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Executive Summary

The Coordinator of Energy (Coordinator), in consultation with the Market Advisory Committee
(MAC), is conducting a review of the Power System Security and Reliability (PSSR) Standards in
the South West Interconnected System (SWIS) (PSSR Standards Review).

The purpose of the PSSR Standards Review is to implement the Energy Transformation Taskforce’s
recommendation to develop a consistent, single end-to-end PSSR Standard for the SWIS under a
centralised governance framework. This revised framework will be implemented in the Electricity
System and Market Rules (ESM Rules)™.

The PSSR Standards Review is being carried out in four stages:

e Stage one involved a comprehensive review of the various PSSR related provisions across
Western Power’s Technical Rules, the Network Quality and Reliability of Supply Code 2005
(NQRS Code), the Electricity Networks Access Code 2004 (ENAC) and the ESM Rules. This
included relevant standards, their governance arrangements, and the applicable monitoring,
compliance and enforcement framework.

e Stage two involved considering any gaps, duplications, overlaps and inconsistencies in the
existing standards and their governance arrangements.

e Stage three involved developing proposals for an end-to-end PSSR Standard governed by
the Coordinator under the ESM Rules.

e Stage four will deliver the detailed design and Amending Rules, including any necessary
transitional arrangements.

The MAC has constituted the PSSR Standards Working Group (PSSRSWG) to support the PSSR
Standards Review. More information on the PSSR Standards Review is available from the Energy
Policy WA (EPWA) website, including the Scope of Works for the review, the Terms of Reference
for the PSSRSWG, papers for the PSSRSWG and relevant MAC meetings, and detailed minutes for
each meeting.

! The Electricity Industry Regulations Amendment (Distributed Energy Resources) Regulations 2025 commenced in
February 2025. These regulations rename the Wholesale Electricity Market (WEM) Rules to the ESM Rules.

P
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Proposals and rationale

Proposal

Rationale

Section 3.1 — Network planning standards for PSSR

Proposal 1

The planning standard for Western Power as the Network Operator to
include both customer outcome standards and deterministic
standards such that:

¢ The customer outcome standards be implemented as obligatory
standards in the ESM Rules, with effective incentive mechanisms
determined as part of the access arrangement process, and the
deterministic standards be included to provide guidance to the
network design process.

e The customer outcome standards to be set on a locational basis.

e Specific measures for customer outcome standards will be
consulted on a later date.

e The customer outcome standards will be reviewed by government
on a regular basis (3-5 yearly).

EPWA considers that it is appropriate to retain the deterministic
criteria in the ESM Rules, as it should continue to provide guidance
for network investment decisions. However, the requirement for the
Network Operator to seek an exemption from the ERA to deviate from
these standards should be removed. This will ensure there is
transparency and guidance on when network augmentation must be
considered, but make it clear that this standard does not create an
obligation to invest where that investment does not contribute to
improving consumer outcomes.

The use of customer outcome standards as the obligatory standard
will guide investment for customer groups not adequately serviced by
the deterministic standards and require Western Power as the
Network Operator to respond to locations with higher than standard
equipment failure rates.

Harmonisation of the customer outcome standards which are currently
dispersed between the NQRS Code and Access Arrangement will
improve clarity about expected network performance.



Section 3.2 — The User Facility Standards Framework

Proposal 2 — User categorisation framework

A revised facility categorisation framework will be implemented in the
ESM Rules, comprising of:

e Large User Technical Standards: (Energy Producing Systems
(incl. Electric Storage Resources (ESR)) >10MVA, Synchronous
Condensers);

e Medium User Technical Standards (Energy Producing Systems
(incl. ESR) <10MVA);

e Loads (other than stand-alone ESR); and

¢ Small User Technical Standards (equipment connected to the low
voltage network).

Combining the existing connection standards that apply to facilities
connected to the network, into a consolidated and consistent User
Facility Standards framework in the ESM Rules will require a new end-
to-end categorisation framework.

On this basis, EPWA considers that the facility categorisation
framework should retain the core of the existing ESM Rules, while
leveraging previous analysis undertaken as part of the Western Power
Technical Rules Submission to the ERA in 2023. This approach is
agnostic between the HV and MV parts of the network, with only a
distinction for LV network (defined as 415V), and balances obligations
with PSSR risks through setting a 10MVA threshold, while providing
for the treatment of ESR when charging and discharging.



Proposal 3 — Application of standards to each category of users

e The Ideal Generator Performance Standard will be renamed the
“Automatic User Performance Standard”.

e The Common Requirements for all users will be based on the
section 3.2 of the 2023 proposed Technical Rules.

e The following user facility standards will apply to each category of
user:

e Large User Facility Standards: Current ESM Rules Appendix
12 standards will apply (subject to proposals 6-11), with a
framework to negotiate between Automatic User Performance
Standards and Minimum User Performance Standards, as per the
current Chapter 3A and Appendix 12 negotiation framework;

¢ Medium User Facility Standards: Common Requirements and
Minimum User Performance Standards (as per the 2023
proposed Technical Rules) would apply with no ability to
negotiate;

e Loads: requirements aligned with section 3.4 of the 2023
proposed Technical Rules would apply with no ability to negotiate;
and

e Small User Facility Standards: requirements aligned with
sections 3.7 and 3.8 of the 2023 proposed Technical Rules will

apply.

Proposal 4 — Point of compliance with user facility standards and
hybrid facilities

e The Network Operator will be required to document in a WEM
Procedure, in accordance with principles set out in the ESM
Rules, the circumstances in which compliance at a point other
than the Connection Point will be required. Compliance will only
be permitted to be assessed at either the Connection point(s) or
the alternative point(s) for facility i.e. not at both.

e Hybrid facilities that have the control and protection systems in
place at all times to ensure their operation will not have a PSSR
impact on the rest of the system will be treated as loads under the
new User Facility Standards categorisation framework.

Defining which standards apply to specific facilities, and how, is critical
to balancing the efficiency of the energy transition with the resources
and time required for implementation. These standards can
significantly influence investment decisions for new facilities.

It is considered that the proposed application of standards to each
category of users seeks to balance managing PSSR risks with not
imposing onerous technical requirements on proponents.

EPWA has received feedback from market participants that the ability
of Western Power (as the Network Operator) and AEMO to define
compliance at locations not at the Connection Point, without any
associated guidance, have created confusion and delay within the
current GPS registration process.

This proposal seeks to provide more certainty to proponents.



Proposal 5 - Governance of the user facility standards
framework

The existing governance framework will remain primarily the same,
some modifications will be made to:

ensure guidance on which facilities <10MVA are captured by the
Large User Technical Standards framework;

ensure AEMO is consulted on the Performance Standards for
such facilities in the way it is currently consulted under Chapter
3A of the ESM Rules for Transmission Connected Generating
Systems;

require AEMO to engage directly with proponents to resolve
issues if the Network Operator agrees to a negotiated position but
AEMO does not and the Network Operator requests that AEMO
do so; and

expand the number of facilities who are required to have a
monitoring plan registered with AEMO to include facilities that:
are not currently captured by the ESM Rules GPS framework; and
will be captured by the Large User Technical Standards under the
revised framework.

For future connections, where connection standards are negotiated
between participants and the Network Operator, these negotiated
standards will be made public.

Assessment of the governance arrangements for the user facility
standards found that it was largely fit for purpose. This proposal
retains the core of this framework, with some minor improvements
needed to be made and some consequential amendments needed as
a result of proposals 2 to 4 and 6-11

EPWA considers that the publication of the negotiated user standards
will provide greater transparency and facilitate negotiations between
users and the Network Operator/AEMO.



Section 3.3 — Suitability of Technical Requirements (connection standards) for new technologies

Proposal 6 — Withstand Short Circuit Ratio (SCR)
Include the following in the ESM Rules with regard to withstand SCR

A Minimum User Performance Standard for withstand SCR of 2.0
(grid-forming IBR) and 3.0 (grid-following IBR)

An Automatic User Performance Standard for withstand SCR of
1.2 for grid-forming IBR. No Automatic User Performance
Standard for grid-following inverters.

A provision for grid-following inverters that allows for a facility that
is not capable of meeting the Minimum User Performance
Standard to connect if there are legally binding commitments to
make additional investment in the facility or for the supply to it of
services to remedy, at the proponent’s cost, the shortfall in
capability, either on connection or in agreed circumstances,
together with operational arrangements agreed with the Network
Operator that apply when the investment or services have not yet
been made or are not available.

A requirement that settings used must not be different to the
setting required for compliance with other Technical
Requirements unless otherwise agreed with AEMO and the
Network Operator.

Clarification that continuous uninterrupted operation is not
required when the SCR falls below the withstand SCR.

Practical experience gained from connecting grid-forming IBR in
Australia and worldwide indicate that they can withstand lower SCR
values relative to the grid-following IBR and this difference in capability
shall be accounted for in developing SCR-related Technical
Requirements for each.

As such, the objective of the recommendation is to ensure different
types of facilities remain stable and connected in the future when a
reduction in SCR is likely to be seen due to the retirement of existing
synchronous generators.



Proposal 7 — Voltage phase angle jump

Require:

Grid-following inverters to withstand an angle jump of less than
25 degrees.

A Minimum User Performance Standard for grid-forming inverters
to withstand an angle jump of less than 60 degrees and supress
the phase angle jump with a response time of 20ms or lower.

All inverter-based Generating Systems and each of their
Asynchronous Generating Units to remain in operation for any
change in the phase angle of individual phases caused by
occurrence and clearance of balanced and unbalanced faults,
provided that the positive sequence angle change does not
exceed the Minimum User Performance Standard.

The objective of this requirement is to ensure that the facility does not
have any protection, control, or electrical, thermal or mechanical
susceptibilities which might result in its disconnection for a plausible
change in voltage phase angle jump under credible contingency
events.



Proposal 8 — Active and reactive current response during and | The objective of the revised Technical Requirements for active and
reactive current is to:

after contingencies

Introduce new definitions for:

- Sustainment Time;
- Adequately Controlled; and
- Commencement Time

Behaviour at current limitation: Specify the behaviour of grid-
forming IBR when operating above its maximum continuous
current.

Injection ratio: Revise Minimum User Performance Standard for
IBR from 2% to 0%.

Speed of response: Amend clauses A12.9.2.7 and A12.9.3.7 to
remove the term ‘Settling Time’ and replace with
‘Commencement Time’ and specify new values for
Commencement Time and Rise Time in each clause.

Total current: replace the current term ‘reactive current’ in clause
A12.9.1.6(a) and introduce a new requirement on ‘total current’
contribution for both grid-following and grid-forming IBR.
Negative Sequence Current Control: Remove sub-clause
A12.9.1.6(c) and add new criteria to the Minimum and Automatic
User Performance Standards requiring grid-following and grid-
forming IBR to inject negative sequence current during
unbalanced faults leading the negative sequence voltage by at
least 90° and specify prioritisation between positive and negative
sequence currents during faults.

Frequency of current injection: Amend clause A12.9.1.6 to add
a new requirement under the Minimum and Automatic
Performance Standards requiring that, during the fault, injection
of active and reactive current from the Generating System and
each of its Asynchronous Generating Units must have a
fundamental frequency component same as the fundamental
frequency of the terminal voltage.

Fault ride through activation threshold

ensure that sufficient reactive current injection/absorption can be
provided during contingency events (faults) commensurate with
system needs at the specific Connection Point to aid system
voltage recovery; and

to ensure a fast recovery of active current/power following
disturbance clearance.



- Amend clauses A12.9.2.5 (Automatic User Performance
Standard) and A12.9.3.5 (Minimum User Performance
Standard) to use voltage activation thresholds of 85% and
115% for Automatic User Performance Standard as opposed
to 80% and 120% for the Minimum User Performance
Standards.

- Amend clauses A12.9.2.5 and A12.9.3.5 to replace the term
‘voltage at the Connection Point’ with ‘positive sequence
voltage at the Connection Point’.

Long duration faults

- Amend clause A12.9.3.7 to lower the fault duration for which
the response must be sustained and held near constant from
2 seconds to 450 ms.

- Replace the term ‘adequately damped’ with ‘adequately
controlled’ in clauses A12.9.3.7 and A12.9.3.8.

Active Current Response During and After Contingencies

- Replace the term ” after clearance of the fault” with “ after
the end of the disturbance” in subclauses A12.9.2.5(b) and
A12.9.3.5(b) for both grid-following and grid-forming inverters.

- Amend subclause A12.9.2.5(b) for grid-forming inverters to
specify a different level of active power that must be supplied
to or absorbed from the network from 100 ms after the end of
the disturbance (see consultation questions below).

Oppose fast changes in voltage magnitude: Amend clause
Al12.9.2.5(a) for grid-forming IBR to add a requirement for
equipment covered in that clause to be capable of reducing the
sensitivity of voltage magnitude to a given change in current
within 20ms after the disturbance, as compared to when the
facility was not connected.



Proposal 9 — Disturbance ride through for multiple disturbances

Amend the following clauses as follows to improve clarity on
disturbance ride through for multiple disturbances as follows:

Amend clause A12.9.1.4 to include a definition of when individual
deviations end for use in assessing multiple disturbances.
Amend clauses A12.9.2.3 and A12.9.3.3 (the Automatic and
Minimum User Performance Standards) to provide more clarity
on the circumstances in which a facility must remain in continuous
uninterrupted operation;

Introduce a new clause A12.9.4.2, that allows for a negotiated
Performance Standard to include the required response of a
Generating System for each combination of power system
disturbances or conditions specified in Appendix 12 (which should
be as close to continuous uninterrupted operation as is
reasonably practicable); and

Add a definition for ‘end of the disturbance’.

Including more detail on the circumstances under which continuous
uninterrupted operation must be maintained in the ESM Rules in a
similar manner will be more helpful to all parties in the connection
process. It will provide Western Power and AEMO with a clearer
understanding of a facility’s limitation such that it can be included in
their power system operations and planning studies and facilitate
compliance connection applicants.



Proposal 10 — Damping of power system oscillations

With regard to grid-forming inverters, add a new clause A12.4.3.8
which states that the Minimum User Performance Standard is as
follows:

The Generating System must have Equipment capabilities and
Control Systems, including, if necessary, a power system stabiliser,
sufficient to ensure that:

o operation of the Generating System does not degrade the
damping of power system oscillations; and

e operation of the Generating System does not cause instability or
poorly damped oscillations that would adversely impact the SWIS
power system or other Equipment connected to the SWIS.

AEMO and the Network Operator will specify a frequency range of
oscillations consistent with the bandwidth of control systems for which
the above requirements will apply. An upper frequency limit of 300 Hz
will be applied unless sufficient evidence is provided to AEMO and the
Network Operator regarding the actual bandwidth of the converter
control.

Proposal 11 - Partial load rejection

Adopt changes to the definition of continuous uninterrupted operation
and clause Al12.6.1.5 to recognise potential beneficial responses,
such as active power response opposing phase angle jumps and
primary frequency response, including inertial response opposing
frequency changes.

A key advantage of grid-forming inverters is that they are not expected
to cause or exacerbate any oscillations in the sub- or super-
synchronous frequency range even under low system strength
conditions. This is a core capability of the technology that can be
provided alongside other capabilities. As such it is recommended to
be considered as a Minimum User Performance Standard with no
Automatic User Performance Standard.

The proposed changes to the definition of continuous uninterrupted
operation to recognise potential beneficial responses, such as active
power response opposing phase angle jumps and primary frequency
response including inertial response opposing frequency changes.
The absence of any allowance for such responses may disincentivise
their provision, despite being beneficial to power system operation.

The proposal modifies the definition of continuous uninterrupted
operation and relevant User Performance Standard clauses to permit
inherent or programmed responses opposing voltage phase angle
jumps and frequency changes, including inertial response during
disturbances. It also removes impediments and speeds up connection
process for grid-forming inverters, since inertial response is
programmed in grid-forming inverters rather than inherent.



Section 3.4 — SWIS System Strength Framework

Proposal 12 — Revised system strength definition

The following definition of system strength will be implemented in the
ESM Rules:

System Strength: Relates to the ability of the power system to resist
changes to the voltage waveform in a particular location, both during
steady state operation and following a disturbance, including, but not
limited to, a sudden change in a Load or an Energy Producing System,
the switching of a Network element, tapping of transformers and faults.

Proposal 13 — A future fleet outlook for use in fault level
assessments

AEMO, EPWA and the Network Operator to align on a forecasting
approach, in consultation with interested stakeholders through public
consultation. This approach should include the methodology, inputs,
assumptions, and scenarios necessary for the determination of an
expected 10-year generation and ESR capacity outlook on an annual
basis.

This fleet mix should reflect capacity (i.e. MW), technologies (e.g.
gas/wind/solar) and broad locations (e.g. regions).

The revised System Strength definition harmonises the current WEM
definition with the proposed AEMC definition to capture both locational
considerations, and the need to capture steady state operating and
disturbances.

Forecasting fault levels across the SWIS (on a nodal basis) requires
a forecast of the expected fleet. This forecast should take into account
the likely fleet given:

The ESS requirements in the WEM (in particular the RoCoF
Control Service requirements); and

The investment likely to meet minimum fault levels for network
protection.

EPWA considers it necessary that EPWA, AEMO and the Network
Operator to align on a forecasting approach to be used to determine
a 10-year generation and ESR capacity outlook on an annual basis
This approach is intended to provide all stakeholders with the
information required to carry out fault level forecasting activities.



Proposal 14 — Maintaining minimum fault levels required for
network protection

The Network Operator will be required to:

e develop and publish a methodology for calculating minimum fault
level requirements at each transmission node;

e compare the minimum fault level requirements with the expected
fault level at each node as part of the TSP each year, using the
fleet outlook and the demand forecast, as part of the System
Strength calculation; and

e resolve any forecast shortfalls through network reinforcement or
non-network solutions (e.g. competitive NCESS procurement), as
necessary.

Proposal 15 — A centralised planning/investment function for
system strength to facilitate new connections

The Network Operator will be required to forecast shortfalls in system
strength required to host the expected portfolio of inverter-based
resources on the system, and to take steps to procure services that
can address these shortfalls through competitive mechanisms (using
the NCESS framework).

Provisions will be incorporated into the ESM Rules to determine
whether generator settings continue to meet a test for ongoing
suitability, and allow the Network Operator and/or AEMO to request
that settings are retuned as appropriate through a streamlined
process.

Forecasting and managing system strength issues is becoming
increasingly important to maintain a secure power system.

Providing transparency in the methodology and calculations for
calculating minimum fault level requirements at each transmission
node, and associated shortfalls, will provide confidence to industry
that any investments being made are prudent.

There is significant investment into network infrastructure needed to
unlock capacity for new generation and ESR facilities, and there a
similar need to invest in system strength services to support the
expected fleet. With the current lead times for technology such as
synchronous condensers, adopting a ‘connect and manage’ approach
where issues are only addressed as facilities seek to connect may
mean the pool of potential solutions becomes more limited.

EPWA considers that a centralised framework that requires
investment to ensure sufficient system strength to meet an expected
fleet of inverter-based resources will provide planning certainty for
both the Network Operator and proponents seeking connection. This
will also assist in unlocking constraints on cheaper forms of generation
or ESR that may otherwise not enter the market. It will allow for a
holistic approach that achieves the lowest whole of system cost.



Section 3.5 — Coordinating assumptions and inputs for forecasting

Proposal 16

To achieve a coordinated approach to forecasting inputs and
assumptions, a collaborative process between the parties responsible
for forecasting (EPWA, AEMO and the Network Operator) should be
established, with general rules included in the ESM Rules to guide the
parties towards effective collaboration.

Section 3.6 — Ride through requirements for network elements

Proposal 17

Apply the facility ride through requirements, for the definitions relating
to disturbances of the current ESM Rules Appendix 12.7- 12.9, on
network elements with appropriate supporting text to clarify that this
standard does not apply to:

e Faulted primary equipment disconnected under the requirements
of the current Technical Rule section 2.9.

e The operation of the Load Shedding requirements of the current
Technical Rule clause 2.3.2 and section 2.4.

e elements of the network that are designed to trip as part of a
scheme (e.g. protection scheme or generation runback scheme).

Forecasts are required to support the application of many PSSR
standards, and the assumptions and inputs used in the forecasting
process can have a material impact on PSSR and consumer cost
outcomes.

For the end-to-end PSSR standard to work effectively, consistent
inputs into forecasting are essential. It is considered that this proposal
would allow for a more flexible and adaptive problem-solving approach
for the parties responsible for forecasting, supporting the need for
greater collaboration between them, while achieving appropriate
coordination on forecasting inputs/assumptions for PSSR.

It will allow consideration of matters such as national assumptions for
decarbonisation, multi-sector modelling and the Inputs, Assumptions,
Scenarios and Methodology document produced in accordance with
proposal 13.

The inability of the network to remain connected and operational
during system disturbances can potentially have a significant impact
on system security.

EPWA considers it appropriate that the same ride through
requirements are applied to network elements as those that are
applied to generation facilities. This approach also aligns with the
overarching aim of this review to ensure uniformity across all facilities
as these are integrated under one consistent framework, as part of the
new ESM Rules, while also providing proactive mitigation of PSSR
risks.



Section 3.7 — Customers’ ability to negotiate or change their level of reliability through non-reference services

Proposal 18

The ESM Rules will provide clarity on which customer outcome
standards can be modified as part of a hon-reference service, and any
agreed modifications will be published.

Should conditions change such that the customer can be provided the
reference level of reliability as per the customer outcome standards,
the register will be adjusted to reflect this.

Section 3.8 — Governance of PSSR Standards

Proposal 19

Governance arrangements that reflect the relevant recommendations
in the Energy Transformation Taskforce PSSR Standards Framework
Information Paper will be implemented.

Customers can request non-reference services under the ENAC and
Western Power has implemented this for larger customers if the cost
of the required control systems can be warranted. The customer
request is typically to avoid significant capital contributions required to
deliver the standard level of reliability required by the PSSR outcome
standards.

