DF5A3B9EF853093709012242D897
https://aemo.com.au/-/media/files/initiatives/der/2023/oem_compliance_report_2023.pdf?la=en&hash=E6BEA93263DE58C64FCC957405808CA6

Incident: 12-19 Nov 2022

« 12 November 2022: Severe weather leading to synchronous separation of SA
» Operated majority of SA as an island until 19 November 2022

* Included operation through some
periods of high generation from DPV

* Necessitated 400-600 MW of DPV
curtailment

« Main reason was to manage frequency
impacts of possible DPV shake-off in
response to a fault

« ~2/3 of the response via Enhanced
Voltage Management (increase
distribution voltages to reduce DPV
generation)

* Poor compliance with “Smarter
Homes” requirements
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* Only ~40% response rate

» Biggest erosion of response is from
incorrect commissioning).

* Working with OEMs to improve. AEMO (May 2023), Trip of South-East—Tailem Bend 275kV lines on 12 November 2022 7



https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2022/trip-of-south-east-tailem-bend-275-kv-lines-november-2022.pdf?la=en&hash=A89F330CF6C979E52EF15EB86E5CF058

Active DER management

Different kinds of active DER management required:

DER market integration
e Used regularly

* More sophistication required — iterate towards this
* Focus on managing customer exports

Emergency backstop capability

e Used rarely, last resort

e Canbesimple

* Large MW capability required

e Turn DER fully off if needed DPV

* Need early shedding

Load
shedding

Normal market operation




Visibility
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* Device-level
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devices (1-5s resolution,
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AEMO (May 2021) Behaviour of distributed resources
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AEMO (Oct 2021), Trip of multiple generators and
ines in C : ) .
frequency load shedding on 25 May 2021


https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2021/trip-of-multiple-generators-and-lines-in-qld-and-associated-under-frequency-load-shedding.pdf?la=en&hash=F873AE26F7540FCE817AD193BAFD07D9
https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2021/trip-of-multiple-generators-and-lines-in-qld-and-associated-under-frequency-load-shedding.pdf?la=en&hash=F873AE26F7540FCE817AD193BAFD07D9
https://aemo.com.au/-/media/files/electricity/nem/market_notices_and_events/power_system_incident_reports/2021/trip-of-multiple-generators-and-lines-in-qld-and-associated-under-frequency-load-shedding.pdf?la=en&hash=F873AE26F7540FCE817AD193BAFD07D9
https://aemo.com.au/-/media/files/initiatives/der/2021/capstone-report.pdf?la=en&hash=BF184AC51804652E268B3117EC12327A
https://aemo.com.au/-/media/files/initiatives/der/2021/capstone-report.pdf?la=en&hash=BF184AC51804652E268B3117EC12327A

For more information

https://aemo.com.au/initiatives/major-programs/nem-distributed-energy-resources-der-

progra m/operations

aemo.com.au/initiatives/major-programs/nem-distributed-energy-resources-der-program/cperations

ACCESS MARKET PORTALS ~

&QAEMO Energy systems  Initiatives  Consultations  Library  Learn  MNewsrcom  About @

AEMO  » INITIATIVES « MAJOR RAMS » DISTRIBUTED ENERGY

° Distributed Energy Resources Program

About the DER Program >
Markets and Framework +
DER Demenstrations +
DER Operations -

DER behaviour during disturbances
Power system model development

DER integration and maintaining

power supply

Adapting and managing Under
Frequency Load Shedding at times

of low demand

Standards and connections +

CALENDAR tlfj CAREERS CONTACT c- MARKET NOTICES Q SUBSCRIBE E

DER Operations

The Operations workstream addresses the operational impacts of increasing levels of DER
penetrating the electricity grid.

Its objectives are to ensure the operational systems are in place to maintain energy system

security with regards to:

Understanding how distributed resources behave during disturbances -
Developing power system models of DER and load behaviour -
Managing emerging system security challenges relsted to DER integration into AEMO's 5
operations

N

Adapting Under Frequency Load Shedding at times of low demand

Findings and references in each area are summarised in the relevant sub-page.

Work is also conducted in collaboration with transmission and distribution network service
providers, state governments, DER product manufacturers and regulators, this work will
benefit Australian energy consumers as they continue to access a safe, secure and reliable
energy supply, generated increasingly by Distributed Energy Resources. Some key
collaborations partners include:
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https://aemo.com.au/initiatives/major-programs/nem-distributed-energy-resources-der-program/operations
https://aemo.com.au/initiatives/major-programs/nem-distributed-energy-resources-der-program/operations
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AEMO

AUSTRALIAN ENERGY MARKET OPERATOR

For more information visit
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