This proposal will increase transparency and provide clarity for which
modifications are available to customers interested in a non-reference
service.

The proposed governance arrangements adhere to the key foundation
principles for the governance of the PSSR Standards Framework set
out by the Energy Transformation Taskforce. These arrangements are
intended to align the framework, the roles and responsibilities and
ensuring a cohesive and harmonised approach.

Section 3.9 — Adopting Western Power September 2023 Proposal Technical Rules Amendments

Proposal 20

Adopt the Western Power proposed solutions from the September
2023 Submission to the ERA for PSSR related matters not already
considered under other proposals in this Review.

Western Power identified issues with the current security and reliability
framework in its September 2023 submissions to the ERA. The PSSR-
related issues and proposed solutions highlighted by Western Power,
which are not addressed in the consolidated proposals within this
paper, will be adopted with some amendments.

It is considered important to leverage the work already undertaken by
Western Power, as these proposals align with the intended guiding
principles and the broader PSSR Standards reform in this Review.



1. Introduction

The Coordinator of Energy (Coordinator), in consultation with the Market Advisory Committee
(MAC), is conducting a review of the Power System Security and Reliability (PSSR) Standards in
the South West Interconnected System (SWIS) (PSSR Standards Review).

The purpose of the PSSR Standards Review is to implement the Energy Transformation Taskforce’s
recommendation to develop a consistent, single end-to-end PSSR Standard for the SWIS under a
centralised governance framework. This revised framework will be implemented in the Electricity
System and Market Rules (ESM Rules)?.

1.1 A consistent, single, end-to-end PSSR Standard for the
SWIS

1.1.1 Current PSSR Standards framework

The PSSR Standards are a set of technical rules intended to maintain power system security and
reliability. The PSSR Standards for the SWIS and their governance frameworks currently comprise
requirements and obligations across several regulatory instruments, namely the ESM Rules,
Western Power’s Technical Rules, Electricity Industry (Network Quality and Reliability of Supply)
Code 2005 (NQRS Code) and the Electricity Networks Access Code 2004 (ENAC).

This existing framework has a number of deficiencies, as there is duplication, gaps and overlaps
across the different regulatory instruments, with each having its own change management and
governance processes, which do not require consideration of the other instruments.

Table 1 provides a high-level summary of the existing PSSR instruments which apply in the SWIS,
while a more detailed record of all the PSSR mechanisms can be found in Appendix A.

Table 1: Existing PSSR instruments

Instrument PSSR related content

e ESM Rules The operation of security constrained economic dispatch.
(and WEM ° Securing sufficient capacity to meet peak demand through the Reserve
Capacity Mechanism (RCM).

procedures) _ .
e The connection standards for transmission connected market generators.
e ENAC e Timing and size of network investment to meet Technical Rules
requirements (through the Access Arrangement process).
e Technical Role definitions and general obligations for the application of PSSR
Chapter 1)
Rules ( .
e The PSSR outcomes to be delivered to Users across the network (Chapter
2)
e User Facility Standards for loads and distribution connected generators
(Chapter 3)

e Inspection, testing and auditing requirements (Chapter 4)
e Transmission System Operation and Coordination (Chapter 5)

2 The Electricity Industry Regulations Amendment (Distributed Energy Resources) Regulations 2025 commenced in
February 2025. These regulations rename the Wholesale Electricity Market (WEM) Rules to the ESM Rules.
A
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Instrument PSSR related content

« NORS e The planni'ng for, a}nd implementation of, manual switching in the distribution
Code network with requirements for outage notices.
e Specific circumstances in which the Network Operator is required to enter
contracts for non-network services to maintain supply availability.
e Service standard benchmarks for quality and reliability.

1.1.2 The importance of having a consistent and coordinated system

A consistent and coordinated approach to PSSR Standards in the SWIS is essential to avoid
ambiguity and ensure alignment among the parties involved in system planning and operations.

As part of the Energy Transformation Strategy (ETS), the ETS Taskforce (the Taskforce) identified
a number of deficiencies and oversaw several changes to the existing regulatory instruments to
make urgent and critical improvements. In April 2021, the Taskforce made the following
determination for more comprehensive reform?:

“A centralised framework will be implemented to provide for the regulation and governance
of a single end-to-end PSSR Standard for the SWIS, including the establishment of:

a single instrument containing all relevant PSSR Standards.

a centralised governance framework under the Coordinator of Energy, supported by a
Reliability and Security Advisory Panel.

Legislative reform should be recommended to the Minister for Energy by Energy Policy WA
to enable the implementation of the centralised framework in an appropriate regulatory
instrument.

An interim Joint Agreement Framework for specific PSSR Standards will be established
through changes in WEM Rules and Technical Rules to ensure security and reliability is
maintained during the development of a longer term, single set of PSSR Standards under a
centralised governance.”

The Taskforce considered that this would align the PSSR Standards, streamline the roles and
responsibilities of the entities managing power system security and reliability in the SWIS, and
ensure end-to-end consistency is maintained as the standards are established or modified.

Further, the Taskforce considered that the determination of a single governance entity would ensure
that relevant economic factors, customer needs and state development needs are balanced
effectively in the evolution of the PSSR Standards.

1.1.3 Legislative reforms to enact the Taskforce recommendations

Amendments to primary legislation were required to implement the Taskforce’s recommendations,
as the Electricity Industry Act 2004 (EI Act) did not empower any single instrument to contain all the
PSSR related provisions.

The Electricity Industry Amendment (Distributed Energy Resources) Act 2024 (DER Act), passed
by State Parliament in March 2024, made amendments to the EIl Act and other legislative instruments
which govern the energy sector.

3 Refer to: www.wa.gov.au/system/files/2021-04/Power System Security and Reliability Standards Framework 0.pdf

P

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW



https://www.wa.gov.au/system/files/2021-04/Power%20System%20Security%20and%20Reliability%20Standards%20Framework_0.pdf

The DER Act amended the El Act to introduce an overarching objective — the State Electricity
Objective (SEO), requiring decision-makers to consider reliability, price, and, for the first time, the
environment, including greenhouse gas emissions.

Amendments to the EI Act made by the DER Act changed the WEM Rules to the ESM Rules to
reflect their expanded range. The ESM Rules will continue to address the operation of the WEM and
contain consolidated and future-focused rules governing the electricity system in the SWIS. The
scope of the ESM Rules has been expanded (relative to the WEM Rules) to allow it to address
matters contained in:

the ENAC, made under Part 8 of the El Act;

the Technical Rules, made under Chapter 12 of the ENAC,;

the Electricity Industry (Metering) Code 2012, made under Part 2 of the El Act; and
NQRS Code, made under Part 2 of the El Act.

These instruments will be moved across to the ESM Rules over the coming years and consolidated
into a centralised framework with considerations for appropriate transitional arrangements*.

Energy Policy WA (EPWA) is organising the work to transfer the various provisions across to the
ESM Rules on a policy workstream basis, rather than doing it instrument by instrument. The PSSR
Standards Review is undertaken under the PSSR workstream, with PSSR related provisions in the
relevant instruments reviewed as part of this work.

1.2 Guiding principles

This Review builds on the PSSR Standards work completed by the Taskforce, aiming to establish
and meet appropriate security and reliability standards for the power system, with Australian Energy
Market Operator (AEMO) (as Market Operator and System Manager) and Western Power (as the
Network Operator) working together to deliver secure and reliable electricity supply to all electricity
users.

The Coordinator, in consultation with the MAC, established overarching guiding principles, alongside
the SEO, to support the development of a consistent, single, end-to-end PSSR Standard governed
by a centralised governance framework, including:

e Both energy production and network assets, and new technologies must work together to deliver
the services required for efficient and effective operation of the system, and for all energy
producing systems and load.

e Distribution connections must enable the use of DER devices to increase the flexibility of the
power system.

o Reliability and resilience must be maintained in a broader range of conditions, given the
increasing volatility in climate and market conditions.

e The impact of multiple contributors to system operation, such as decentralised generation,
Electric Storage Resources (ESR), and demand response must be effectively managed.

e Versatility and resilience to continuing reforms to the electricity market and plant closures must
be ensured.

e More specific guiding principles were developed for several of the more substantive reform
proposals, and these are outlined in more detail in Chapter 3 in this Paper.

1.3 Purpose of this paper

This consultation paper summarises the findings, analysis and the policy proposals from stages 1-3
of the PSSR Standards Review, developed to enable the consolidation of a consistent, single end-
to-end PSSR Standard into the ESM Rules.

4 Transitional arrangements will be developed as part of rule drafting in Stage 4 of the PSSR Standards Review.
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This paper is structured as follows:

e Chapter 2 provides an overview of the approach taken to identify issues in the consolidation of
standards into the ESM Rules and the formation of proposals to resolve these.

e Chapter 3 discusses the identified issues (gaps, overlaps, duplications and inconsistencies) in
the existing PSSR framework and makes proposals for change.

e Appendix A details the existing PSSR Standards.

1.4 Stakeholder consultation

Stakeholder feedback is invited on the proposed changes to the PSSR Standards and governance
framework for the SWIS, as outlined in this consultation paper.

Submissions can be emailed to: energymarkets@demirs.wa.gov.au

Any submissions received will be made publicly available on www.energy.wa.gov.au, unless
requested otherwise.

The consultation period closes at 5:00pm (AWST) on 31 July 2025. Late submissions may not be
considered.

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW



mailto:energymarkets@demirs.wa.gov.au
https://www.wa.gov.au/organisation/energy-policy-wa

2. How this review has been conducted

2.1 Staged approach

The review of the PSSR Standards in the SWIS is being conducted in four stages as described in
the table below.

Table 2: Stages of the PSSR Standards Review

Stage Description

Stage 1 A comprehensive assessment of the various PSSR related provisions in the
Assessment of ESM Rules, the Technical Rules, the NQRS Code, and the ENAC were
existing PSSR undertaken to identify:

Standards and

. the relevant standards;
their governance

¢ their governance arrangements (i.e. how they are set and/or changed);
the role of AEMO and Western Power as the Network Operator in
implementing each standard across planning and operational timeframes;
and

¢ the monitoring, compliance and enforcement frameworks that apply.

A summary of the approach used to define the review’s scope is provided in
Section 2.2, with a more detailed explanation and table available in Appendix
A. Requirements or Rules outside these limits were excluded from further
assessment.

Stage 2 Issues analysis was performed on the identified PSSR mechanisms

Issues Analysis contained within the existing instruments.

This assessment reviewed the existing mechanisms to identify any gaps,
duplications, overlaps and inconsistencies (collectively termed Issues).

An assessment was also made of whether existing standards are effective to
ensure power system security and reliability can be maintained as the
energy transition continues through:

o Inputs from the stakeholder Working Groups (see section 2.2.1) which
leveraged extensive operational experience with the existing instruments.

¢ Work previously completed by Western Power on proposed amendments
to the Technical Rules and its submissions to the Economic Regulation
Authority (ERA)®.

e A jurisdictional review of the PSSR Standards in operation in similar
power systems.

¢ Identification of the need for flexibility within the proposed PSSR Standard
to accommodate the energy transition.

The findings were subsequently collated into a suite of issues for which
proposals have been developed to manage the consolidation of the various
PSSR Standards into the ESM Rules.

Consideration was given to:

5 ERA - Amendments submitted by Western Power in July 2021 and September 2023
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Stage Description

¢ the gaps, overlaps and inconsistencies in the existing standards and their
governance arrangements;

o the transparency and technical oversight of the PSSR Standards; and

¢ the suitability of each of the standards with reference to a power system
in transition that is characterised by increasing levels of DER and
intermittent generation resources.

Stage 3 Design proposals were developed, including proposals for:
Developing

design proposals e asingle end-to-end comprehensive standard;

e governance framework for the PSSR Standard, including change
management processes;

¢ the provision of advice to the Coordinator on the evolution of the PSSR
Standard,;

o roles and responsibilities for AEMO and Western Power as the Network
Operator to coordinate and manage PSSR in accordance with the PSSR
Standard over planning and operational timeframes; and

e the compliance monitoring and enforcement framework for the PSSR

Standard.
Stage 4 e Stage four will deliver the detailed design and draft rules, including any
Developing necessary transitional arrangements.
amending rules e This will include consultation with the Technical Working Group and

PSSR Standards Working Group on detailed design matters as they are
being developed, and public consultation on draft ESM Amending Rules.

2.1.1 Stakeholder engagement in this Review

The MAC established the PSSR Standards Working Group (PSSRSWG), comprising of technical
experts from industry, AEMO, Western Power and consumer representatives to provide feedback
on policy considerations and proposed review outcomes. This feedback has helped shape the
proposals presented in this paper.

e Given that the roles and responsibilities for managing PSSR Standards are largely managed by
AEMO and Western Power through their planning and operation processes, a Technical
Working Group (PSSRSTWG) consisting of EPWA, AEMO and Western Power was also
established to provide technical input at each stage of this review.

The Scope of Work, the Terms of Reference for the PSSRSWG, papers for the PSSRSWG and
detailed minutes from the PSSRSWG and the MAC meetings relevant to this review are available
online®.

2.2 Approach to assessing and categorising the PSSR
Standards

The definitions for reliability, security and quality in the EI Act served as the foundation to define the
limits of the Review and identify the relevant PSSR Standards and governance mechanisms

6 Power System Security and Reliability Standards Review

Market Advisory Committee meetings held between January 2024 and December 2024
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contained within the existing regulatory instruments. Figure 1 illustrates the relationship between
the three definitions in the El Act:

o reliability, in relation to the supply of electricity or the operation of an electricity system, means
the ability of the electricity system to maintain or supply consistent delivery of electricity to
customers;

e security, in relation to the supply of electricity or the operation of an electricity system, includes
the ability of the supply or electricity system to withstand disruption or disturbance or changed
circumstances of supply or operation;

e quality, in relation to the supply of electricity, means the extent to which the supply of electricity
complies with any technical requirements of —

(a) the regulations; and
(b) the electricity system and market rules; and
(c) astandard made under section made under section 39(2)(d).

Figure 1: Security, reliability, and quality interplay

Reliability is the ability of the electricity system to
maintain or supply a consistent delivery of electricity at
defined quality to customers.

Reliability

A

Quality

Impact
Ability to deliver power continuously,
even in the event of unexpected
disruptions. Impacts reliability directly. Enhance
Tight standards during normal operation makes the system
more capable of withstanding and quickly recovering from
unexpected disruptions.

A

Security

Table 3: Examples to illustrate power system security, reliability and quality
Security Reliability Quality

Examples When there is a If there is a substation When there is a load or
ground-to-earth failure: generator that produces
fault close to the A reliable power grid has significant harmonics
largest generator: the capacity to quickly Power supply quality is
A secure system reroute power and maintained by requiring
has the ability to minimise outage time for these loads and generators
remain stable and  customers. to instal harmonic filters to
operational. keep harmonics within
defined standards.

Exclusions Protecting electrical The durability of single Low carbon emissions or
equipment from components is not power  noise pollution from the
damage and system reliability as long electricity generation is not
protecting personal as the system is able to power quality.
safety is not power continue delivering
system security. electricity effectively, even

if individual elements fail.

These definitions were used to establish appropriate limits for the Review.

Analysis of the relevant PSSR Standards also considered different time horizons over which the
Network Operator and AEMO must consider how to best manage and invest in the power system
and network:
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Infrastructure planning: Mechanisms that define or limit the capacity or scale of infrastructure
to be installed, or that is efficient to install, have been included. This includes, for example, the
network planning criteria. It does not include processes by which infrastructure identified as
required is funded, such as the setting of the Reserve Capacity Price. This approach limits the
inclusion of most of Part 4 of the ESM Rules and the broader operation of the ENAC.
Implementation: this includes all standards that apply to new infrastructure that supports PSSR,
such as the generator performance standards. It does not include requirements related to the
safety of people and equipment (such as those managed by Energy Safety).

Operation: This includes all requirements on the operation of infrastructure that supports PSSR,
such as Frequency Operating States. It does not include mechanisms that support the economic
operation of available infrastructure, such as the operation of the Real-Time Market.

As detailed in Figure 2, early phases have increased uncertainty, but have greater flexibility, with

resp

ect to what assets can be considered as solutions. Later phases have higher levels of certainty,

but a greater reliance on the existing assets (i.e. network infrastructure, facilities and consumers).

Figure 2: Time horizon tranches of planning, implementation, and operational activities

Tra

i)

@ Operation

Real

Years 7+ 7 6 5 4 3 2 Time

nche

Infrastructure Planning
Long-term, high uncertainty due
to forecasting long-term impacts.

Implementation

Design and construct, medium
uncertainty, decreasing through
the design and commission.

Short-term, lower uncertainty as
inputs are better defined.

Assessment of the relevant PSSR Standards within each of these can be found in Appendix A.

Issues analysis was performed on the identified PSSR Standards and mechanisms contained within
the existing instruments. This assessment reviewed the existing standards to identify any overlaps,

inco

nsistencies or gaps (collectively termed issues). The following inputs were leveraged in the initial

issues assessment:

The

Information provided by the Technical Working Group and PSSRSWG based on operational
experience with the existing instruments.

Work previously completed by Western Power on proposed amendments to the Technical Rules
and its submissions to the ERA’.

A jurisdictional review of the PSSR Standards in operation in similar power systems.

findings were subsequently collated into a suite of consolidated issues for which proposals were

developed to manage the amalgamating of the various PSSR Standards into the ESM Rules.

Proposed solutions to each issue were discussed with the Technical Working Group and
PSSRSWG. These stakeholder engagements, guided by a view to meeting the SEO, have shaped
the proposed solution for each of the issues.

Table 4 below shows how the issues identified in Stage 2 have been addressed in the proposals in

Cha

pter 3 of this paper.

7 ERA - Amendments submitted by Western Power in July 2021 and September 2023

P

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW 21


https://www.erawa.com.au/electricity/electricity-access/western-power-network/technical-rules/amendments-submitted-by-western-power-in-july-2021-and-september-2023

Table 4: Mapping of Stage 2 issues to final proposals

Issue identified in Stage 2

Relevant proposal or comments

It is not clear how each Planning Standard
should be applied, and customer value is not
considered in all cases.

There is not a coordinated approach to the
methodology and inputs used in forecasts
required to apply the various PSSR Standards.

Network elements are not required to operate
continuously through credible system
disturbances.

The Generator Performance Standards (GPS)
requirements could be streamlined to continue
to meet the security requirements of the SWIS
while improving the efficiency of the energy
transition.

There is no considered approach to compliance

across classes of users that can have a similar
impact on PSSR

Clarity is required on the requirements for ESR
facilities

The existing security standards may not
adequately consider future SWIS fuel supply
limitations, renewable location diversity and
ESR duration.

System Strength - There is no obligation or
guidance on establishing long term fault level
forecasts required to confirm that facilities
remain in secure operation. There is no
requirement to confirm that the forecasts are
being met operationally.

More clarity is required about the relationship
between deterministic network planning
standards in the Technical Rules and the
customer outcomes standards in the NQRS
Code and Access Arrangement.

See Proposal 1

See Proposal 16

See Proposal 17

See Proposals 3 and 6-11

See Proposal 5

See Proposals 2-4 and 6-11

AEMO noted that there may be a benefit from
including a mechanism in the ESM Rules to
ensure that specific technologies or capability
classes are procured to meet reliability
requirements.

The PSSR Standards Review is primarily
focused on the standards themselves. The
issue of how the standard is met will be
addressed between EPWA and AEMO as
part of the ongoing RCM evolution work.

EPWA notes that there are already provisions
in the ESM Rules that require AEMO to
forecast the Availability Duration Gap and to
take this into account in setting the ESR
duration requirements.

See Proposals 12 - 15

See Proposal 1
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Issue identified in Stage 2

Relevant proposal or comments

The ENAC and ESM Rules have overlapping
requirements and procedures for Western
Power as the Network Operator to procure non-
network solutions to provide network services.

The Network Operator is obligated in part 6 of
the ENAC to consider Alternative Options to
regulated network expenditure. The Non-Co-
optimised Essential System Services (NCESS)
framework in the ESM Rules provides a
process for procuring locational services.
However, part 6A of the ENAC does not
contemplate the NCESS framework.

The NQRS Code includes outcome standards
such as System Average Interruption Duration
Index (SAIDI), System Average Interruption
Frequency Index (SAIFI) and Customer
Average Interruption Duration Index (CAIDI).
The Access Arrangement separately has
financial incentives for SAIDI, SAIFI and CAIDI.
There is no coordinated approach to these
mechanisms across the separate instruments.

Additional clarity is required on how all PSSR
mechanisms respond to customers that request
different reliability standards.

The existing GPS / Technical Rules
governance mechanisms may not be defined in
a way that is consistent or flexible enough to
meet the pace of technology change or make
best use of the flexibility in new technologies.

EPWA considers that all locational network
solutions should be procured through the
NCESS framework.

Changes to remove the “alternative solutions”
pathway in the ENAC or confirm the basis on
which locational service procurement or
investment is recovered through network
pricing will be addressed through the broader
work to implement DER Act and ESM Rules.

The lack of harmonisation in outcome
standards is addressed in Proposal 1 of this
Review.

The interaction of these standards with the
Access Arrangement framework will be

addressed through the broader DER Act
Implementation work program.

See Proposal 18

See Proposal 19

2.3 Further considerations for the ESM Rules framework

The final structure of the ESM Rules is yet to be decided and further collaborative work between
the different EPWA workstreams will be undertaken to finalise this work. EPWA will continue to
engage with the Technical Working Group and the PSSRSWG when developing the detailed

design and amending rules as part of stage 4.

2.3.1 Consolidation of PSSR definitions

There are a range of definitions and defined terms across the existing relevant instruments. While
there is alignment across many of these, some nuanced differences in the definitions can arise as a
result of the specific application of the definition within the instrument itself. For example, the term
Load has the following different definitions:

e Technical Rules: Either:

- aconnection point at which electric power is made available to a person; or

- the amount of electric power transfer at a defined instant at a specified point on the
transmission or distribution system as the case requires.
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e ESM Rules: One or more electricity consuming resources or devices, other than ESR, located
behind a single network connection point or electrically connected behind two or more shared
network connection points.

These nuanced differences need to be carefully considered when the relevant provisions from the
sections of the Technical Rules, NQRS Code and ENAC are to be brought into the ESM Rules to
create the end-to end PSSR Standard to ensure unintended consequences do not arise with
selecting an appropriate set of definitions.

The definitions in the El Act will serve as the foundation for the relevant PSSR definitions. The other
exact definitions to be used in the ESM Rules will depend on the drafting of the consolidated
instrument to ensure that the associated definitions operate as intended. Noting this, EPWA
considers the following approach should be utilised as the basis for establishing the consolidated
PSSR definitions within the ESM Rules:

Begin with the definitions in the ESM Rules.

Incorporate definitions from the Technical Rules.

Resolve any conflicting definitions between the Technical Rules and ESM Rules.

Resolve any other definitions from other related legislative instruments (i.e. ENAC, NQRS Code,
etc.).

Adjust definitions, as necessary, to implement fit-for purpose proposals.

Create new definitions where required.
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3. Proposals

Itis proposed that the relevant provisions from the sections of the Technical Rules, NQRS Code and
ENAC identified in Appendix A are to be brought into the ESM Rules to create the end-to end PSSR
Standards.

Many provisions will be bought across as is, or as proposed to be amended by Western Power in its
September 2023 submission to the ERA in the case of the Technical Rules (refer to Chapter 3.9 in
this paper), with only stylistic changes made to ensure consistency with the remainder of the ESM
Rules.

Other provisions are proposed to be subject to more substantive change as they are moved into the
ESM Rules, as outlined in the remainder of this chapter.

3.1 Network planning standards for PSSR

3.1.1 Issue

The PSSR Standards Review identified several issues with the current network planning framework
including:

e Alack of clarity regarding how the deterministic and customer outcome standards work together;
and

e The absence of a formal relationship between outcome standards across the different
instruments (NQRS Code and Access Arrangement).

Interplay of network planning standards in the SWIS

The different types of network planning standards, their advantages and disadvantages and their
application in the SWIS are set out in Table 5 below.
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Table 5: Network Planning Standards and their application in the SWIS

Type of standard

Application in the SWIS Advantages Disadvantages

Deterministic standards: specify The Technical Rules currently

: Are a leading standard that
how much redundancy needs to  oblige Western Power to:

provides a basis for easily

Do not necessarily deliver the optimal trade-
off between reliability and cost required by
the SEO. The deterministic standards

be built into a network. Standards

are expressed using ‘N-X'
notation, where N refers to the
number of elements in a part of

the network and X is the number

of elements that can fail at the
same time without causing an
interruption to power supply.

Probabilistic analysis:

Deterministic criteria can trigger
probabilistic analysis that projects

the actual reliability outcomes
considering both reserves and

forecast availability. This analysis

can be used to determine the

timing and prioritisation of network

solutions.

Customer outcome standards:

directly measure the reliability
outcomes for customers. They
include, for example, the SAIDI
and the SAIFI.

design the transmission
system in accordance
with the criteria in the
Technical Rules (clause
2.5.2)

e design and operate the
distribution system to the
N-O criterion” (clause
2.5.5.1)

As part of Access
Arrangement process
Western Power applies
probabilistic analysis to justify
certain investments. If this
analysis suggests that it is
prudent to delay an
investment, an exemption is
sought from the ERA.

The NQRS Code and Access
Arrangement have customer
reliability outcome standards
for different locations and
services.

scanning the network to
determine areas that may not
continue to deliver the
required reliability outcomes
due to load growth or
changes in facilities dispatch.

Can be used to inform
decisions between different
augmentation options under
different scenarios

Are transparent and
measurable standards.

Can drive augmentation
responses for areas with low
reliability outcomes.

assume a standard equipment outage rate,
load growth rate and number of customers
served which may vary substantially in
practice.

Requires a level of analysis that may not be
warranted at lower cost augmentations.

Value of Customer Reliability (VCR), often
used in probabilistic analysis, is an average
or calculated value. In practice, however,
VCR can vary for different customers
depending on location, the time/day/year and
experiences with reliability and business
need, and therefore is difficult to rely on for
accurate decision making.

Do not directly inform the decisions that need
to be made to deliver the specified outcome.
A Network Operator would still need to
establish and use the other reliability
mechanisms for internal use.

Are a lagging indicator of reliability of supply.



Collectively, deterministic standards and probabilistic analysis drive a level of network investment
that will meet the outcome-based standards, as shown in Figure 3 below.

Figure 3: High-level overview how the planning standards interact and overlap

Probabilistic
analysis

Identifying network
equipment with
high outage rates
requiring
maintenance or
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action for

transmission and Designing
distribution reliability transmission Timing of
due to load growth. augmentations investments
for load growth.

Designing and
investing in

distribution network
augmentations for
load growth.

replacement and
managing outages
durations.

However, there is no formal framework in the SWIS to link the deterministic standards (and
associated probabilistic analysis) with the customer reliability outcomes. Further, the customer
outcome measures are contained within both the NQRS Code and Western Power’s access
arrangement, with no clear link between the two.

PSSRSWG members agreed on the need for a framework to evolve the standards, aiming to address
reliability issues without compromising affordability and the level of customer reliability experience.

3.1.2 Proposal

It would not be desirable to set network planning standards based solely on either deterministic
criteria or costumer outcomes for the following reasons:

e Using customer outcome standards only (SAIDI/SAIFI) would provide the benefit of a simple
and transparent standard, however a Network Operator would likely still need to establish
internal deterministic standards for network design that will deliver the specified outcomes.

e Using deterministic standards alone would not necessarily deliver the optimal trade-off between
reliability and cost required by the SEO, as the assumptions about the reliability these standards
deliver use standard inputs about equipment outage rates, load growth rates and number of
customers served. All of these can vary substantially in practice.

EPWA considers that it is appropriate to retain the deterministic criteria in the ESM Rules, as it should
continue to provide guidance for network investment decisions. However, the requirement for the
Network Operator to seek an exemption from the ERA to deviate from these standards should be
removed. This will ensure there is transparency and guidance on when network augmentation must
be considered, but it is made clear that this standard does not create an obligation to invest where
that investment does not contribute to improving customer outcomes.

The customer outcome standards will be applied in the ESM Rules as the obligatory standard against
which compliance will be measured. This will guide investment for customer groups not adequately
serviced by the deterministic standards and require the Network Operator to respond to locations
with higher than standard equipment failure rates.

The customer outcome standards currently contained within the NQRS Code and Access
Arrangement will be harmonised and reviewed to ensure they are achievable and delivering desired
customer outcomes across the network.

While some of the current outcome standards, such as SAIDI and SAIFI for the distribution network,
and Loss of Supply Event Frequency (LoSEF) and average outage duration, may continue to serve
as the basis for the measures for the customer reliability outcomes, the way in which some of the
measures are currently set is not fit-for purpose. Careful consideration needs to be given to the
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locational basis on which they are set to provide appropriate customer outcomes. This may include
a financial incentive mechanism, such as a Guaranteed Service Level (GSL) scheme, which requires
payments to customers when the frequency or duration of outages they experience exceeds a
defined threshold set for their particular location.

During Stage 4 of this Review, EPWA will continue the work and further analyse how these measures
should be set out as the relevant regulatory instruments are harmonised into one centralised
framework.

This proposal was supported by the PSSRSWG. Members emphasised the importance of setting
appropriate metrics, integrating transmission and distribution standards, and evolving the standards
with customer and market needs as part of the detailed design work during stage 4 of this Review.

Proposal 1

The planning standard for the Network Operator to include both customer outcome standards
and deterministic standards such that:

e The customer outcome standards be implemented as obligatory standards in the ESM
Rules, with effective incentive mechanisms determined as part of the access arrangement
process, and the deterministic standards be included to continue to provide guidance to the
network design process.

e The customer outcome standards to be set on a locational basis.

e Specific measures for customer outcome standards will be consulted on a later date.

e The customer outcome standards will be reviewed by government on a regular basis (3-5

yearly).
Consultation questions

e Do stakeholders agree with the proposed framework?

e Do stakeholders consider that the deterministic standards should be mandatory, requiring
an exemption from the ERA to deviate from them, or implemented as a guide for the Network
Operator?

e What indicators do stakeholders consider should be used for the customer outcome
standards?

3.2 The User Facility Standards Framework

3.2.1 Issue

It is proposed that the ESM Rules will combine the existing connection standards, or user facility
standards, that apply to facilities connected to the network. These standards are currently contained
in Chapter 3 of the Technical Rules and Chapter 3A and Appendix 12 of the ESM Rules, as shown
in Figure 3 below.

P
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Figure 3: Existing connection standards in the ESM Rules and Technical Rules

Transmission Connected Generating
Systems

must have their performance established in
accordance with the Generator Performance

+ Generating Systems connecting to distribution
network, as well as a Transmission Connected
Generating System with an exemption from ESM

Standards (GPS) covered in Section 1.40, Rules Chapter 3A and Appendix 12 will refer to
Chapter 3A and Appendix 12 of the ESM Western Power’s Technical Rules for the
Rules. applicable GPS.

Appendix 12 of the ESM
Rules lists each of the

Chapter 3A of the Technical Requirements

ESM Rules details for TCGS and sets out

the requirements. the levels of GPS for
each Technical
Requirement.

Connection standards are required to ensure that the system operates in a secure manner and
contributes towards delivering the PSSR Outcome Standards in Chapter 2 of the current Technical
Rules.

The implementation and enforcement of these standards can require significant resources and time
from users, the Network Operator and AEMO, and can represent a significant factor in the investment
in new facilities.

While there is currently some integration between the two sets of connection standards,
consideration is given in this section as to how to combine the two sets to create a consolidated,
consistent framework in the ESM Rules that supports efficient and timely user solutions while
maintaining PSSR in the SWIS.

The integration of the two frameworks requires consideration of:

A new end-to-end user categorisation framework;

The application of connection standards to each category;
The treatment of hybrid facilities; and

The governance arrangements for the new framework.

Interaction between the User Facility Standards categorisation framework and Proposals
6-11 regarding the suitability of current connection standards.

This chapter maps the existing ESM Rules and Technical Rules connection standards across to
the proposed user categorisation framework. However, some existing connection standards
discussed in this section are proposed to be amended in Section 3.3 of this paper.

This section should be read as being subject to proposals 6-11. That is, where an existing
connection standard is mapped to apply to a user facility class in this section, and that connection
standard is proposed to be amended in Section 3.3 of this paper, the connection standard should
be read to apply as amended by the proposals in Section 3.3.

3.2.2 Proposals

User categorisation framework

It is recommended that the facility categorisation set out in Table 6 be implemented in the ESM
Rules.
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This framework maintains the core of the existing ESM Rules framework, and capitalises on the
previous analysis undertaken as part of the Technical Rules Submission to the ERA in September
2023 (referred to in this section as the 2023 proposed Technical Rules). It is agnostic between the
high voltage (HV) and medium voltage (MV) parts of the network, with only a distinction for low
voltage (LV) network, and provides for the treatment of ESR when charging and discharging?®.

Table 6: Proposed user facility standards categorisation

Category  User types captured Notes

Large User Large Energy All energy producing facilities greater than 10 MVA will be
Technical  Producing Systems subject to Appendix 12 of the ESM Rules as it currently
Standards (inc. ESR) >10MVA®,  exists (subject to proposal 5), and will be required to have
Synchronous a Generator Monitoring Plan registered with AEMO.
Condensers,
connected to the
HV/MV network.

Medium Medium Energy AEMO, in consultation with the Network Operator, could
User Producing Systems choose to make <10 MVA systems subject the same
Technical  (inc. ESR) <10MVA requirements as >10MVA users, where PSSR risks justify
Standards connected to HV/MV  it. Criteria for exercising this discretion would need to be
Network documented. Operational experience suggests that new
ESR systems should be equally able to meet Technical

Requirements when charging and discharging.

Loads As defined in the ESM  Further consideration to be given in the future as to whether
Rules. large loads/inverter-based loads should have separate
requirements.

Small User Low voltage
Technical  connected
Standards

Megavolt amperes (MVA) is preferred for use in the standard application threshold rather than MW
as it accounts for the reactive power support that a generator needs to provide and therefore is a
more holistic measure for use in connection standards.

The existing definition of System Size in the ESM Rules will not be used to categorise facilities for
the purpose of determining user facility standards. This is because:

e System Size generally considers Declared Sent Out Capacity (DSOC) rather than Energy
Producing System rating which isn’t appropriate for technical assessments; and

e System Size treats a 5MW ESR as having a 10MW System Size, and from a PSSR risk
perspective this is inappropriate as an ESR that trips is likely to go from its current state of
charging or discharging to zero, not a full swing between charge and discharge.

8 Operational experience suggests that new ESR systems should be able to meet technical requirements in both directions equally.

9 The size of a facility for the purposes of this framework will be determined at the unit level, not at the Connection Point.
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Proposal 2
A revised facility categorisation framework will be implemented in the ESM Rules, comprising of:

e Large User Technical Standards: (Energy Producing Systems (incl. ESR) >10MVA,
Synchronous Condensers);

e Medium User Technical Standards (Energy Producing Systems (incl. ESR) <10MVA);

e Loads (other than stand-alone ESR); and

¢ Small User Technical Standards (equipment connected to the low voltage network)

Consultation question
Do stakeholders agree with the proposed categorisation framework?

Application of standards to each category of users
As detailed in the tables below, it is proposed that:

o the lIdeal Generator Performance Standard will be renamed the “Automatic User Performance
Standard”. This adjustment is intended to provide better clarity as to the intent of the standard
and to align with the National Electricity Rules (NER) terminology to create consistency across
jurisdictions. Further work will be undertaken in Stage 4 of the Review to integrate requirements
of clauses 3.3.12 — 3.3.19 of the 2023 proposed Technical Rules with the requirements of the
ESM Rules;

o the Common Requirements for all users will be based on the section 3.2 of the 2023 proposed
Technical Rules. These are a mix of technical requirements and other obligations; and

¢ the following user facility standards will apply to each category of user and are further detailed
in the tables below.

- Large User Facility Standards: Current ESM Rules Appendix 12 standards will apply
(subject to proposals 6-11 in this paper), with a framework to negotiate between Automatic
User Performance Standards and Minimum User performance Standards, as per the
current Appendix 12 negotiation framework;

- Medium User Facility Standards: Common Requirements and Minimum User
Performance Standards as per section 3.6 of the 2023 proposed Technical Rules would
apply, with no ability to negotiate below these standards;

- Loads: requirements aligned with section 3.4 of the 2023 proposed Technical Rules would
apply, with no ability to negotiate below these standards. The existing load size
categorisation in chapter 3.4 of the Technical Rules will be retained; and

- Small User Facility Standards: requirements aligned with section 3.7 and 3.8 of the 2023
proposed Technical Rules are proposed to apply.

In Table 7 below:

e References to clause numbers are references to clauses in the 2023 proposed Technical Rules
that are proposed to apply.
o Referencesto an X denote that the requirements of Appendix 12 of the ESM Rules are proposed

to apply.
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Table 7: Application of Facility Categorisation to current Generator User Facility Standards

Performance
Standards
Part

Al2.1

Al2.2.

Al12.3.

Al2.4.

Al12.5.

Al2.6.

Al2.7.

Al2.8.

Al12.9.

A12.10.

Al12.11.

Al2.12.

Al12.13.

Al2.14.

Al12.15.

Technical requirement

Definitions

Active Power Capability

Reactive Power Capability

Voltage and Reactive Power Control
Active Power Control

Inertia and Frequency Control

Disturbance Ride Through for a

Frequency Disturbance

Disturbance Ride Through for a
Voltage Disturbance

Disturbance Ride Through for Multiple
Disturbances

Disturbance Ride Through for Partial
Load Rejection

Disturbance Ride Through for Quality
of Supply

Quiality of Electricity Generated
Generation Protection Systems
Remote Monitoring Requirements

Remote Control Requirements

10 Energy Producing System
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Large User Technical

Standards
HV and > 10 MVA
Synchronous
EPS10
condenser

X X

X -

X X

X X

X -

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

Medium User
Technical
Standards

HV/MV
<10 MVA

and

X
3.6.3(b)
3.3.7.3
3.3.7.4
3.3.7.5

3.3.7.6

3.3.7.7

3.3.7.8

3.3.7.9

3.3.7.10

3.3.7.11




Large User Technical
Standards Medium User

Performance HV and > 10 MVA UEETIEE]

Standards Technical requirement Standards

Part HV/MV  and
EpsS1o Synchronous <10 MVA

condenser

Communications Equipment

Al12.16. . X X X
Requirements

Al2.17. Generation System Model X X X

Notes:

Consistent with current approach in Appendix 12, Appendix 12 may create high level obligations regarding
Technical Requirements, with further detail in a Procedure or Guideline under the ESM Rules.

Some of the Standards in Appendix 12 are proposed to be amended in section 3.3 of this Consultation Paper
(Proposals 6-11) and should be read as amended by those Proposals.

Table 8: Application of Facility Categorisation to Load User Facility Standards

Performance Standards part Technical requirement

L1 Protection and Control Systems (3.4.2(b))

L2 Power frequency variations (3.4.3)

L3 Power frequency voltage variations (3.4.4)

L4 Design Standards (3.4.6)

L5 Power factor requirements (3.4.7)

L6 Design requirements for User’s substations (3.4.8)
L7 Load Shedding Requirements (3.4.9.1)

L8 Remote Monitoring Requirements (3.4.10.1)

L9 Communications Equipment Requirements (3.4.10.2)
L10 Secure electricity supplies (3.4.11)

In Table 9 below:

o References to clause numbers are references to clauses in the 2023 proposed Technical Rules
that are proposed to apply.
o References to an X denote that the requirements of Appendix 12 are proposed to apply.

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW




Table 9: Application of Facility Categorisation to LV (typically €1 MVA) Facility Standards

Small Inverter based via
Performance : : :
Technical requirement Generating standard
Standards Part : :
System connection service
Al12.1 Definitions X X
Al2.2. Active Power Capability 3.7.3(b) Guideline & AS4777
Al2.3. Reactive Power Capability 3.3.7.3 Guideline & AS4777
Al2.4. Voltage and Reactive Power Control  3.3.7.4* Guideline & AS4777
Al2.5. Active Power Control 3.3.7.5" Guideline & AS4777
Al2.6. Inertia and Frequency Control 3.3.7.6 Guideline & AS4777
Al2.7. Disturbance Ride Through for a Guideline & AS4777
; 3.3.7.7
Frequency Disturbance
A12.8. Disturbance Ride Through for a 4 Guideline & AS4777
) 3.3.7.8"
Voltage Disturbance
Al12.9. Disturbance Ride Through for Multiple " Guideline & AS4777
: 3.3.7.9
Disturbances
A12.10. Disturbance Ride Through for Partial Guideline & AS4777
o 3.3.7.10"
Load Rejection
Al2.11. Disturbance Ride Through for Quality Guideline & AS4777
3.3.7.11"
of Supply
A12.12. Quality of Electricity Generated X Guideline & AS4777
Al12.13. Generation Protection Systems’ X Guideline & AS4777
A12.14. Remote Monitoring Requirements’ X Guideline & AS4777
Al12.15. Remote Control Requirements” X Guideline & AS4777
Al12.16. Communications Equipment X Guideline & AS4777
Requirements’
Al2.17. Generation System Model’ - Guideline & AS4777
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Small Inverter based via
Generating standard
System connection service

Performance
Standards Part

Technical requirement

Notes:

#The 2023 proposed Technical Rules proposed variations to these standards for system rated less than or
equal to 150kVA. Following consultation with Western Power, this threshold will be raised to 200kVA.

" The 2023 proposed Technical Rules set out that these standards would not apply for systems rated less
than or equal to 150kVA. Following consultation with Western Power this threshold will be raised to 200kVA.

* Modified by clause 3.7.5(b) of the 2023 proposed Technical Rules for system rated over 200kVA.

Consistent with current approach in Appendix 12, Appendix 12 may create high level obligations regarding
Technical Requirements, with further detail in a Procedure or Guideline under the ESM Rules.

Table 10: Common Requirements

Reference  Technical Requirement

in TR 3.2

la Ability to operate while the To be included in ESM Rules
power system meets the PSSR
standards in section 2.2
1b Flicker To be included in ESM Rules, some overlap with
the existing A12.12 to be resolved in drafting.
1c Harmonics To be included in ESM Rules, some overlap with
the existing A12.12 to be resolved in drafting.
1d Negative Phase Sequence To be included in ESM Rules, some overlap with
Voltage the existing A12.12 to be resolved in drafting.
le Electromagnetic Interference To be included in ESM Rules
1f Fault levels To be included in ESM Rules
2 Main Switch Connection guideline
3 Power Quality Monitoring To be included in ESM Rules
Equipment (not applicable for
LV customers)
4 Modelling data for power Guideline, some overlap with the existing A12.17
system simulation studies (not  to be addressed in drafting.
applicable for LV customers)
5 Technical matters to be To be included in ESM Rules

coordinated
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Reference  Technical Requirement
in TR 3.2

8 WA Service and Installation Reference only
Requirements (only applies to
LV customers)

Proposal 3

e The Ideal Generator Performance Standard will be renamed the “Automatic User
Performance Standard”.

e The Common Requirements for all users will be based on the section 3.2 of the 2023
proposed Technical Rules.

e The following user facility standards will apply to each category of user:

- Large User Facility Standards: Current ESM Rules Appendix 12 standards (subject to
proposals 6-11) will apply, with a framewaork to negotiate between Automatic User
Performance Standards and Minimum User Performance Standards, as per the current
Chapter 3A and Appendix 12 negotiation framework;

- Medium User Facility Standards: Common Requirements and Minimum User
Performance Standards (as per the 2023 proposed Technical Rules) would apply with no
ability to negotiate;

- Loads: requirements aligned with section 3.4 of the 2023 proposed Technical Rules
would apply with no ability to negotiate; and

- Small User Facility Standards: requirements aligned with sections 3.7 and 3.8 of the
2023 proposed Technical Rules will apply.

Consultation question

e Do stakeholders support the adoption of the proposed User Facility categorisation and User
Facility Standards?

Point of compliance with user facility standards and hybrid facilities

Increasingly, facilities connected to the network are a combination of technology types. Renewable
generation developers are regularly co-locating ESR with other components within their
developments. Industrial loads are also exploring the installation of ESR as energy capture solutions
as part of decarbonising, and reducing the costs of operations and their demand on the grid.

There is also an increasing adoption of independently operated networks interconnected to the SWIS
such as the Southern Cross Energy Partnership, Perth Airport, Peel Business Park, Ocean Reef
Marina, and Eglington. Very large energy consumers, such as green hydrogen facilities, may also
likely operate as independent networks with different internal PSSR outcome standards. These
independent network operators can centrally control a range of facilities within their network to deliver
compliance at the Connection Point with the SWIS.

All of these trends are responses to market price signals and customers’ drive to decarbonise at the
lowest cost. Facilitating these solutions in an efficient manner while maintaining PSSR on the SWIS
contributes to meeting the SEO.

EPWA has received feedback from market participants that the ability of the Network Operator and
AEMO to define compliance at locations not at the Connection Point, without any associated
guidance, have created confusion and delay within the current GPS registration process.

The existing ESM Rules Appendix 12.2 to 12.12 state that:
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The requirements apply at the Connection Point unless otherwise specified in the relevant
clause, or the Network Operator or AEMO determines that the Technical Requirement must
be measured at a different location for the particular Generating Unit or Generating System,
in which case the measurement location must be recorded as part of the relevant Generator
Performance Standard.

EPWA considers that it is most appropriate for compliance with relevant User Facility Standards to
be met at the Connection Point, as this is where any risk of non-compliance will present itself to the
system. It may not be necessary, or in some cases possible, for a facility to meet the User Facility
Standards for separate elements within its system as it may be controlling a range of elements to
deliver compliance on an aggregated basis at the point of connection.

EPWA notes that it is not appropriate for a hybrid facility comprised of a load and energy producing
system that has the control or protection systems in place at all times to ensure that it will never
inject, or otherwise have a PSSR impact on the system, to be required to provide active response
required of Large and Medium User Facilities.

As such, hybrid facilities, such a large load with a co-located energy producing system, that have
the protection and/or control systems in place at all times to ensure they will not have a PSSR impact
on the system, will be treated as loads under this User Facility Standards Framework. There will
need to be appropriate checks and balances as part of the connection process, as well as on an
ongoing basis, to provide certainty to Western Power and AEMO that the required systems and
processes work as intended in all situations.

Consultation with AEMO and Western Power indicates that there are likely to be unique situations
in which the point of compliance should be determined at an alternative location to the Connection
Point. As such, EPWA proposes that the ability to require compliance at an alternative point be
retained, but that the Network Operator will be required to document in a WEM Procedure, in
accordance with principles set out in the ESM Rules, the circumstances in which compliance at a
point other than the Connection Point will be required. Compliance will only be permitted to be
assessed at either the Connection Point(s) or the alternative point(s) for facility i.e. not at both. This
clarity should provide more certainty to proponents.

Proposal 4

e The Network Operator will be required to document in a WEM Procedure, in accordance with

principles set out in the ESM Rules, the circumstances in which compliance at a point other
than the Connection Point will be required. Compliance will only be permitted to be assessed
at either the Connection Point(s) or the alternative point(s) for facility i.e. not at both.

Hybrid facilities that have the control and protection systems in place at all times to ensure
their operation will not have a PSSR impact on the rest of the system will be treated as loads
under the new User Facility Standards categorisation framework.

Consultation question

Do stakeholders support the proposal to continue to allow compliance to be assessed at
individual components behind the Connection Point if guidance is provided on when this
requirement will be imposed?

Governance of the user facility standards framework

This section discusses the governance of the User Performance Standards with the exception of the
Small User Facility Standards for inverter-based resources connected via standard connection
service (i.e. those facilities currently covered under 3.8 of the 2023 proposed Technical Rules).
Governance of these facilities will be subject to further consideration through the Distributed Energy
Resources Compliance Framework project within EPWA.

Governance of the user facility standards framework includes the roles and responsibilities for:

Confirming initial compliance of user facilities.

P
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e Monitoring ongoing compliance with user standards.
e Dispute resolution process regarding the application of standards.
e Compliance and enforcement.

The assessment of the above governance arrangements for the user facility standards found that it
was largely fit for purpose, with some minor improvements needed to be made and some
consequential amendments needed as a result of proposals 2 to 4 and 6-11, as outlined below.

EPWA considers that:

e The Network Operator should remain responsible for assessing initial compliance through the
connection process, with relevant consultation with AEMO for facilities >10MVA, or those
<10MVA that are being bought under the Large User Technical Standards category.

- Criteria will need to be published detailing the circumstances in which AEMO would
exercise the right to bring a facility <10MVA under the Large User Technical Standards
category.

e The current process in Chapter 3A of the ESM Rules should be amended such that if the
Network Operator agrees to a negotiated position, but AEMO does not, the Network Operator
may require that AEMO engages with the proponent directly to resolve any issues.

- This should only be required where AEMO and the Network are unable to resolve the issue
between them.

- The Network Operator must still be involved in any discussions between AEMO and the
proponent in this circumstance.

e The negotiated user standards should be published to provide greater transparency and
facilitate negotiations between users and the Network Operator/AEMO.

The roles and responsibilities for ongoing monitoring will be largely maintained, although any facility
that is currently not captured under the ESM Rules GPS framework but that is subject to the Large
User Technical Standards under the revised framework will now be required to have:

e its standards documented in the Generator Register that currently exists under the ESM Rules;
and

e a monitoring plan registered with AEMO in the same way that facilities captured under the ESM
Rules currently do.

For facilities subject to the Medium User Technical Standards, the Network Operator will remain
responsible for monitoring compliance for facilities not covered by a monitoring plan with AEMO. The
current reactive compliance approach will be retained, as will the generator monitoring plan approach
set out in the 2023 proposed Technical Rules. The Network Operator will not be required to carry
out regular monitoring but will be enabled to conduct spot checks or carry out investigations following
events and will be required to report compliance breaches to the ERA, as well as material non-
compliances to AEMO. Standards will continue to be documented in connection agreements — there
will not be a formalised register.

With regard to dispute resolution, the ESM Rules currently have a generic dispute resolution process
under sections 2.18 — 2.20, and a transitional GPS specific dispute resolution process under section
1.42. The ENAC, which will also be brought into the ESM Rules under the DER Act Implementation
work program, has a dispute resolution process available to connection applicants. Consideration
will be given in detailed design to the best way to harmonise these frameworks to create a single
dispute resolution process that can apply to any dispute under the ESM Rules, with appropriate
arbitrators and technical experts available to parties that may wish to use this process.

The compliance and enforcement framework will remain as it is currently under the ESM Rules.
Breaches will need to be reported to the ERA, who will investigate them in accordance with its
existing policies and procedures. Non-compliance with PSSR Standards for all facilities will be
subject to the civil penalty framework, with the levels of civil penalties applying being proportionate
to the potential impact of the breach. The Network Operator and AEMO will have the ability to issue

d

-

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW 38



warnings and require a facility to rectify any issues, request the ERA to apply a civil penalty or
disconnect or constrain a facility whose non-compliance is causing a risk to PSSR as a last resort.

The PSSRSWG agreed with these proposals, although:

AEMO and Western Power objected to negotiated standards being made public, arguing that
each negotiation has many unigue characteristics, and that transparency would lead to more
protracted negotiations due to potential misunderstandings about reasons behind a particular
participant’s negotiated position.

AEMO objected to the proposal to require it to directly engage with proponents where it
disagrees with a negotiated standard but the Network Operator does not.

Proposal 5

The existing governance framework will remain primarily the same, some modifications will be
made to:

ensure guidance on which facilities <10MVA are captured by the Large User Technical
Standards framework;

ensure AEMO is consulted on the performance standards for such facilities in the way it is
currently consulted under Chapter 3A of the ESM Rules for Transmission Connected
Generating Systems;

require AEMO to engage directly with proponents to resolve issues if the Network Operator
agrees to a negotiated position but AEMO does not and the Network Operator requests that
AEMO do so; and

expand the number of facilities who are required to have a monitoring plan registered with
AEMO to include facilities that:

- are not currently captured by the ESM Rules GPS framework; and
- will be captured by the Large User Technical Standards under the revised framework.

For future connections, where connection standards are negotiated between participants and
the Network Operator, these negotiated standards will be made public.

Consultation question

Do stakeholders support the proposed governance framework?

3.3 Suitability of Technical Requirements (connection

standards) for new technologies

3.3.1 Issue

The Technical Requirements in Appendix 12.9 of the ESM Rules were developed to address
concerns related to system stability, and the requirements for and functioning of protection
mechanisms within the SWIS, which necessitated the inclusion of provisions regarding responses
from inverter-based resources (IBR) during fault conditions.

However, operational experience has shown that it can be difficult for some newer technologies,
such as grid-forming inverters, to meet some of the Technical Requirements of Appendix 12 - in
particular the Automatic User Performance Standard!! with respect to reactive current contribution
during faults (A12.9.2). This has resulted in very few facilities able to connect at the Automatic
Performance Standard and, thus, requiring negotiation. These new technologies can provide

11 The Ideal Generator Performance Standard is proposed to be renamed to Automatic User Performance Standard (see proposal 3).
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important services to the grid, including in addressing system strength issues and increasing hosting
capacity for grid-following inverters.

The Australian Energy Market Commission (AEMC) currently has a work package (Improving the
National Electricity Market (NEM) Access Standards — Package 1), in which it has proposed to relax
some of the minimum access standards (but not the automatic access standards) for inverter-based
resources under the National Electricity Rules (NER).*2

To facilitate consultation on changes to the Technical Requirements in the SWIS, work has been
carried out by Etik Energy, overseen by Western Power and in consultation with AEMO, to assess
the suitability of the Technical Requirements in Appendix 12 with regard to IBR. This work has
focused on the aspects most immediately needed to facilitate efficient connection of various types
of IBR in the SWIS, rather than developing a comprehensive list of requirements that may be
necessary in the medium term.

The criteria used by Etik Energy to determine the changes required in the short term to facilitate the
connection of inverter-based resources include:

e Maturity of corresponding requirements in Australia’s NEM and internationally
Demonstration of the importance based on worldwide system incidents
¢ Immediacy of the need for the SWIS

- This will reflect both the system technical needs and specific technology type(s), e.g. grid-
forming inverters or Battery Energy Storage Systems (BESS), where immediate barriers
may exist in the current ESM Rules to allow the connection assessment and acceptance.

e Ease of immediate implementation including:

- No dependency on other technical requirements or system models/modelling
methodologies yet to be developed
- No need for further system studies to develop the specific Technical Requirements

e The capability can be delivered in the near-term by a range of technology types/makes without
a significant extra cost.

The proposals contained in this sub-section have been drawn from the report and proposed drafting
prepared by Etik Energy. Interested parties should review these documents in conjunction with the
proposals as summarised in this paper. However, it is noted that the work completed by Etik was
subject to further analysis and refinement by EPWA, in close consultation with AEMO and Western
Power, and to the extent of any inconsistency the contents of this Consultation Paper prevails.

Stakeholders are asked to comment on whether the proposed changes to the Technical
Requirements in Appendix 12, which will become the Large User Technical Standards (see proposal
2), should also apply to the Technical Requirements currently contained in the Technical Rules,
which will become the Medium User Technical Standards (where applicable).

3.3.2 Proposals

The proposals below should be read in conjunctions with the report by Etik Energy and summary of
proposed ESM Rule Amendments in Appendix B of this paper. These documents provide more detail
about the proposed drafting and whether proposed clauses are new clauses or modifications to
existing clauses.

Withstand Short Circuit Ratio (SCR)

Withstand SCR refers to the minimum SCR at which facilities can operate stably and remain
connected.

12 Improving the NEM access standards — Package 1
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Practical experience gained from connecting grid-forming IBR in Australia and worldwide indicate
that they can withstand lower SCR values relative to the grid-following IBR and this difference in
capability shall be accounted for in developing SCR-related Technical Requirements for each. As
such, the objective of the recommendation is to ensure different types of facilities remain stable and
connected in the future when a reduction in SCR is likely to be seen due to the retirement of existing

synchronous generators.

The elements of the recommendation and their rationale are set out in Table 11

Table 11: Elements of withstand SCR recommendation and rationale

Recommendation Rationale

Set only a Minimum, not an Automatic, User
Performance Standard for withstand SCR
mirroring clause 5.2.5.15(b) and (c) of the NER
for grid-following IBR as follows:

A Generating System that is comprised of
Asynchronous Generating Units must have
capability sufficient to operate stably and remain
connected at a short circuit ratio of 3.0.

Set Minimum and Automatic User Performance
Standards for grid-forming inverters as SCR of 2
and 1.2 respectively.

Add a provision that specifies that, for both grid-
following and grid-forming inverters, the settings
used must not be different to the setting required
for compliance  with  other  Technical
Requirements unless otherwise agreed with
AEMO and the Network Operator.

Flexibility should be provided for AEMO and the
Network Operator to consider accepting the use
of different settings if there are sizeable
differences between the minimum anticipated
SCR and the withstand SCR.

Add a provision that specifies that IBR are not
required to maintain the continuous
uninterrupted operation if the network operating
conditions result in a SCR below the withstand
SCR agreed Technical Requirement for that
facility.

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW

It is impractical to determine the lowest SCR
value facilities using this technology can/should
withstand under certain conditions. This
approach also recognises that the impedances
between the generating unit and the Generating
System at the Connection Point will play a part
and there could be large differences in the total
impedances for a 500+ MW wind plant
compared to a 100 MW BESS or solar plant.

Not all grid-forming inverters can withstand a low
SCR of 1.0 or 1.2. Notwithstanding this, the
Automatic User Performance Standard is
proposed to be bounded to a relatively low value
as the ability to withstand low SCR values is a
key capability of grid-forming IBR that must be
captured.

To gain a practical benefit from this requirement
in day-to-day system operations and to
streamline grid connection studies, it is
recommended that control system design and
settings used to demonstrate this capability are
consistent with those used for negotiation of all
other Technical Requirements where possible.

At the same time, it is understood that in some
connections there may be large differences
between the minimum anticipated SCR at the
Connection Point, e.g. SCR of 10, and the
withstand SCR, which might mean that control
system tuning will be done sub-optimally for
conditions that may not likely arise if flexibility is
now allowed for.

This will ensure there is clarity about when
compliance is and is not required.

P

41



Adopt a clause that mirrors the NER clause
5.2.5.15(e) which provides other means for a
grid-following inverter to connect although it is
unable to meet the required minimum SCR.

Allow for a facility that is not capable of meeting
the Minimum User Performance Standard to
connect if there are legally binding commitments
to make additional investment in the facility or for
the supply to it of services to remedy, at the
proponent’s cost, the shortfall in capability,

This clause sets out higher level principles for
alternative arrangements with AEMO and the
Network Operator if the Generating System is
unable to meet the minimum Technical
Requirement

This element is contingent on a system strength
framework being implemented that allows for the
Network Operator to make centralised
investments that proponents can contribute
towards the cost of to remedy system strength
issues (see proposal 15).

either on connection or in agreed

. ) This will allow for facilities to determine the least
circumstances, together with

cost approach to remedying any potential

Klpi;/atltl)(nalglrran? emetrt:tst agreled \a"th :Ee system strength issues (through self-
e ?r t perator ha ap?y”\JN en de remediation  or  leveraging  centralised
investment or services have not yet been made | ;.\ osiments).

or are not available.

Proposal 6
Include the following in the ESM Rules with regard to withstand SCR

e A Minimum User Performance Standard for withstand SCR of 2.0 (grid-forming IBR) and 3.0
(grid-following IBR)

e An Automatic User Performance Standard for withstand SCR of 1.2 for grid-forming IBR. No
Automatic User Performance Standard for grid-following inverters.

e A provision for grid-following inverters that allows for a facility that is not capable of meeting
the Minimum User Performance standard to connect if there are legally binding commitments
to make additional investment in the facility or for the supply to it of services to remedy, at the
proponent’s cost, the shortfall in capability, either on connection or in agreed circumstances,
together with operational arrangements agreed with the Network Operator that apply when
the investment or services have not yet been made or are not available.

e A requirement that settings used must not be different to the setting required for compliance
with other Technical Requirements unless otherwise agreed with AEMO and the Network
Operator.

¢ Clarification that continuous uninterrupted operation is not required when the SCR falls below
the withstand SCR.

Consultation question

o Do stakeholders agree with the above proposed provisions/standards?

e Should corresponding changes be made to the equivalent provisions, which will apply to
Medium Energy Producing Systems (inc. ESR) <10MVA connected to high voltage and
medium voltage network?

Voltage phase angle jump

Voltage phase angle jump refers to a sudden angle shift of system voltage in response to a
disturbance on the network. The objective of this requirement is to ensure that the facility does not
have any protection, control, or electrical, thermal or mechanical susceptibilities, which might result
in its disconnection for a plausible change in voltage phase angle jump during credible contingency
events. It is prudent to determine a Minimum User Performance Standard only to assess the
withstand capability of inverter-based facilities when subject to phase angle jumps.

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW
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The NER sets out that ‘the minimum access standard of a generating system or integrated resource
system, and each of its asynchronous production units, must not include any vector shift or similar
relay or protective function that acts upon voltage phase angle which might operate for phase angle
changes less than 20 degrees at the connection point’ (clause 5.2.5.16). This NER clause also
currently applies to both grid-following and grid-forming IBR and does not include an automatic
performance standard.

For the relatively smaller and less meshed SWIS, there is likely a greater need to successfully
withstand voltage phase angle jumps compared to the NEM.

For grid-following inverters, it is considered appropriate to implement a Minimum User Performance
standard to withstand phase angle changes of less than 25 degrees at the connection point. This is
consistent with the IEEE 2800-2022 requirements which have been published following significant
public consultation.

A requirement to withstand a phase angle jump of less than 60 degrees at the connection point is
proposed for grid-forming inverters, consistent with the National Grid ESO Grid Code, as well as a
requirement to supress the phase angle jump with a response time of no greater than 20ms. This is
in recognition that the ability to supress a voltage phase angle jump constitutes a core definition of
grid-forming inverter capability.

Additionally, a Common Requirement for grid-following and grid-forming IBR should be added as
follows: a Generating System and each of its Asynchronous Generating Units must remain in
operation for any change in the phase angle of individual phases caused by occurrence and
clearance of balanced and unbalanced faults, provided that the positive sequence angle change
does not exceed the Minimum User Performance Standard.

The agreed value of the settings of any protection system must be recorded.

The ESM Rules will clarify that the facility, as a whole, must withstand the minimum voltage phase
angle jump in addition to not having any protection systems that might be susceptible to phase angle
jumps.

Proposal 7
Require:

e Grid-following inverters to withstand an angle jump of less than 25 degrees

¢ A Minimum User performance Standard for grid-forming inverters to withstand an angle jump
of less than 60 degrees and supress the phase angle jump with a response time of 20ms or
lower

e All inverter-based Generating Systems and each of their Asynchronous Generating units to
remain in operation for any change in the phase angle of individual phases caused by
occurrence and clearance of balanced and unbalanced faults, provided that the positive
sequence angle change does not exceed the Minimum User Performance Standard.

Consultation question

o Do stakeholders agree with the above proposed provisions/standards?

e Should corresponding changes be made to the equivalent provisions, which will apply to
Medium Energy Producing Systems (inc. ESR) <10MVA connected to high voltage and
medium voltage network?

Active and reactive current response during and after contingencies
Alternating current power comprises two components - active and reactive power:

e active power is the form of electrical current that does actual work - i.e. provides light, heat and
motion; and

e reactive power helps facilitate the transport of electrical current by maintaining stable voltages
in electrical circuits.
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Voltages can be disturbed or be faulted for a variety of reasons, with such changes often following
a lightning, animal or vegetation strike on power lines, which leads to a sudden voltage disturbance.
Typically, these disturbances lead to generators either injecting reactive current to lift voltages back
to an acceptable proportion of normal voltages or absorbing reactive current to lower voltages back
into the normal range. If voltage disturbances are not arrested by the rapid injection or absorption of
reactive current, voltages may deviate further from their normal levels, which in turn affects the
capacity of nearby generators and loads to remain connected to the power system.*?

The objective of the revised Technical Requirements for active and reactive current is to:

ensure that sufficient reactive current injection/absorption can be provided during contingency
events (faults) commensurate with system needs at the specific Connection Point to aid system
voltage recovery; and

to ensure a fast recovery of active current/power following disturbance clearance.

In April 2023, the AEMC introduced new rules for the minimum reactive current access standard for
IBR, lowering the reactive current capability that inverter based resources have to provide to facilitate
more efficient connection of renewable generation and batteries.* Building on this, in December
2023 AEMO published its final report for its access standards review, which informed a rule change
proposal to the AEMC. The AEMC published a draft determination and proposed draft rules in
December 2024, which (broadly) reflects AEMO'’s proposals in its rule change request (except some
consequential changes and transitional arrangements). The proposed rule has the following key
components:

introducing a new automatic access standard that is more consistent with the form of the
minimum standard,

replacing the term adequately damped with a new defined term “adequately controlled”, to
acknowledge that some acceptable responses do not meet the engineering definition of
adequately damped;

amending rise time, settling times and commencement time requirements for reactive current
injection;

amending the arrangements for the commencement of reactive current injection and providing
clarity on reactive current injection location; and

clarifying the response requirements for balanced and unbalanced faults, and recognising
negative sequence current responses.

The proposed AEMC changes aim to make the NEM changes more fit for purpose as the energy
system becomes more characterised by inverter-based resources. They also aim to add more
prescription and clarity to the access standards, which would help to reduce costs and time for
connecting parties and Network Services Providers (NSP) in negotiations undertaken when
connecting plant.

As such, EPWA proposes to adopt similar changes in the WEM as outlined in Table 12 below. It is
important that the Technical Requirements ensure that the requirements for reactive current
response during contingency events are correctly specified for both grid-forming and grid following
IBR to avoid unnecessary barriers to connection for these technologies that can provide valuable
services to the system. In some instances, further consideration needs to be given to the Technical
Requirements for grid-forming IBR, which may require specific technical considerations due to their
distinct behaviour.

13AEMC - Final rule for efficient reactive current access standards for inverter-based resources

14 AEMC - Rule Changes - Efficient reactive current access standards for inverter-based resources
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Table 12: Requirements for active and reactive current response during and after

contingencies

Recommendation

Commentary

New definitions

Sustainment Time: In relation to the duration
for which the reactive current injection should
be held near constant where:

e For faults cleared in primary protection
clearance time, the sustainment time is the
same as the fault duration during which the
magnitude of reactive current injection
should not deviate by more than 2% or as
agreed with Network Operator and AEMO,
compared to that delivered at the rise time.

e For faults cleared in circuit breaker failure
clearance time, the sustainment time is the
same as the fault duration unless otherwise
agreed with Network Operator and AEMO.
Also, the maximum drop in reactive current
injection during the sustainment time should
be agreed with Network Operator and
AEMO.

To apply to the Minimum and Automatic User
Performance Standard of both grid-following
and grid-forming inverters.

Adequately Controlled means the response
of the facility to temporary over-voltage or
temporary under-voltage achieves the agreed
level of reactive current injection or absorption
within the duration of the relevant disturbance,
considering:

e expected positive and negative sequence
reactive current response;

e expected active current response; and

e stable control when operating at,
transitioning into and out of limits,

and

and does not cause or exacerbate:

e over-voltages, beyond the more restrictive
of the system standards and levels and
durations agreed under A12.8;

e under-voltages, below levels and durations
agreed under A12.8; and

e voltage transients or oscillations that could
adversely affect the ability of other facilities
to remain in operation during the
disturbance.
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This recognises that for some IBR based
resources, despite having good
commencement and rise time, the magnitude of
the response drops noticeably, even sometimes
to a negative value. For example, this may
happen just before the instance of fault
clearance. However, a relatively high reactive
current injection just before the fault clearance is
necessary to ensure faster voltage recovery as
soon as the faulted elements are removed.

The key intent of the proposed requirement is to
ensure that control systems behave as
expected. Note that the formulation considers
that fault impedance is constant as it is always
the case for simulation studies and often in real
faults. However, flexibility shall be given when
assessing compliance for real fault events in
which the variation of fault impedance may
cause the current injection to vary.

This is similar to that proposed by the AEMC
with some minor amendments to suit the WEM.



To apply to the Minimum and Automatic User
Performance Standard of both grid-following
and grid-forming inverters.

Commencement Time: In relation to the time
taken for the response of reactive current
injection to oppose the voltage deviation, it is
measured on the reactive current waveform as
the next ‘zero-crossing’ beyond 20 ms of fault
inception. The location used to determine the
commencement is the same location used to
determine the rise time.

To apply to the Minimum and Automatic
Performance User Standard of both grid-
following and grid-forming inverters

This proposal also aims to align ESM Rules with
the NER, which already includes a
commencement time in the minimum access
standard and, more recently, in the AEMC'’s
draft determination for the automatic access
standard. The use of a commencement time is
intended to incentivise a prompt reactive current
response, while also providing a clear indication
that the response is actually initiated. Unlike the
rise time and, in particular, settling time, the use
of a commencement time avoids unintended
consequences. For example, an overly fast rise
or settling time may lead to instability under low
system strength conditions, and a fast-settling
time could adversely affect system damping.

Changes to Minimum and Automatic User Performance Standards

Injection ratio

Amend A12.9.3.5(a) to reduce the current
Minimum User Performance Standard for IBR
from 2% reactive current injection per 1%
voltage drop to 0 % per 1 % reduction of positive
sequence voltage.

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW

The proposed change aims to align with the
corresponding NER requirement introduced in
2023.

The worst acceptable reactive current injection
performance should not fall below 0%, as any
negative value would imply the facility is
withdrawing reactive current from the grid,
thereby hindering system voltage recovery. The
Minimum Performance Standard was revised
from 2% to 0% to address mainly the following,
but not limited to:

e practical challenges observed,
particularly in large wind farms, where
despite strong reactive current injection
at individual unit terminals, the overall
Generating System may fail to achieve a
2% injection at the point of connection
due to high internal impedance across
the collector network.

e mandating a uniform 2% reactive current
injection sometime could lead to
overcompensation during system
disturbances, potentially destabilising
the system. Therefore, this revision
enables AEMO and NSPs to negotiate
reactive current capabilities tailored to
specific system conditions and generator
characteristics.
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Speed of response

Amend A12.9.3.7 (Minimum User Performance
Standard):

¢ Remove the settling time and introduce a
Commencement Time of 40 ms for the grid-
following inverters and 10 ms for the grid-
forming inverters

¢ Increase the rise time to 80 ms for the grid-
following inverters

- Feedback is being sought on a suitable
rise time for grid forming inverters.

Amend A12.9.2.7 (Automatic User Performance
standard)

The same as the Minimum User Performance
Standard (as outlined above) except that:

e the commencement time will reduce to 20
ms for grid-following inverters.

e the existing rise time of 40 ms in A12.9.2.7
for grid following inverters will apply.

Total current:

Replace the current term “reactive current” in
clause A12.9.1.6 (a) and introduce a new
requirement on “total current” contribution
comprising active and reactive current, and
positive and negative sequence current
injection to be applied to both grid-following
and grid-forming IBR (the Automatic and
Minimum User Performance Standards).

Behaviour at current limitation
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The proposed amendments to A12.9.2.7 and
A12.9.3.7 apply the same principles and
success criteria for automatic Technical
Requirements for grid-following IBR, but with
slightly modified numerical values with an aim to
optimise the speed of response for grid-following
and grid-forming inverters by adjusting
commencement and rise times to improve
voltage recovery during contingency events,
ensuring both system stability and inverter
performance.

Unlike the NER wording, the ESM Rules state
“must equal or exceed” which is considered
more suitable than the “limited to” at least for the
grid-following IBR when response to more
severe faults is considered. However, for less
severe faults even delivering a response
consistent with Automatic User Performance
Standards of 4% reactive current injection per
each 1% drop in voltage will unlikely be sufficient
to deliver a current which is at least equal the
maximum continuous current. It is
recommended that this consideration will be
applied to both the grid-following and grid-
forming technologies.

This is because for Original Equipment
Manufacturer (OEMs) who offer both grid-
following and grid-forming inverters, the product
is generally identical in terms of inverter ratings
and the hardware used. The key difference is on
how the inverter is controlled.

This is to ensure that at least the total current of
the Generating System is delivered under all
contingency events, regardless of dip size and
the level of asymmetry experienced during the
fault.

A new definition of Adequately Controlled is
defined above. However, depending on the
design of the facility, grid-forming IBR may
behave differently when operating at the limit of
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Require that the response of grid-forming IBR,
when operating above its maximum continuous
current must:

¢ comply with all withstand requirements set

out in other Technical Requirements
including  steady-state  voltage and
frequency  deviations, voltage and

frequency rate of change, phase angle
change and SCR.

e provide expected positive and negative
sequence reactive current response and
expected active current  response
corresponding to the total current level it is
operating at.

¢ have a stable control when operating at and
transitioning into and out of current limits.

e not cause or exacerbate adverse impact on
network capability, power system security,
system strength, quality of supply, or inter-
regional power transfer capability.

Negative Sequence Current Control:

Remove the existing sub-clause A12.9.1.6(c)
and add new criteria to require the following
Minimum and Automatic User Performance
Standard for grid-following and grid-forming
IBR:

¢ Inject negative sequence current
dependent on negative sequence voltage,
that leads the negative sequence voltage by
at least 90 degrees.

e Specify the prioritisation between the
positive sequence and negative sequence
currents during the faults.

Frequency of current injection

For Common Requirements for grid-following
and grid-forming inverters, amend A12.9.1.6 to
add a new requirement that during the fault,
injection of active and reactive current from the
Generating System and each of its
Asynchronous Generating Units must have a
fundamental frequency component same as
fundamental frequency of the terminal voltage.

Fault ride through activation threshold

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW

their current capability (e.g. during fault
conditions). Technical literature indicates that
grid-forming dynamics could change under
these conditions - not all capabilities can be
retained compared to when the current was not
limited and in some circumstances they could
behave like grid-following resources.

Furthermore, responding to severe disturbances
when current limitation is active could
destabilise the facility response or adversely
impact aspects of the response. As such, it is
proposed to amend the definition of Adequately
Controlled as it applies to grid forming IBR to
recognise that such a limitation exists, but at the
same time specify Minimum acceptable User
Performance Standards under this condition.

In practice many factors impact the amount of
negative sequence current injected, and having
a single ratio of negative sequence to positive
current component of the reactive current is
neither practically possible not it will help
addressing a real issue in the power system.

Therefore, it is recommended to develop a new
requirement similar to that set out in IEEE 2800-
2022 which requires the IBR unit to inject
negative sequence current during unbalanced
faults with key attributes indicated below:

+ Dependent on IBR unit terminal Point of
Connection negative sequence voltage; and

* That leads the IBR unit terminal negative
sequence voltage by between 90 and 180
degrees.

As currently framed, this clause does not
promote best power system performance.
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Amend A12.9.3.5 (Minimum User Performance
Standard) to:

e Replace the under-voltage range with a
fixed value of 80%.

e Replace the over-voltage range with a fixed
value of 120%.

Amend A12.9.2.5 (Automatic User Performance
Standard) to:

e Replace the under-voltage range with a
fixed value of 85%.

e Replace the over-voltage range with a fixed
value of 115%.

And specify that and in each case may
commence a response before the threshold is
reached

e Amend 12.9.2.5 and 12.9.3.5 to replace the
term voltage at the Connection Point with
positive  sequence voltage at the
Connection Point.

Long duration faults

The duration within which the reactive current
response must be sustained following a
contingency.

e Replace 2 seconds with 450 ms in
A12.9.3.7 (Minimum User Performance
Standards); and

o Replace adequately damped  with
adequately controlled in 12.9.3.7 (Minimum
User Performance Standard) and 12.9.3.8
(Common Requirements for grid-forming
and grid-following inverters).

Active Current Response During and After
Contingencies

Amend the Minimum and Automatic User
Performance Standards in A12.9.2.5. (b) and
A12.9.3.5. (b) for both grid-following and grid-
forming inverters to replace “ after clearance of
the fault” with “ after the end of the disturbance”

Amend 12.9.2.5(b) (Automatic User
Performance Standard) for grid forming
inverters to specify a different level of active
power that must be supplied to or absorbed from
the network from 100 milliseconds after the end
of the disturbance.
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Response that arrests the change a voltage
disturbance more quickly and closer to the pre-
disturbance value will provide a better outcome
for the power system, whereas the current
standard provides an upper bound on the
response commencement. Some equipment,
such as grid-forming inverters, respond
instantaneously to a change in voltage. The
proposed changes will allow for a faster reaction
time in line with best power system
performance.

Sustaining a response for 2 seconds or greater
may not be possible and could lead to facility
instability. At the same time, long duration faults
could occur in the distribution network during
which it is expected that the facility must remain
connected and stable. However, the ability to
remain stable has a higher priority compared to
the provision of grid support including an as high
a reactive current injection as otherwise possible
for shorter duration faults.

As such it is recommended to lower the fault
duration for which the response must be
sustained and held near constant (see the
proposed definition of sustainment time) to 450
ms which is the longest circuit breaker failure
time in Western Power’s transmission network.

'The end of the disturbance” is discussed in the
section “disturbance ride through for multiple
disturbances”.

This change aims to maintain consistency with
the NEM framework and acknowledges
scenarios in which, under low system strength
conditions, faults may have been cleared while
network voltages are not fully recovered.
Premature active power recovery in such cases
can destabilise voltages. Introducing a clear
definition of the “end of the disturbance”
provides a deterministic reference point from
which active power recovery should be

A
~~

49



measured, ensuring that recovery only begins
once network voltages have stabilised.

Oppose fast changes in voltage magnitude | A key definition of grid-forming capability is to

Amend Clause A12.9.2.5(a) (the Automatic User oppose fe(‘jSt c;hangets md_vtoltgge magnléude
Performance Standard) for grid-forming IBR to occurring due 1o system disturbances, and as

add a requirement for equipment covered in that such it is essential the requirements are clarified
clause to be capable of reducing the sensitivity in the ESM Rules to capture the benefits of this

of voltage magnitude to a given change in capability. The response time is expected to be

current within 20ms after the disturbance afew ms up to an AC cycle (i.e. 20ms).
compared to when the equipment was not
connected.

Proposal 8

e Introduce new definitions for:
- Sustainment Time;
- Adequately Controlled; and
- Commencement Time

e Behaviour at current limitation: Specify the behaviour of grid-forming IBR when operating
above its maximum continuous current.

e Injection ratio: Revise Minimum User Performance Standard for IBR from 2% to 0%.

e Speed of response: Amend clauses A12.9.2.7 and A12.9.3.7 to remove the term ‘Settling
Time’ and replace with ‘Commencement Time’ and specify new values for Commencement
Time and Rise Time in each clause.

e Total current: replace the current term ‘reactive current’ in clause A12.9.1.6(a) and introduce
a new requirement on ‘total current’ contribution for both grid-following and grid-forming IBR.

e Negative Sequence Current Control: Remove sub-clause A12.9.1.6(c) and add new criteria
to the Minimum and Automatic User Performance Standards requiring grid-following and grid-
forming IBR to inject negative sequence current during unbalanced faults leading the negative
sequence voltage by at least 90° and specify prioritisation between positive and negative
sequence currents during faults.

e Frequency of current injection: Amend clause A12.9.1.6 to add a new requirement under
the Minimum and Automatic Performance Standards requiring that, during the fault, injection
of active and reactive current from the Generating System and each of its Asynchronous
Generating Units must have a fundamental frequency component same as the fundamental
frequency of the terminal voltage.

e Fault ride through activation threshold

- Amend clauses A12.9.2.5 (Automatic User Performance Standard) and A12.9.3.5
(Minimum User Performance Standard) to use voltage activation thresholds of 85% and
115% for Automatic User Performance Standard as opposed to 80% and 120% for the
Minimum User Performance Standards.
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- Amend clauses A12.9.2.5 and A12.9.3.5 to replace the term ‘voltage at the Connection
Point’ with ‘positive sequence voltage at the Connection Point’.

e Long duration faults

- Amend clause A12.9.3.7 to lower the fault duration for which the response must be
sustained and held near constant from 2 seconds to 450 ms.

- Replace the term ‘adequately damped’ with ‘adequately controlled’ in clauses A12.9.3.7
and A12.9.3.8.

e Active Current Response During and After Contingencies

- Replace the term “ after clearance of the fault” with © after the end of the disturbance” in
subclauses A12.9.2.5(b) and A12.9.3.5(b) for both grid-following and grid-forming
inverters.

- Amend subclause A12.9.2.5(b) for grid-forming inverters to specify a different level of
active power that must be supplied to or absorbed from the network from 100 ms after
the end of the disturbance (see consultation questions below).

e Oppose fast changes in voltage magnitude: Amend clause A12.9.2.5(a) for grid-forming
IBR to add a requirement for equipment covered in that clause to be capable of reducing the
sensitivity of voltage magnitude to a given change in current within 20ms after the disturbance,
as compared to when the facility was not connected.

Consultation guestions

e Do stakeholders agree with the above proposed provisions/standards?

o What is an appropriate rise time for the Minimum User Performance Standard for grid-forming
IBRs?

e With regard to the Fault Ride Through Activation Threshold for reactive current response
during contingencies: is the use of voltage as an activation threshold appropriate for grid-
forming IBR? If so, can the same numerical values used for grid following IBR be applied?

e Are there any additional performance metrics that should only apply to grid-forming IBR?

e What is an appropriate level of active power to specify in A12.9.2.5(b) for grid forming
inverters?

¢ Should corresponding changes be made to the equivalent provisions, which will apply to
Medium Energy Producing Systems (inc. ESR) <10MVA connected to high voltage and
medium voltage network?

Disturbance ride through for multiple disturbances

Disturbance ride through for multiple disturbances refers to the ability of the facility to remain
connected and stable when subject to several disturbances in quick succession and at the same
time respecting the physical limitations of all power system equipment.

While the ESM Rules and the NER have the same minimum and automatic standard, the NER has
sub-clauses with clear carve-outs accounting for the physical limitations of all types of generating
systems. The AEMC’s draft determination on ‘Improving Access Standards — Package 1’ proposed
further specification of the boundary conditions in which this requirement should be applied.

Including more detail on the circumstances in which continuous uninterrupted operation must be
maintained in the ESM Rules in a similar manner will be helpful to all parties in the connection
process. It will provide the Network Operator and AEMO with a clearer understanding of a facility
limitation such that it can be included in its power system operations and planning studies and
facilitate compliance for different types of technologies.
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The clarifications proposed to be provided are outlined below.

Automatic User Performance Standard (A12.9.2.3)

A Generating System and each of its Generating Units must remain in continuous uninterrupted
operation for a series of up to 15 disturbances within any five-minute period caused by any
combination of the events described in A12.9.2.2 where:

1) up to six of the disturbances cause the voltage at the Connection Point to drop below 50%
of normal voltage;

2) in parts of the network where three-phase automatic reclosure is permitted, up to two of the
disturbances are three phase faults, and otherwise, one three phase fault in which voltage
at the Connection Point drops below 50% of normal voltage;

3) one disturbance is cleared by a breaker fail protection system or similar back-up protection
system;

4) one disturbance causes the voltage at the Connection Point to vary within the ranges under
clauses A12.8.2.1(e) to A12.8.2.1(h);

5) the minimum clearance from the end of one disturbance and commencement of the next
disturbance may be zero milliseconds; and

6) all remaining disturbances are caused by faults other than three phase faults,
provided that none of the events would result in:
7) the islanding of the Generating System or cause a material reduction in power transfer

capability by removing network elements from service;

8) the cumulative time that voltage at the Connection Point is lower than 90% of normal voltage
exceeding 1,800ms within any five-minute period; or

9) the time integral, within any five-minute period, of the difference between 90% of normal
voltage and the voltage at the Connection Point when the voltage at the Connection Point is
lower than 90% of normal voltage exceeding 1 per-unit (pu) second.

Minimum User Performance Standard (A12.9.3.3)

A Generating System and each of its Generating Units must remain in continuous uninterrupted
operation for a series of up to six disturbances within any five-minute period caused by any
combination of the events described in A12.9.3.2 where:

1) up tothree of the disturbances cause the voltage at the Connection Point to drop below 50%
of normal voltage;

2) one disturbance causes the voltage at the Connection Point to vary within the ranges agreed
by AEMO and the Network Operator under clauses A12.8.3.1(d) to A12.8.3.1(g) (as
appropriate);

3) the time difference between the clearance of one disturbance and commencement of the
next disturbance exceeds 200ms

4) no more than three of the disturbances occur within 30 seconds; and

5) all disturbances are caused by faults other than three phase faults,

provided that none of the events would result in:

6) theislanding of Generating System or cause a material reduction in power transfer capability
by removing network elements from service;

7) the cumulative time that voltage at the Connection Point is lower than 90% of normal voltage
exceeding 1,000 milliseconds within any five-minute period; or

8) the time integral, within any five-minute period, of the difference between 90% of normal
voltage and the voltage at the Connection Point when the voltage at the Connection Point is
lower than 90% of normal voltage exceeding 0.5 per unit (pu) second,

and there is a minimum of 30 minutes where no disturbances occur following a five-minute period
of multiple disturbances.

A
~~

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW 52



The occurrence of multiple voltage disturbances could result in conditions in which the SCR seen at
the Connection Point drops below the minimum SCR approved by Western Power at the time of
connection. Facility control system tuning is not expected for such operating conditions as to do so
could adversely impact performance for higher and more likely SCR conditions.

In addition, a new clause A12.9.4.2 is proposed to be introduced, setting out that a negotiated access
standard may include the required response of a Generating System for each combination of power
system disturbances or conditions specified in Appendix 12 which should be as close to continuous
uninterrupted operation as is reasonably practicable. The negotiated access standard, or any agreed
Generating System limitations, must not reduce the overall number of disturbances in a given period
for which the Generating System is required to remain in continuous uninterrupted operation below
the level specified in this Appendix.

Clause A12.9.1.4 currently sets out that when assessing multiple disturbances, a fault that is re-
established following operation of automatic reclose Protection Scheme shall be counted as a
separate disturbance. To provide improved clarity to the interpretation of this clause, the definition
of ‘end of the disturbance’ from the NER is proposed to be adopted. This is as follows: is the time
when, following a system disturbance, the root mean square magnitude of the voltage at the
Connection Point, for previous one-cycle period of the fundamental frequency, is within the
continuous uninterrupted operation region.

Proposal 9

Amend the following clauses to improve clarity on disturbance ride through for multiple
disturbances as follows:

e Amend clause A12.9.1.4 to include a definition of when individual deviations end for use in
assessing multiple disturbances.

e Amend clauses A12.9.2.3 and A12.9.3.3 (the Automatic and Minimum User Performance
Standards) to provide more clarity on the circumstances in which a facility must remain in
continuous uninterrupted operation;

e Introduce a new clause A12.9.4.2, that allows for a negotiated access standard to include the
required response of a Generating System for each combination of power system
disturbances or conditions specified in Appendix 12 (which should be as close to continuous
uninterrupted operation as is reasonably practicable); and

e Add a definition for ‘end of the disturbance’.

Consultation question

o Do stakeholders agree with the above proposed provisions/standards?

¢ Should corresponding changes be made to the equivalent provisions, which will apply to
Medium Energy Producing Systems (inc. ESR) <10MVA connected to high voltage and
medium voltage network?

Damping of power system oscillations

Damping of power system oscillations refers to the process of controlling or reducing oscillations in
the power system, particularly those that may affect the system’s stability. The objective of this
requirement is to ensure that the facility does not cause or worsen damping of power system
oscillations.

A key advantage of grid-forming inverters is that they are not expected to cause or exacerbate any
oscillations in the sub- or super-synchronous frequency range even under low system strength
conditions. This is a core capability of the technology that can be provided alongside other
capabilities. As such it is recommended to be considered as a Minimum User Performance Standard
with no Automatic User Performance Standard.
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It is recommended that the maximum frequency of oscillations specified by AEMO and Western
Power be limited to 300 Hz, aligning with the typical bandwidth of converter control systems for
most IBRs. If the control system's bandwidth is less than 300 Hz, AEMO and the Network Operator
may determine a lower maximum frequency for which oscillation damping is required, provided the
developer and the respective OEM submit sufficient supporting evidence.

Proposal 10

With regard to grid-forming inverters, add a new clause A12.4.3.8 which states that the Minimum
User Performance Standard is as follows:

The Generating System must have Equipment capabilities and Control Systems, including, if
necessary, a power system stabiliser, sufficient to ensure that:

e operation of the Generating System does not degrade the damping of power system
oscillations; and

e operation of the Generating System does not cause instability or poorly damped oscillations
that would adversely impact the SWIS power system or other Equipment connected to the
SWIS.

AEMO and the Network Operator will specify a frequency range of oscillations consistent with the
bandwidth of control systems for which the above requirements will apply. An upper frequency
limit of 300 Hz will be applied unless sufficient evidence is provided to AEMO and the Network
Operator regarding the actual bandwidth of the converter control.

Consultation question

e Do stakeholders agree with the above proposed provisions/standards?

e Should corresponding changes be made to the equivalent provisions, which will apply to
Medium Energy Producing Systems (inc. ESR) <10MVA connected to high voltage and
medium voltage network?

Partial load rejection

Partial load rejection refers to the circumstance in which there is a sudden load loss in the system
which causes the generating equipment to experience over-frequency. Facilities should be able to
maintain continuous uninterrupted operation following a rapid loss of system load.

The AEMC has recently proposed a change to the definition of continuous uninterrupted operation
to recognise potential beneficial responses, such as active power response opposing phase angle
jumps and primary frequency response including inertial response opposing frequency changes. The
AEMC noted that'®:

o the absence of any allowance for such responses may disincentivise their provision, despite
being beneficial to power system operation;

e the draft rule would modify the definition of continuous uninterrupted operation and relevant
access standard clauses to permit inherent or programmed responses opposing voltage phase
angle jumps and frequency changes, including inertial response during disturbances; and

o the draft rule would remove impediments and speed up connection process for grid-forming
inverters, since inertial response is programmed in grid-forming inverters rather than inherent.

It is proposed that similar revisions are made to the definition of continuous uninterrupted operation
in the ESM Rules, as shown below.

15 Draft determination Improving the NEM access standards - Package 1
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Continuous uninterrupted operation: In respect of a Generating System or operating
Generating Unit within a Transmission Connected Generating System that is operating
immediately prior to a power system disturbance, means:

a) not disconnecting from the SWIS except as required or permitted under its User Facility
Standard?é;

b) during the disturbance contributing active and reactive current or active power and reactive
power, as required or permitted by its User Facility Standard,;

c) after clearance of any electrical fault that caused the disturbance, not substantially varying
its active power and reactive power except as required or permitted by its User Facility
Standard; and

d) not exacerbating or prolonging the disturbance or causing a subsequent disturbance for
other connected equipment, except as required or permitted by its User Facility Standard,

with all essential auxiliary and reactive equipment remaining in service and accounting for, where
applicable:

e) inherent or programmed responses, in accordance with good electricity industry practice,
opposing rate of change of frequency (inertial response) or opposing phase angle jumps;
and

f) responses consistent with the operation of the equipment in accordance with clause A12.6.

In AEMC'’s draft determination in December 2024, the application of partial load rejection is proposed
to exclude asynchronous generating systems except for grid forming IBR providing an islanding
capability, in which case the existing requirements should remain applicable!’. It is proposed the
same principle applies in the ESM Rules.

To complement this, it is proposed that clause A12.6.1.5 is amended to exempt facilities providing
an inherent or programmed responses, in accordance with good electricity industry practice,
opposing rate of change of frequency (inertial response) or opposing phase angle jumps, from
complying with the requirements of that clause. This revised definition also affects other Technical
Requirements (e.g. A12.9.2.3).

Proposal 11

Adopt changes to the definition of continuous uninterrupted operation and clause A12.6.1.5 to
recognise potential beneficial responses, such as active power response opposing phase angle
jumps and primary frequency response, including inertial response opposing frequency changes.

Consultation question

o Do stakeholders agree with the above proposed provisions/standards?

¢ Should corresponding changes be made to the equivalent provisions, which will apply to
Medium Energy Producing Systems (inc. ESR) <10MVA connected to high voltage and
medium voltage network?

16 Currently defined as Generator Performance Standard in Appendix 12.

17 Requirements for grid-forming inverters are still under development in the NEM.
A
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3.4 SWIS System Strength Framework

3.4.1 Issue

System strength is one determinant of how well the power system can return to normal operation
following a disturbance or fault. In practical terms, power systems with system strength can maintain
voltage levels within limits following changes in power flows.

Synchronous machines, which have traditionally dominated the power system, are a source of
system strength. Grid-following IBR provide a significantly lower and different contribution towards
fault level, which means that the lowest system strength on a power system is likely to be in a location
where the fleet is dominated by IBR and is electrically remote from synchronous machines.

Therefore, it is becoming increasingly important to forecast and manage system strength issues to
maintain a secure power system.

Components of system strength

System strength is an umbrella term to describe a set of complex related phenomena such as:

1. Sensitivity of voltages to injections/withdrawals of reactive power, such as voltage step
changes, the propensity for converter-driven oscillations and adverse interactions, dynamic
voltage stability issues like fault-induced delayed voltage recovery, among others.

2. Phase-locked loop (PLL) stability for grid-following IBR and adverse converter behaviour after
disturbances.

3. Fault level requirements for the correct operation of protection systems.
4. Bulk power transmission and steady-state voltage stability.
Common proxy measures of system strength include balanced three-phase fault level and SCR.

The concept of system strength has evolved over the years, but contemporary definitions tend to
focus on the quality of the voltage waveform.

Generally, system strength issues like protection system operation and voltage stability are the
responsibility of the network operator. However, it can be argued that other issues are a joint
responsibility between the network operator and generation or ESR proponents, such as post
disturbance PLL stability, convertor driven voltage oscillations and dynamic voltage stability.

System strength in the WEM

In the WEM, management of system strength is spread across multiple regulatory instruments.
Current clarity and responsibilities on this topic include:

¢ ESM Rules

- Definitions of System Strength and System Strength Requirements and specific reference
to consideration and management of System Strength.

- References to the constituent parts of System Strength in the Transmission System Plan
(TSP) and NCESS provisions.

- Consideration given under specific WEM Procedures including the Power System Security
procedure and the Power System Stability Guideline.

e Technical Rules

- The current version of the Technical Rules does not refer to System Strength and does not
allocate responsibility for planning the transmission and distribution system to provide
sufficient System Strength. However, Western Power’s planning obligations around the
constituent parts of System Strength are captured implicitly under existing voltage stability,
power quality, protection and fault level criteria (i.e. technical performance standards).
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Considerations for a new framework
A robust system strength framework should promote:

Efficient planning and investment: by both the Network Operator and generation/ESR
proponents as it pertains to the forecasting / quantification and resolution of system strength
issues.

Clear demarcation of responsibility: between relevant parties for resolving system strength
issues.

Appropriate cost allocation: between the relevant parties that is reflective of the system
strength needs that are being addressed.

Appropriate risk allocation: between the Network Operator and proponents, trading off the
risk of over-investment and the risk of excessive curtailment affecting proponent revenues.
Transparency: to allow informed investment decisions to be made and risks to be appropriately
priced.

Solution-agnostic: the framework should be compatible with the range of remediation options
available, e.g. network investment, contracts with market generators, collective re-tuning, etc.
Fairness for incumbent facilities: who have remained compliant with all their obligations and
are adversely affected by new facilities connecting and/or changes to the power system.

Each of these elements as it relates to the SWIS are discussed below.

Table 12: Components of an effective system strength framework

Component Current WEM arrangements

Efficient There is no single source of “truth” for forecasting the future demand and
SEULIII Il cnergy producing mix in the SWIS over a 10-year period to inform any system
investment strength related investments. Current forecasts include:

¢ AEMO WEM Electricity Statement of Opportunities (ESOO) — Only
assumes existing and committed energy producing systems;

¢ AEMO Gas Statement of Opportunities (GSOO) — Assumes least-cost
expansion as it relates to gas powered generation;

o EPWA Whole of System Plan (WOSP) and ad hoc studies like the SWIS
Demand Assessment — Assumes least-cost expansion but no expected
scenario; and

e TSP — must account for power system security and reliability standards
and requirements under the ESM Rules (clause 4.5B.5) and the Technical
Rules, with consideration of scheduled connection of new loads or
generators (clause 4.5B.6). No clear guidance is included in relation to
uncommitted loads or energy producing systems, or retirements, which
may impact System Strength needs.

O[S « There is an existing obligation in the Technical Rules (clause 5.5.1) for
responsibilities Western Power to publish maximum fault levels at each transmission

node. However, there currently exists no obligations for any entity in the
SWIS to determine, maintain and publish minimum three-phase fault
levels (in MVA) in the transmission network.

e In practice, Western Power also publish current and future (+5 years)
minimum three-phase and single-phase fault currents (in kA) at each
transmission node in the annual TSP, which is intended to convey
information to network users for facility design and protection purposes.
However, the methodology for determining the future fleet is not specified,
nor are the dispatch, outage and/or demand scenarios articulated.
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Component Current WEM arrangements

e Proponents may request a service from the Network Operator as part of
the connection process and may enter into negotiations using the
framework under the ENAC if they cannot reach agreement on the service
request. Under this framework, a proponent could request system strength
services from the Network Operator and enter into negotiations regarding
this.

(Ol ¢ There is no specific cost allocation framework between the Network
Operator and proponents if the Network Operator is investing to maintain
system strength. The capital contribution and network pricing
requirements of the ENAC cover all investments that the Network
Operator must make to meet the PSSR objectives.

N QUM o There is no guidance for the Network Operator to plan or make proactive
system strength investments to facilitate network characterised by more
inverter-based resources, nor is there explicit guidance on the market
benefits of alleviating system strength constraints.

e For new proponents, system strength issues are expected to be captured
and rectified during the grid connection process.

Transparency ¢ The Network Operator may maintain minimum fault levels implicitly behind
the scenes as part of business as usual (BAU) transmission planning, but
without any formal obligations, this process can be (and currently is) very
opaqgue. Moreover, the current requirement is simply to publish the fault
levels, without determining and maintaining minimum levels. While this
may be done implicitly behind the scenes as part of BAU transmission
planning, it is not transparent regarding what the minimum fault levels are
and how they were determined.

Solution e Given the lack of framework, there is limited guidance on solutions for
agnostic resolving system strength issues.

Fairness J@ ¢ There is no mechanism to address system strength issues that emerge
incumbent post-connection and, should system strength issues emerge, the most
facilities likely outcome is the application of dispatch constraints.

3.4.2 Proposals
A revised system strength framework for the SWIS is proposed to cover the following matters:

A revised System Strength definition;

o Clarity on future fleet (generation and energy producing systems) outlook for use in fault level
assessments;

e A requirement for the Network Operator to forecast and maintain minimum fault levels for
network protection; and

e A centralised planning/investment function for system strength to facilitate new connections.
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Revised system strength definition

EPWA developed the proposed system strength definition in consultation with Western Power and
AEMO. It harmonises the current WEM definition with the proposed AEMC definition, to capture both
locational considerations, and the need to capture steady state operation and disturbances.

The PSSRSWG and MAC agreed with the proposed definition.

Proposal 12
The following definition of system strength will be implemented in the ESM Rules:

System Strength: Relates to the ability of the power system to resist changes to the voltage
waveform in a particular location, both during steady state operation and following a disturbance,
including, but not limited to, a sudden change in a Load or an Energy Producing System, the
switching of a Network element, tapping of transformers and faults.

Consultation question

e Do stakeholders agree with the proposed definition?

A future fleet outlook for use in fault level assessments

Forecasting fault levels across the SWIS (on a nodal basis) requires a forecast of the expected fleet.
This forecast should take into account the likely fleet given:

e The Essential System Services (ESS) requirements in the WEM (in particular the Rate of
Change of Frequency (RoCoF) Control Service requirements); and
e The investment likely to meet minimum fault levels for network protection.

As noted above, an expected fleet over a 10 year horizon is not currently generated as part of any
of the current SWIS forecasting processes.

EPWA considers it necessary that EPWA, AEMO and the Network Operator align on a forecasting
approach to be used to determine a 10-year generation and ESR capacity outlook on an annual
basis. Consideration will be given in detailed design to:

o Whether or how this reflects capacity (i.e. MW), technologies (e.g. gas/wind/solar) and locational
factors.

e The interaction between various planning documents to ensure alignment, including:

- The WOSP, which sets network Priority Projects
- The TSP, which drives network augmentations
- The Reserve Capacity Requirement

This approach is intended to provide all stakeholders with the information required to carry out fault
level forecasting activities.

There was general agreement by the PSSRSWG and MAC on this proposal, with members noting
that:

e The location of future investment in generation and ESR will depend on transmission planning,
and that the analysis should take this into account.

o The future fleet outlook can also have a broader use, for example in analysing the impact of
network congestion on market outcomes.

e The framework must capture the availability of resources that provide system strength into the
future (i.e. account for outages and maintenance of the facilities that provide system strength).

o Currently only Facilities with synchronous inertia can provide RoCoF Control Service, and
therefore this market acts as a safety net to manage system strength (noting that this may not
account for locational needs). In the future there may be provisions that allow for synthetic inertia
to provide RoCoF, and System Strength may become the binding system need which requires
synchronous generation to be operating.

P

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW 59



e Further work is required on the detailed design parameters to ensure efficient resource utilisation
and minimal timing impacts.

Proposal 13

AEMO, EPWA and the Network Operator to align on a forecasting approach, in consultation with
interested stakeholders through public consultation. This approach should include the
methodology, inputs, assumptions, and scenarios necessary for the determination of an expected
10-year generation and ESR capacity outlook on an annual basis.

This fleet mix should reflect capacity (i.e. MW), technologies (e.g. gas/wind/solar) and broad
locations (e.g. regions).

Consultation question

e Do stakeholders agree with the proposed forecasting approach?

Maintaining minimum fault levels required for network protection

EPWA considers that the Network Operator should be required to forecast shortfalls in the minimum
fault level required for secure and reliable operation of the network. This should be through a
transparent process, with the methodology for such calculations developed through public
consultation and using the expected fleet outlook and demand forecast discussed in proposal 16.
Transparency in the methodology and calculations will provide confidence to industry that any
investments being made are prudent. The PSSRSWG and MAC were broadly supportive of this
proposal, noting that there must be a clear distinction in the framework between shortfalls with regard
to the level required for network protection to operate and the level required for IBR to remain stable.

Proposal 14
The Network Operator will be required to:

e develop and publish a methodology for calculating minimum fault level requirements at each
transmission node;

¢ Compare the minimum fault level requirements with the expected fault level at each node as
part of the TSP each year, using the fleet outlook and the demand forecast, as part of the
System Strength calculation; and

e resolve any forecast shortfalls through network reinforcement or non-network solutions (e.g.
competitive NCESS procurement), as necessary.

Consultation guestion

o Do stakeholders agree with the proposed approach to managing minimum fault levels for
network protection?

A centralised planning/investment function for system strength to facilitate new
connections

Currently, the Network Operator is not obliged to make proactive investments in System Strength to
bolster IBR hosting capacity. There is a continuum of options to consider how proactive (or
otherwise) the Network Operator should be, as shown in Figure 4.
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Figure 4: Spectrum of options for Network Operator involvement in planning and
investment for system strength

Bolster negotiation framework
Retain non-specific negotiation (i.e. specify system strength as a
framework from ENAC. service that can be requested
and add guidance).

The Network Operator assigned
full responsibility to invest based
on forecast of future fleet.

EPWA considers that it is appropriate to introduce a centralised framework that requires investment
to ensure sufficient system strength to meet an expected fleet of inverter-based resources is
preferred.

There is significant investment into network infrastructure needed to unlock new capacity for energy
producing systems, and a similar need to invest in the system strength services to support that fleet.
With the current lead times for procuring technology such as synchronous condensers, adopting a
‘connect and manage’ approach, in which issues are only addressed as facilities seek to connect,
may mean that the pool of potential solutions becomes more limited.

A centralised framework will provide planning certainty for both the Network Operator and
proponents seeking connection, and unlock constraints on cheaper forms of generation or ESR that
may otherwise not enter. It will allow for a holistic approach that achieves the lowest whole of system
cost. For example, while system strength could be maintained through significant IBR curtailment,
the need to engage with AEMO on the impacts on reliability, and whether another mitigation will
deliver a better outcome for security and reliability, which this framework should allow for.

System strength and fault level issues may be able to be resolved in some instances by changes to
control settings. There are currently some, limited, provisions in the Technical Rules that allow for
adjustments to control settings, however these provisions are not replicated in the ESM Rules. As
the energy transition continues and the system is characterised by more IBR, the complexity of
interacting control schemes increases. A more fit-for-purpose framework that allows for proactive
review of a facilities control settings will provide a pathway to more efficient resolution of emergent
system security issues. The capability of existing facility and the costs/risks associated with
implementing the new settings will be key considerations in the detailed design of this framework.

e The PSSRSWG and MAC were broadly supportive of this concept, noting that OEM updates
may make inverters capable of providing system strength or inertia, however the process for
modifying a registered GPS is onerous. It would be useful to have a more streamlined process
to update facilities’ systems to provide these services without going through a full re-registration.

e A set and forget approach to settings for IBR may not be appropriate, particularly where it is a
lower cost to retune plant or introduce new firmware as opposed to installing other technology
or remediating elsewhere.

e Acceptance of the forecasting and regulatory mechanisms is critical, and there is a need to
ensure that:

- there is a competitive and solution agnostic remediation framework, and in particular that
the provision of system strength by existing facilities that can operate as synchronous
condensers should be allowed,
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- the accreditation requirements (or equivalent) are achievable to ensure a range of cost-
effective solutions remain available, with several members of the MAC noting that this had

not been their experience in applying for accreditation with respect to RoCoF cost recovery;
and

- if existing facilities need to update settings or inverters to provide system strength there
must be a cost recovery mechanism for that.

In consultation with stakeholders, consideration will be given during detailed design to:

¢ How far ahead investment should be triggered;

e What threshold should be applied to trigger investment to avoid the risk of stranded assets; and
e How should costs be allocated.

Proposal 15

The Network Operator will be required to forecast shortfalls in system strength required to host
the expected portfolio of inverter-based resources on the system, and to take steps to procure

services that can address these shortfalls through competitive mechanisms (using the NCESS
framework).

Provisions will be incorporated into the ESM Rules to determine whether generator settings
continue to meet a test for ongoing suitability, and allow the Network Operator and/or AEMO
to request that settings are retuned as appropriate through a streamlined process.

Consultation guestion

Do stakeholders agree that the Network Operator should be obliged to make proactive
investments to maintain system strength sufficient to host the expected fleet in a region?
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3.5 Coordinating assumptions and inputs for forecasting

3.5.1 Issue

Forecasts are required to support the application of many PSSR Standards, and the assumptions
and inputs used in the forecasting process can have a material impact on PSSR and consumer cost
outcomes. There are several key forecasting processes in the WEM, each serving distinct purposes
and being conducted over different timeframes to address system adequacy and planning needs.

Projected Assessments of System Adequacy (PASA), are used by AEMO to forecast power
system needs over various timescales so it and others can take steps to avoid PSSR issues.
TSP, is an annually updated 10-year plan developed by the Network Operator for the SWIS
transmission network. It considers challenges, proposes developments, and identifies solutions
to ensure power system security and reliability, and long-term benefits for customers.

WOSP, prepared every five years by the Coordinator with input from AEMO and the Network
Operator, provides a 20-year outlook for the SWIS.

Currently, the different forecasts used for PSSR purposes utilise different assumptions and inputs.
While this is necessary in certain circumstances, in which different analysis is being conducted and
different PSSR Standards are being assessed, if the assumptions and inputs are not considered in
a coordinated approach, there is a risk of inconsistencies arising and creating ambiguity in the
application of the PSSR Standards.

The PSSR Standards Review identified the need for a more integrated and consistent approach to
forecasting assumptions and inputs, as there is currently no coordinated approach to their
consideration across the various PSSR Standards.

The PSSR Standards Review considered two alternative options to achieve an appropriate
coordination on forecasting inputs/assumptions for PSSR:

through collaboration between parties responsible for forecasting, with some general rules
included in the ESM Rules to guide parties towards that collaboration: or

through a more formal construct such as an inputs register, which would require a party to be
responsible for establishing and maintaining the register, validating data, ensuring it is used in
all relevant forecasting processes and reviewed on a regular basis.

3.5.2 Proposal

EPWA considers that the option of a prescribed register will likely introduce unnecessary rigidity and
an increased administrative burden with limited additional benefit relative to a less formal but still
collaborative approach.

EPWA'’s preference is therefore that coordination of forecasting assumptions and inputs is achieved
through collaboration between parties responsible for forecasting, with some general rules to be
included in the ESM Rules to guide parties towards that collaboration.

It is considered that this proposal would allow for a more flexible and adaptive problem-solving
approach for the parties responsible for forecasting, while supporting the need for greater
collaboration between them and achieving appropriate coordination on forecasting
inputs/assumptions for PSSR. It will allow consideration of matters such as national assumptions for
decarbonisation, multi-sector modelling and the Inputs, Assumptions, Scenarios and Methodology
document produced in accordance with proposal 13.

The PSSRSWG members were supportive of this proposal.

Further consideration must be given to determine the appropriate working arrangement in which
forecasting processes are conducted as consistently as practical. This work will be concluded by
the parties responsible for forecasting.

The following key matters must be considered as part of this work:

P

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW 63



e |dentifying the data required to enhance forecasting mechanisms;

e |dentifying and removing barriers to information sharing; and

e Expediting the transfer of information between the parties responsible for forecasting (to
facilitate data sharing).

Proposal 16

To achieve a coordinated approach to forecasting inputs and assumptions, a collaborative process
between the parties responsible for forecasting (EPWA, AEMO and the Network Operator) should
be established, with general rules included in the ESM Rules to guide the parties towards effective
collaboration.

Consultation question

o Do stakeholders consider a collaborative approach will bring about the necessary consistency
in forecasting?

3.6 Ride though requirements for network elements

3.6.1 Issue

Ride through requirements currently refer to the technical standards that ensure that generators and
loads can remain connected to the electricity grid during disturbances, such as voltage and
frequency variations. These requirements are important for maintaining the stability and reliability of
the power system, especially during unexpected events.

There is no specific requirement for the Network Operator to design, install or operate the network
in a manner that will not trip elements for the same system disturbances that generators and loads
are required to remain connected for (in continuous uninterrupted operation).

Chapter 2 of the Technical Rules currently outlines an obligation for Western Power to maintain
voltage within certain bounds, however there is no obligation for the protection devices to be required
to stay in service during specific voltage disturbances (and similarly for frequency disturbances).

While this nuance may historically not have been a concern because of the application of simple
electromechanical relays, modern relays are becoming increasingly sophisticated with capabilities
to respond to a broader range of circumstances.

In contrast, there are clear requirements in ESM Rules Appendix 12.7 — 12.9 for transmission
connected generation facilities, defining during what disturbances the facilitates are required to
remain in continuous uninterrupted operation.

While there are potential financial implications for the Network Operator in the RoCoF market’s cost
recovery arrangement, the inability of the network to remain connected and operational during
system disturbances can potentially have a significant impact on system security.

3.6.2 Proposal

EPWA considers that it is appropriate that the same ride through requirements are applied to network
elements as those that are applied to other facilities.

While the PSSRSWG was supportive of this proposal, Western Power separately expressed the
following concerns about the proposal:

o the network is built with multiple redundancies and the lack of a single element failing to ride
through would not result in PSSR impacts or loss of supply for customers. Therefore, this would
become an administrative burden without any benefit; and

e implementing such an obligation could result in safety and cost impacts that would require
careful consideration during the design and operation of the network.
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EPWA considers that the proposal aligns with the overarching aim to ensure uniformity across all
facilities as these are integrated under one consistent framework, as part of the ESM Rules, while
also providing proactive mitigation of PSSR risks.

Proposal 17

Apply the facility ride through requirements, for the definitions relating to disturbances of the
current ESM Rules Appendix 12.7- 12.9, on network elements with appropriate supporting text to
clarify that this standard does not apply to:

e Faulted primary equipment disconnected under the requirements of the current Technical
Rule section 2.9.

e The operation of the Load Shedding requirements of the current Technical Rule clause 2.3.2
and section 2.4.

o elements of the network that are designed to trip as part of a scheme (e.g. protection scheme
or generation runback scheme).

Consultation question
Do stakeholders support the proposal to require network elements to ride through disturbances?

3.7 Customers’ ability to negotiate or change their level of
reliability through non-reference services

3.7.1 Issue

Customers can request non-reference services under the ENAC and Western Power has
implemented this for larger customers if the cost of the required control systems can be warranted.
The customer request is typically to avoid significant capital contributions required to deliver the
standard level of reliability required by the PSSR outcome standards. Customers can also participate
in demand side response services, and increasing participation by smaller customers in these types
of arrangements is expected.

When customers select a different reliability standard, the application of the associated instruments
is in some cases unclear. For example:

e The Technical Rules do not fully reflect this customer option and the items that may be
negotiable.

e ltis unclear how non-reference network services will be reflected in the WEM processes if they
are being used to improve market efficiency (deliver a net benefit) in place of direct network
investment.

e It is unclear how the Under Frequency Load Shedding (UFLS) settings would change for
customers getting a financial benefit from demand side response services.

e It is unclear whether and how a customer would return to the reliability levels required by the
customer outcome standards should the system conditions change to permit this.

Further, while exemptions to the Technical Rules are listed on the ERA website, variations to the
standards for relevant customers are not.

3.7.2 Proposal

Resolving this issue requires improving the clarity and transparency within the ESM Rules about
these arrangements. The ESM Rules should be clear about which modifications are available to
customers interested in a non-reference service, and any such modifications should be published
(this will not be applied retrospectively). This publication does not need to include specific customers
details, but provide sufficient information such that other connection applicants can understand the
range of non-reference services that have been negotiated.
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Proposal 18

The ESM Rules will provide clarity on which customer outcome standards can be modified as part
of a non-reference service, and any agreed modifications will be published.

Should conditions change such that the customer can be provided the reference level of reliability
as per the customer outcome standards, the register will be adjusted to reflect this.

Consultation question
Do stakeholders agree that the framework to improve clarity and transparency?

3.8 Governance of PSSR Standards

3.8.1 Issue

Governance is a broad concept. For the purposes of the PSSR Standards and their inclusion in the
ESM Rules, governance has been defined to include the following questions:

e Who is responsible for creating and changing the PSSR Standards (PSSR Standard evolution
and change management)?
What is the dispute resolution mechanism?

¢ Who has monitoring responsibilities for compliance with the PSSR Standards?
What are the implications of non-compliance (enforcement)?

The Energy Transformation Taskforce set out several key foundation principles for the governance
of the PSSR Standards Framework that address several of these issues.

Table 13: Taskforce decisions about governance of the PSSR Standards Framework

Governance body Description

Coordinator of Energy ~ The Coordinator to govern a centralised PSSR Standards framework.

Reliability and Security The Coordinator to be supported in its governance role by an advisory

Advisory Panel panel - a Reliability and Security Advisory Panel (RSAP), that has
representation from AEMO, Western Power as the Network Operator,
customer groups and industry representatives.

The role of the Network The role of AEMO and the Network Operator will broadly continue as

Operator and AEMO described under the El Act, the ESM Regulations and Rules, the ENAC
and the Technical Rules with consequential amendments required to
give effect to the centralised governance framework

The role of the ERA The ERA’s responsibility for economic regulation, compliance
monitoring and enforcement will remain but with the governance of the
Technical Rules to be brought into the centralised governance
framework under the ESM Rules.
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3.8.2 Proposal

Having regard to the definition of governance outlined above, EPWA considers that the following
responsibilities should apply in the ESM Rules.

Table 14: Proposed governance framework for PSSR Standards in the ESM Rules

Governance Activity Responsible Advisor'® Compliance Appeals Enforcement

Party body
Rule changes Minister for Reliability NA Electricity N/A
Energy/ Panel Review
Coordinator Board
of Energy
Confirming Initial Network AEMO (for NA N/A ERA
Compliance with User Operator Large User
Standards Facilities)
Monitoring Large AEMO None AEMO N/A ERA
ongoing User
compliance Facilities
v;nt:: dus;(e;r Medium Network None Network N/A ERA
stanhdards User Operator Operator
Facilities
AEMO compliance with AEMO - ERA ERA

ESM Rules obligations,
including system

standards
Network Operator Network - ERA ERA
compliance with ESM Operator

Rules, including
network standards

Dispute resolution Arbitrator Technical NA NA
mechanism on Experts
Application of
Standards?®

The Reliability and Security Advisory Panel, proposed by the Taskforce, will be established as a
standing working group under the MAC, named the Reliability and Security Advisory Working Group
as a group that the Coordinator can consult on changes to the PSSR Standards.?° The requirement
for the Coordinator to consult this working group will replace clause 2.4.3B of the ESM Rules which
requires the Coordinator to consult with AEMO and the Network Operator on Amending Rules which
affect a WEM Technical Standard.

As noted in section 3.2.2, consideration will be given in detailed design to the best way to harmonise
these frameworks to create a single dispute resolution process that can apply to any dispute under

18 This refers a formal advisory role within the ESM Rules
19 Available to existing facilities as at July 2021 captured by the current ESM Rules GPS framework

2ORules that contain PSSR Standards will need to be designated in the ESM Rules for transparency about when the Reliability and
Security Advisory Panel.

~

POWER SYSTEM SECURITY AND RELIABILITY (PSSR) STANDARDS REVIEW




the ESM Rules, with appropriate arbitrators and technical experts available to parties that may wish
to use this process.
Proposal 19

Governance arrangements that reflect the relevant recommendations in the Energy
Transformation Taskforce PSSR Standards Framework Information Paper will be implemented.

Consultation question

Do stakeholders have any specific concerns with the allocation of roles and responsibilities in the
proposed governance framework for PSSR?

3.9 Western Power September 2023 Proposed Technical
Rules Amendments

3.9.1 Issue

Western Power identified issues with the current security and reliability framework in its July 2021
and September 2023 Technical Rules amendments submission to the ERA, and proposed solutions
to these in a revised version of the Technical Rules each time.

Both submissions have been withdrawn, as the proposed changes were closely linked to matters
being addressed through the State Government’s Energy Transformation Strategy reforms, including
the PSSR Standards Review. It was deemed important for Western Power’s proposed amendments
to be considered and progressed consistently with these reforms.

As noted previously in this paper, EPWA intends to (subject to consultation) transfer the PSSR
related provisions of the revised Technical Rules as per the September 2023 submission to the ESM
Rules.

Many of the PSSR related issues raised in the Western Power proposed Technical Rules
amendments have been addressed by the findings and proposals of this PSSR Standards Review.

However, there are some issues raised in the September 2023 Technical Rules Submission which
are not captured by the proposals covered above in this paper.

3.9.2 Proposal

Given the proposed amendments to the Technical Rules have not previously been consulted on,
EPWA is consulting on the issues raised through this process.

The relevant matters that EPWA is seeking comments on from the September 2023 Technical Rules
Submission are listed in Table 15.

Stakeholders are encouraged to review the details related to these issues via the below links. To
avoid unnecessarily duplicating content, the analysis and proposals detailed in these documents has
not been repeated here.

e \Western Power Technical Rules amendment proposal — September 2023
e \Western Power Technical Rules amendment proposal, supporting document — September 2023
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https://www.erawa.com.au/cproot/23556/2/TECHNICAL-RULES---Proposed-Sep-2023-version-Clean.PDF
https://www.erawa.com.au/cproot/23555/2/ERA-Submission-Technical-Rules-amendments-supporting-document---Sep-2023.PDF

Table 15: PSSR related matters in the Western Power Technical Rules submission

Ref (in the Additional notes for consultation

supporting
document)

3.4 Stakeholders are requested to focus on any
implications arising from the Western Power’s
proposed technical limits and the inclusion of
‘economic efficiencies’ in clause 2.2.2.7(c).

Transmission voltage limits

Distribution voltage limits can be clearer

RIS Rl 3.5 and aligned with wider limits adopted in
other jurisdictions and AS 61000.3.100.
Since the time of the submission in
September 2023 there have been changes to
the Australian Standards. The revised
proposal is to adopt the limits in AS IEC
60038: 2022 voltage standard, which
stipulates a voltage supply range of +/- 10%
under normal operating conditions

Standard for transient stability 3.6

Standard for oscillations 3.7 Note that as per proposal 8, the term
adequately damped is proposed to be
replaced with adequately controlled in
Appendix 12 of the ESM Rules. Feedback is
being sought on whether the same
amendment should be made to the provisions
discussed in 3.7 of the Technical Rules
submission.

Voltage stability 3.8

Network Service Provider 3.9

obligations - Stability and

modelling”

Network Service Provider 3.11

obligations - Power system

performance

Network Service Provider 3.12

obligations - System restart”

UFLS requirements 3.13 Western Power’s obligation to analyse and

understand if the UFLS system meets
required outcomes in support of AEMO's
development of the UFLS requirements will
be considered. Work will continue between
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https://www.erawa.com.au/cproot/23555/2/ERA-Submission-Technical-Rules-amendments-supporting-document---Sep-2023.PDF

Ref (in the
supporting
document)

Additional notes for consultation

Definition of credible contingency 4.2

Definition of plant ratings to adopt 4.3
cyclic or short-term ratings

Duration of protection equipment 5.3
being taken out of service

Definition of equipment for which 5.4
Critical Fault Clearing Times
(CFCTs) apply

Weak infeed assessments under 5.5
islanding conditions

Distinction between transmission 5.6
and distribution protection

operation for critical fault clearance
times

EPWA, AEMO and Western Power to arrive
at the right level of regulatory specification,
noting that the framework will need to be
harmonised under the ESM Rules.

Definition of credible contingency to be
clearer and take into account the change
in certainty over planning and operational
horizons.

The proposal presented in the Technical
Rules amendments submission is predicated
on the ongoing separation between the ESM
Rules and the Technical Rules. As both
frameworks will be integrated into the ESM
Rules, attention will be given to ensuring the
harmonisation of the credible contingency
definitions.

Stakeholder are requested to focus on
potential impacts on the market of the
proposed changes.

Western Power has proposed additional
flexibility, for example through guidelines.
Consideration will need to be given to
whether a Guideline is the most appropriate
instrument under the ESM Rules for these
matters, and the means by which
transparency, consultation and accountability
is addressed.

Consideration will need to be given to
whether a Guideline is the most appropriate
instrument under the ESM Rules for these
matters and the means by which
transparency, consultation and accountability
is addressed.
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Ref (in the Additional notes for consultation
supporting
document)

Review of user control and 6.2.6, 6.2.7
protection settings. System design
and construction standards

Aligning protection and disturbance 6.8.6
ride-through requirements

Alignment with revisions to network 8.3
planning criteria and Network
Service Provider obligations

Clarifying arrangements for 8.5
planning network outages

Clarifying acceptable timeframes 8.9
for protection outages

Wording of voltage control can be  8.10
improved

Proposal 20

Adopt the Western Power proposed solutions from the September 2023 Submission to the ERA
for PSSR related matters not already considered under other proposals in this Review.

Consultation question

Do stakeholders support the proposal to accept the subset of the Western Power proposed
amendments to the relevant Technical Rules requirements?
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Appendix A. Table of Existing PSSR Mechanisms

The following table is provided as a summary of the chapters or sections of the ESM Rules, NQRS Code and Technical Rules that contain PSSR
related provisions. A more detailed spreadsheet is available on the Energy Policy WA website.

Table Al: Existing mechanisms used to implement minimum PSSR Standard

Transmission

—\

Infrastructure Planning
Phase

ESM Rules, section 4.5

Technical Rules, clause 2.5.2
ENAC, sections 2.7, 6.29,
6.30, 11.1 and chapter 6A

AA5 - Appendix E
AA5- NFIT and VCR

Technical Rules, clause 2.5.3

Customer driven

Adequate installed
infrastructure to supply loads
within defined contingencies.

Implementation Phase

ESM Rules, Chapter 3A and
Appendix 12

Technical Rules, sections 3.1 —

3.3

Technical Rules, sections 2.1 -

2.3

NQRS Code, sections 9 and 13

Technical Rules, section 2.1 and

2.2
NQRS Code, sections 6-13

Technical Rules, sections 3.1,
3.2,34

Installed infrastructure creates
and transmits power of the
correct quality and remains

operational for defined system

disturbances.

o

Operation Phase

ESM Rules, Chapters 3 and 3B
and section 2.27A.

ESM Rules, Chapter 3 and
section 2.27A

NQRS Code, sections 10-11
and 16

Demand Side Management
and Load Shedding

Installed infrastructure is used
to maintain supply at the
defined quality in a manner
remains operational for
credible system disturbances.

Adequate installed
supply with correct
capability operated
economically.

Adequate and
economic installed
transmission
infrastructure.

Adequate and
economic installed
distribution
infrastructure.

Load is supplied and
does not adversely
impact PSSR.

PSSR to customers at
required standards
consistent with the

SEO.


https://www.wa.gov.au/government/document-collections/power-system-security-and-reliability-standards-review

Appendix B. Table of proposed changes to the Technical Requirements for new technologies

The table below provides further details on the proposed drafting of the A12.9 amendments in the ESM Rules outlined in Section 3.3.2 of this
Consultation Paper. It indicates whether each proposed clause is a new addition or a modification to an existing clause.

This drafting is provided to aid in understanding the proposals set out in section 3.3. of this Consultation. It should not be considered a formal Exposure
Draft of the ESM Amending Rules that will be progressed by EPWA. Once the Review process is complete and the Review Outcomes are finalised,
a formal Exposure Draft will be released for public consultation by EPWA.

Element Al12.9 Existing ESM Rule New proposed drafting Etik Report

Withstand New N/A Minimum User Performance Standard for Grid Following 2.15
Short circuit (GFL) Inverters
ratio (SCR)

(@) A Generating System, comprised of Asynchronous
Generating Units, must have capability sufficient to operate
stably and remain connected at a short circuit ratio of
3.0, assessed in accordance with the methodology to be
prescribed.

(b) The Registered Generator Performance Standard for a
Generating System?'must record:

() the agreed value of the short circuit ratio which
must be the minimum of 3.0 and the value at which
the Generating System has capability sufficient to
operate stably and remain connected;

(i) the rated active power used to calculate the
value of the short circuit ratio; and

(iii) any arrangements agreed under clause (c).

2L The terminology for Registered Generator Performance Standard is subject to change following consultation on the proposals in section 3.2 of this paper, however is used in this Appendix.



(c) If the Generating System is not capable of meeting the
Minimum User Performance Standard, the Generator may, if
agreed by AEMO and the Network Operator, achieve
compliance by demonstrating it has:

() legally binding commitments to make additional
investment in its Generating System or for the supply
to it of services to remedy, at its cost, the shortfall in
capability, either on connection or in agreed
circumstances; together with

(i) operational arrangements agreed with the
Network Operator that apply when the investment or
services referred to in clause (a)(i) have not yet been
made or are not available.

Minimum User Performance Standard for Grid-forming
(GFM) Inverters

(@) A Generating System, comprised of Asynchronous
Generating Units, must have capability sufficient to operate
stably and remain connected at a short circuit ratio of
2.0, assessed in accordance with the methodology to be
prescribed.

(b) The Registered Generator Performance Standard for a
Generating System must record:

() the agreed value of the short circuit ratio which
must be the minimum of 2.0 and the value at which
the Generating System has capability sufficient to
operate stably and remain connected; and

(i) the rated active power used to calculate the
value of the short circuit ratio.

Automatic User Performance Standard for GFM Inverters

(&) A Generating System, comprised of Asynchronous
Generating Units, must have capability sufficient to operate
stably and remain connected at a short circuit ratio of 1.2.




assessed in accordance with the methodology to be
prescribed.

(b) The Registered Generator Performance Standard for a
Generating System must record:

(i) the agreed value of the short circuit ratio which
must be the minimum of 1.2 and the value at which
the Generating System has capability sufficient to
operate stably and remain connected; and

(i) the rated active power used to calculate the
value of the short circuit ratio.

Common Requirements for GFL and GFM Inverters

The settings used must not be different to the setting required
for compliance with other Performance Standards unless
otherwise agreed with AEMO and the Network Operator.

The Generating System is not required to maintain the
continuous uninterrupted operation if the network operating
conditions result in a short circuit ratio below the withstand
short circuit ratio agreed with AEMO and the Network
Operator.

[Explanatory comment: No Automatic User Performance
Standards with regard to short circuit ratio for GFL. If a GFM
cannot meet GFM’s minimum requirements, it will be
considered as GFL.]

Voltage
phase angle
shift

New

N/A

Minimum User Performance Standard for GFL Inverters

A Generating System and each of its Asynchronous
Generating Units must withstand phase angle changes less
than 25 degrees at the Connection Point.

Minimum User Performance Standard for GFM Inverters

2.2.5




Active and
reactive
current
response
during and
after faults

New

N/A

Active and reactive current response du

A Generating System and each of its Asynchronous
Generating Units must withstand phase angle changes less
than 60 degrees at the Connection Point, and suppress the
phase angle jump with a response time of 20 milliseconds or
lower.

Common Requirements for GFL and GFM Inverters

A Generating System and each of its Asynchronous
Generating Units must remain in operation for any change in
the phase angle of individual phases caused by occurrence
and clearance of balanced and unbalanced faults, provided
that the positive sequence angle change does not exceed
this criterion.

The agreed value of the settings of any protection system
must be recorded in the Registered Generator Performance
Standard for the Generating System.

[Explanatory comment: No Automatic User Performance
Standards with regard to voltage phase angle shift for GFL
and GFM]

ring and after contingencies

Commencement Time: In relation to the time taken for the
response of reactive current injection to oppose the voltage
deviation, it is measured on the reactive current waveform as
the next ‘zero-crossing’ beyond 20 milliseconds of fault
inception. The location used to determine the
commencement is the same location used to determine the
rise time.

[Explanatory comment: This definition applies to Minimum
and Automatic User Performance Standards of GFL and
GFM]

2.3.6




Active and New N/A Sustainment Time: In relation to the duration for which the | 2.3.6
reactive reactive current injection should be held near constant where:
current e For faults cleared in primary protection clearance
response time, the sustainment time is the same as the fault
during and duration during which the magnitude of reactive
after faults current injection should not deviate by more than 2%
or as agreed with the Network Operator and AEMO,
compared to that delivered at the rise time.

e For faults cleared in circuit breaker failure clearance
time, the sustainment time is the same as the fault
duration unless otherwise agreed with Network
Operator and AEMO. The maximum drop in reactive
current injection during the sustainment time should
be agreed with the Network Operator and AEMO.

[Explanatory comment: This definition applies to Minimum

and Automatic User Performance Standards of GFL and

GFM]
Active and New N/A Adequately Controlled means the response of the | 2.3.6
reactive Generating System to temporary over-voltage or temporary
current under-voltage achieves the agreed level of reactive current
response injection or absorption within the duration of the relevant
during and disturbance, considering:

after faults

(a) expected positive and negative sequence reactive current
response;

(b) expected active current response; and

(c) stable control when operating at and transitioning into and
out of limits,

and does not cause or exacerbate:




e over-voltages, beyond the more restrictive of the system
standards and levels and durations agreed under Part
A12.8 of this Appendix 12;

e under-voltages, below levels and durations agreed under
Part A12.8 of this Appendix 12; and

e voltage transients or oscillations that could adversely
affect the ability of other Facilities to remain in operation
during the disturbance.

Active and Al12.9.2.7. The reactive current response referred to in clause _ 2.3.6 and
reactive A12.9.2.5(a)(i) and clause A12.9.2.5(a)(ii) must have a | Automatic User Performance Standard for GFL Inverters | Appendix A
current Rise Time of no greater than 40 milliseconds and a
response Settling Time of no greater than 70 milliseconds and | The reactive current response referred to in clause
during and must be Adequately Damped. A12.9.2.5(a)(i) and clause A12.9.2.5(a)(ii) must have a Rise
after faults Time of no greater than 40 milliseconds and a

Commencement Time of no greater than 20 milliseconds

and must be Adequately Controlled.

Automatic User Performance Standard for GFM Inverters

The reactive current response referred to in clause

A12.9.2.5(a)(i) and clause A12.9.2.5(a)(ii) must have a Rise

Time of no greater than X* milliseconds and a

Commencement Time of no greater than 10 milliseconds

and must be Adequately Controlled.

X* to seek feedback through public consultation to
determine the appropriate level a suitable rise time
for GFM inverters.

Active and A12.9.3.7. Where AEMO and the Network Operator require the o 2.3.6 and
reactive Generating System to sustain a response duration of 2 | Minimum User Performance Standard for GFL Inverters | apnendix A
current seconds or less, the reactive current response referred




response
during and
after faults

to in clause A12.9.3.5(a)(i) and clause A12.9.3.5(a)(ii)
must have a Rise Time of no greater than
40.0 milliseconds and a Settling Time of no greater than
70.0 milliseconds and must be Adequately Damped.

Where AEMO and the Network Operator require the
Generating System to sustain a response duration of 450
milliseconds or less, the reactive current response referred
to in clause A12.9.3.5(a)(i) and clause A12.9.3.5(a)(ii) must
have a Rise Time of no greater than 80.0 milliseconds (or a
longer time agreed to by AEMO and the Network Operator),
and a Commencement Time of no greater than 40.0
milliseconds (or a longer time agreed to by AEMO and the
Network Operator), and must be Adequately Controlled.

Minimum User Performance Standard for GFM Inverters

Where AEMO and the Network Operator require the
Generating System to sustain a response duration of 450
milliseconds or less, the reactive current response referred
to in clause A12.9.3.5(a)(i) and clause A12.9.3.5(a)(ii) must
have a Rise Time of no greater than X* milliseconds and a
Commencement Time of no greater than 10.0 milliseconds
and must be Adequately Controlled.

X* to seek feedback through public consultation to determine
the appropriate level.

Active and
reactive
current
response
during and
after faults

Al12.9.3.8

Where AEMO and the Network Operator require the
Generating System to sustain a response duration of
greater than 2 seconds, the reactive current Rise Time
and Settling Time must be as soon as practicable and
must be Adequately Damped. The Rise Time and
Settling Time must be provided as part of the Generator
Performance Standard.

Common Requirements for GFL and GFM Inverters

Where AEMO and the Network Operator require the
Generating System to sustain a response duration of greater
than 450 milliseconds, the reactive current Commencement
Time and Rise Time must be as soon as practicable and must
be Adequately Controlled. The Commencement Time and
Rise Time must be provided as part of the Registered
Generator Performance Standard.
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Active and New N/A end of the disturbance is the time when, following a system | 2.3.6
reactive disturbance, the root mean square magnitude of the voltage
current at the Connection Point, for previous one- cycle period of the
response fundamental frequency, is within the continuous
during and uninterrupted operation region.

after faults

Active and Al12.9.2.5 (a) | Subject to any changed power system conditions or | Subject to any changed power system conditions or energy | 2.3.6
reactive @ - (iD). energy source availability beyond the operator of the | source availability beyond the operator of the Generation
current Generation System’s reasonable control, a Generating | System’s reasonable control, a Generating System
response System comprised of Asynchronous Generating Units, | comprised of Asynchronous Generating Units, for the faults
during and for the faults referred to in clause A12.9.2.2, must have | referred to in clause A12.9.2.2, must have equipment

after faults

equipment capable of supplying to, or absorbing from,
the Network:

(a) to assist the maintenance of power system voltages
during the fault:

(1) capacitive reactive current in addition to its pre-
disturbance level of at least 4% of the Maximum
Continuous Current of the Generating System including
all operating Asynchronous Generating Units (in the
absence of a disturbance) for each 1% reduction of
voltage at the Connection Point below a specified
threshold level within the under-voltage range of 85% to
90% of nominal voltage, except where a Generating
System is directly connected to the SWIS with no step-
up or connection Transformer and voltage at the
Connection Point is 5% or lower of nominal voltage; and

(i) inductive reactive current in addition to its pre-
disturbance level of at least 6% of the Maximum
Continuous Current of the Generating System including
all operating Asynchronous Generating Units (in the
absence of a disturbance) for each 1% increase of
voltage at the Connection Point above a specified

capable of supplying to, or absorbing from, the Network:

(a) to assist the maintenance of power system voltages
during the fault:

(1) capacitive reactive current in addition to its pre-
disturbance level of at least 4% of the Maximum
Continuous Current of the Generating System
including all operating Asynchronous Generating
Units (in the absence of a disturbance) for each 1%
reduction of positive sequence voltage at the
Connection Point below the relevant point at which a
reactive current response must commence, as
identified in or agreed under clause A12.9.2.5.(c);
and

(i) inductive reactive current in addition to its pre-
disturbance level of at least 6% of the Maximum
Continuous Current of the Generating System
including all operating Asynchronous Generating
Units (in the absence of a disturbance) for each 1%
increase of positive sequence voltage at the
Connection Point above the relevant point at which a




threshold level within the over-voltage range of 110% to
115% of nominal voltage,

reactive current response must commence, as
identified in or agreed under clause A12.9.2.5.(c),

Automatic User Performance Standard for GFM Inverters

(i) reduce the sensitivity of voltage magnitude to a
given change in current within 20 milliseconds after
the disturbance compared to when the Generating
System was not connected.

(aA) For the purpose of clause A12.9.2.5.(a):

The Generating System must commence a response when
the voltage:

(2) falls to a threshold of 85% of normal voltage or other
percentage threshold agreed with AEMO and the
Network Operator; or

(i) increases to a threshold of 115% of normal
voltage or other percentage threshold agreed
with AEMO and the Network Operator,

and in each case may commence a response before the
threshold is reached

Active and
reactive
current
response
during and
after faults

A12.9.2.5.(b)

from 100 milliseconds after clearance of the fault, Active
Power of at least 95% of the level existing just prior to
the fault.

Automatic User Performance Standard for GFL Inverters

from 100 milliseconds after the end of the disturbance,
Active Power of at least 95% of the level existing just prior
to the fault.

Automatic User Performance Standard for GFM Inverters
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from 100 milliseconds after the end of the disturbance,
Active Power of at least X* % of the level existing just prior
to the fault.

X* to seek feedback through public consultation to
determine the appropriate level.

Active and A12.9.3.5.(a) | Subject to a Generating System's thermal limitations as | = 2.3.6
reactive (i) — (ii) specified in clause A12.9.1.8 and any changed power | Minimum Performance Standard for GFL and GFM
current system conditions or energy source availability beyond | Inverters
response the operator of the G_enerating System’s re_asonable Subject to a Generating System's thermal limitations as
during and control, ~a Generating System comprised of | specified in clause A12.9.1.8 and any changed power system
after faults As_ynchronous Generating Units, for t_he faults referred | ;onditions or energy source availability beyond the operator
to in clause A12.9.3.2, must have equipment capable of | of the Generating System'’s reasonable control, a Generating
supplying to, or absorbing from, the Network: System comprised of Asynchronous Generating Units, for the

faults referred to in clause A12.9.3.2, must have equipment

a) to assist the maintenance of power system voltages
@ P 4 d capable of supplying to, or absorbing from, the Network:

during the fault:
(a) to assist the maintenance of power system voltages

during the fault:
0] capacitive reactive current in addition to its pre-

disturbance level of at least 2% of the Maximum
Continuous Current of the Generating System
including all operating Asynchronous
Generating Units (in the absence of a
disturbance) for each 1% reduction of voltage at
the Connection Point below a specified
threshold level agreed by the Network Operator
and AEMO within the under-voltage range of
80% to 90% of nominal voltage, except where:

(i) capacitive reactive current in addition to its pre-
disturbance level of a percentage greater than 0% of
the maximum continuous current of including all
operating Asynchronous Generating Units of the
Generating System (in the absence of a disturbance)
for each 1% reduction of positive sequence voltage
at the Connection Point below the relevant point at
which a reactive current response must commence,
as identified in or agreed under clause A12.9.3.5(c);
and




1. voltage at the Connection Point is 15%
or lower of nominal voltage; or

2. where the Generating System is directly
connected to the SWIS with no step-up
or connection Transformer and voltage
at the Connection Point is 20% or lower
of nominal voltage; and

(i) inductive reactive current in addition to its pre-
disturbance level of at least 2% of the Maximum
Continuous Current of the Generating System
including all operating Asynchronous
Generating Units (in the absence of a
disturbance) for each 1% increase of voltage at
the Connection Point above a specified
threshold level agreed by the Network Operator
and AEMO within the over-voltage range of
110% to 120% of nominal voltage,over-voltage
range of 110% to 120% of nominal voltage,

(i) inductive reactive current in addition to its pre-
disturbance level of a percentage greater than 0% of
the maximum continuous current of including all
operating Asynchronous Generating Units of the
Generating System (in the absence of a disturbance)
for each 1% increase of positive sequence voltage at
the Connection Point above the relevant point at
which a reactive current response must commence,
as identified in or agreed under clause A12.9.3.5(c),

A12.9.3.5.(aA)
For the purpose of clause A12.9.3.5.(a):

The Generating System must commence a response when
the voltage:

(1) falls to a threshold of 80% of normal voltage or
other percentage threshold agreed with AEMO
and the Network Operator; or

(i) increases to a threshold of 120% of normal
voltage or other percentage threshold agreed
with AEMO and the Network Operator,

and in each case may commence a response before the
threshold is reached

Active and
reactive
current
response

A12.9.3.5(b)

returning to at least 95% of the pre-fault Active Power
output, after clearance of the fault, within a period of
time agreed by the operator, AEMO and the Network
Operator.

returning to at least 95% of the pre-fault Active Power
output, after the end of the disturbance, within a period of
time agreed by the operator, AEMO and the Network
Operator.

2.3.6




during and
after faults

Active and
reactive
current
response
during and
after faults

A12.9.1.6.

For a Generating System comprised of Asynchronous
Generating Units:

(@) the reactive current contribution
must equal or exceed the
Maximum Continuous Current of
the Generating System, including
all operating Asynchronous
Generating Units;

(b)  [Blank]

(© the reactive current contribution
required may be calculated using
phase to phase, phase to ground
or sequence components of
voltages. The ratio of the negative
sequence to positive sequence
components of the reactive current
contribution must be agreed with
AEMO and the Network Operator
for the types of disturbances
specified in this Technical
Requirement; and

(d) the Generator Performance
Standard must record all
conditions (which may include
temperature) considered relevant
by AEMO and the Network

For a Generating System comprised of Asynchronous
Generating Units:

(@)

(b)
(€)
(d)

the total current contribution must equal or exceed
the Maximum Continuous Current of the Generating
System, including all operating Asynchronous
Generating Units;

[Blank]
[Blank]

the Registered Generator Performance Standard
must record all conditions (which may include
temperature) considered relevant by AEMO and the
Network Operator under which the reactive current
response is required.

(e) During the fault, injection of active and reactive current

(f)

(@)

from the Generating System and each of its
Asynchronous Generating Units musthave a
fundamental frequency component same as
fundamental frequency of the terminal voltage.

For unbalanced faults, in addition to injecting additional
positive sequence reactive current, the Generating
System and each of its Asynchronous Generating Units
must inject negative sequence current dependent on
negative sequence voltage, and that leads the negative
sequence voltage by at least 90 degrees.

If the total current limit is reached, either the incremental
positive sequence or negative sequence current, or both

2.3.6 + pg
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Operator under which the reactive
current response is required.

may be reduced with a preference of equal reduction in
both currents.

(h) The incremental positive sequence reactive current
injection must not be reduced below incremental
negative sequence reactive current.

Behaviour at | New N/A , 245
current Common Requirements for only GFM Inverters
limitation The response of a GFM inverter, when operating above its
maximum continuous current, must:
e comply with all withstand requirements set out in other
Access Standards including steady-state voltage and
frequency deviations, voltage and frequency rate of
change, phase angle change and short circuit ratio.
e provide expected positive and negative sequence
reactive current response, and expected active current
response corresponding to the total current level it is
operating at.
e have a stable control when operating at and transitioning
into and out of current limits.
not cause or exacerbate adverse impact on network
capability, power system security, system strength, quality
of supply, or inter-regional power transfer capability.
Disturbance | A12.9.1.4. When assessing multiple disturbances, a fault that is re- | When assessing multiple disturbances, a fault that is re- | 2.5.6

ride through
for multiple
disturbances

established following operation of automatic reclose
Protection Scheme shall be counted as a separate

disturbance.

established following operation of automatic reclose
Protection Scheme shall be counted as a separate
disturbance.

Individual deviations end when the root mean square
magnitude of the voltage at the Connection Point, for




previous one- cycle period of the fundamental frequency, is
within the operation region.

Disturbance
ride through
for multiple

disturbances

Al12.9.2.
A12.9.2.3

A Generating System and each of its operating
Generating Units must remain in  Continuous
Uninterrupted Operation for a series of up to 15
disturbances within any 5 minute period.

A Generating System and each of its operating Generating
Units must remain in continuous uninterrupted operation for
a series of up to 15 disturbances within any 5 minute period
caused by any combination of the events described in clause
A12.9.2.2 where:

(@)

(b)

(€)

(d)

(e)

up to six of the disturbances cause the voltage
at the Connection Point to drop below 50% of
normal voltage;

in parts of the network where three-phase
automatic reclosure is permitted, up to two of
the disturbances are three phase faults, and
otherwise, up to one three phase fault where
voltage at the Connection Point drops below
50% of normal voltage;

up to one disturbance is cleared by a breaker
fail protection system or similar back-up
protection system;

up to one disturbance causes the voltage at the
Connection Point to vary within the ranges
under clauses A12.8.2.1(e) to A12.8.2.1(h);

the minimum clearance from the end of one
disturbance and commencement of the next
disturbance may be 0 milliseconds; and

2.5.6




() all remaining disturbances are caused by faults
other than three phase faults,

provided that none of the events would result in:

(9) the islanding of the Generating System or
cause a material reduction in power transfer
capability by removing network elements from
service;

(h) the cumulative time that voltage at the
Connection Point is lower than 90% of normal
voltage exceeding 1,800 milliseconds within
any 5 minute period; or

(1) the time integral, within any 5minute period, of
the difference between 90% of normal voltage
and the voltage at the Connection Point when
the voltage at the Connection Point is lower
than 90% of normal voltage exceeding one per
unit second.

Disturbance
ride through
for multiple

disturbances

Al12.9.3.
A12.9.3.3.

Al12.9.3.

A12.9.3.3.

Minimum Generator Performance
Standard

A Generating System and each of its
operating Generating Units must remain in
Continuous Uninterrupted Operation for a

A Generating System and each of its operating Generating
Units must remain in Continuous Uninterrupted Operation for
a series of up to six disturbances within any 5 minute period
caused by any combination of the events described in clause
A12.9.3.2 where:

(@) up to three of the disturbances cause the
voltage at the Connection Point to drop below
50% of normal voltage;

2.5.6




series of up to 6 disturbances within any 5
minute period.

(b) up to one disturbance causes the voltage at the
Connection Point to vary within the ranges
agreed by AEMO and the Network Operator
under clauses A12.8.3.1(d) to A12.8.3.1(g) (as
appropriate);

(c) the time difference between the clearance of
one disturbance and commencement of the
next disturbance exceeds 200 milliseconds;

(d) no more than three of the disturbances occur
within 30 seconds; and

(e) all disturbances are caused by faults other than
three phase faults,

provided that none of the events would result in:

) the islanding of the Generating System or
cause a material reduction in power transfer
capability by removing network elements from
service;

(9) the cumulative time that voltage at the
Connection Point is lower than 90% of normal
voltage exceeding 1,000 milliseconds within
any 5-minute period; or

(h) the time integral, within any 5-minute period of
the difference between 90% of normal voltage
and the voltage at the Connection Point when
the voltage at the Connection Point is lower




than 90% of normal voltage exceeding 0.5 per
unit second,

and there is a minimum of 30 minutes where no
disturbances occur following a 5-minute period of multiple
disturbances.

Disturbance | New N/A 2.5.6
ride through Al2.9.4.2.
for multiple
disturbances The required response of a Generating System for each
combination of power system disturbances or conditions
specified in this Appendix 12 which should be as close to
continuous uninterrupted operation as is reasonably
practicable.
The negotiated access standard, or any agreed Generating
System limitations, must not reduce the overall number of
disturbances in a given period for which the Generating
System is required to remain in continuous uninterrupted
operation below the level specified in this Appendix.
Oppose fast . . . o . . . . 2.6.5
changes in See section regarding Voltage phase angle shift and changes to A12.9.2.5 (a)(iii) in section regarding Active and reactive
voltage current response during and after faults above
magnitude
and phase
angle
Damping of | New N/A 2.7.5

power

Minimum User Performance Standard for GFM Inverters




system
oscillations

Al12.4.3.8.

With respect to grid-forming inverters, the
Generating System must have Equipment
capabilities and Control Systems, including, if
necessary, a power system stabiliser, sufficient
to ensure that:

(a) operation of the Generating System
does not degrade the damping of power
system oscillations; and

(b) operation of the Generating System
does not cause instability or poorly
damped oscillations that would
adversely impact the SWIS power
system or other Equipment connected
to the SWIS.

AEMO and the Network Operator must specify
a frequency range of oscillations consistent
with the bandwidth of control systems for which
the above requirements will apply. An upper
frequency limit of 300 Hz will be applied unless
sufficient evidence is provided to AEMO and
the Network Operator regarding the actual
bandwidth of the converter control.

[Explanatory comment: No Automatic User Performance
Standard for GFM]

Partial load
rejection

Al2.1.
Definitions

Continuous Uninterrupted Operation: In respect of a
Generating System or operating Generating Unit within
a Transmission Connected Generating System that is
operating immediately prior to a power system
disturbance, means:

Continuous uninterrupted operation: In respect of a
Generating System or operating Generating Unit within a
Transmission Connected Generating System that is
operating immediately prior to a power system disturbance,

means:

2.8.5




(@)

(b)

(c)

(d)

not disconnecting from the SWIS except in
accordance with its Registered Generator
Performance Standard;

during the disturbance, contributing active and
reactive current as required by its Registered
Generator Performance Standard;

after clearance of any electrical fault that
caused the disturbance, only substantially
varying its Active Power and Reactive Power as
required or permitted by its Registered
Generator Performance Standard; and

not exacerbating or prolonging the disturbance
or causing a subsequent disturbance for other
connected Equipment, except as required or
permitted by its Registered Generator
Performance Standard,

with all essential auxiliary and reactive Equipment
remaining in service.

(a) not disconnecting from the SWIS except as required or
permitted under its Registered Generator Performance
Standard;

(b) during the disturbance contributing active and reactive
current or active power and reactive power as required or
permitted by its Registered Generator Performance
Standard;

(c) after clearance of any electrical fault that caused the
disturbance, not substantially varying its active power and
reactive power except as required or permitted by its
Registered Generator Performance Standard; and

(d) not exacerbating or prolonging the disturbance or
causing a subsequent disturbance for other connected
Equipment, except as required or permitted by its
Registered Generator Performance Standard,

with all essential auxiliary and reactive Equipment remaining
in service and accounting for, where applicable:

(e) inherent or programmed responses, in accordance with
good electricity industry practice, opposing rate of change of
frequency (inertial response) or opposing phase angle
jumps; and

(f) responses consistent with the operation of the
Equipment in accordance with clause A12.6. 4-4-2(cH

LPHmRE R OB HCR B OGD0RE 0+

[Explanatory comment: In AEMC’s draft determination Dec
2024, the application of partial load rejection is proposed to




exclude Asynchronous Generating Units except for the GFM
inverter-based resources providing an islanding capability]

Partial load
rejection

A12.6.1.5.

After having met the relevant requirements for altering
and holding Active Power output to arrest and correct
changes in power system frequency, the Generating
System, or Generating Units where relevant, must
adhere to relevant requirements of Part A12.5 when
returning to regular Active Power output (subject to any
agreements under clause A12.6.1.6)

After having met the relevant requirements for altering and
holding Active Power output to arrest and correct changes
in power system frequency, the Generating System, or
Generating Units where relevant, must adhere to relevant
requirements of Part A12.5 when returning to regular Active
Power output (subject to any agreements under clause
A12.6.1.6) unless providing an inherent or programmed
responses, in accordance with good electricity industry
practice, opposing rate of change of frequency (inertial
response) or opposing phase angle jumps.
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