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1 Introduction 
1.1 Background 
This report presents detailed discussions on proposed priority access standards for grid-following 
(GFL) and grid-forming (GFM) inverters in Western Australia. The focus has been on aspects most 
immediately needed to facilitate efficient connection of various types of inverter-based resources 
(IBR) in Western Australia rather than developing a comprehensive list of requirements which might 
be necessary in the medium-term future. 

The current access standards in the Wholesale Electricity Market (WEM) rules are suitable for 
several aspects of the performance for the GFL plant, currently referred to as asynchronous 
generation. A few clauses have been identified in Appendix 12 of the WEM rules, and in 
particular with regard to Appendix 12.9 in relation to response to contingency events, to have 
been challenging in practice to meet for both the ideal and minimum performance standards. A 
revision of these clauses is therefore warranted to ensure striking a balance between maintaining 
system security and avoiding an unintentional impediment for efficient connection of inverter-based 
resources.  Also based on experiences in Australia’s National Electricity Market (NEM) and 
internationally, e.g. IEEE 2800-20221, a few aspects of the GFL plant performance have been 
identified where corresponding technical requirements exist in other jurisdictions but currently not 
covered in the WEM rules.  

Some of these modifications will also be applicable to the GFM plant, whereas in some instances 
completely new access standards will need to be developed for the GFM plant leveraging on the 
work already done in other jurisdictions to develop GFM technical specifications. This is to 
correctly cater for key differences between the GFM and GFL plant.  

It is important to note that a GFM plant cannot be simply considered as a more capable version of 
the GFL, i.e. meet all GFL technical requirements plus some additional requirements. An equally 
important consideration is that whilst GFM plant can provide several grid support capabilities 
above and beyond those provided by a GFL plant and even sometimes relative to the synchronous 
generators, not all these capabilities can be provided at the same time due to the current limited 
nature of all inverter-based resources. Including several capabilities as mandatory requirements can 
cause a barrier for GFM entry as this might come at a significant extra cost. Furthermore, 
prioritising one capability at all times, e.g. inertia, could be detrimental to both the plant and 
system stability under certain operating conditions.  

National Electricity Rules (NER) version 220 and Wholesale Electricity rules dated 20 November 
2024 were used in this document (where applicable). 

1.2 Scope and exclusions 
The key objective of the proposed recommendations is to present specific technical details to 
facilitate public consultation and to receive feedback. This is written in a technical language rather 
than a legal language and may not be necessarily suitable for direct inclusion in the WEM rules.  

It is important to highlight that the following aspects were not included: 

 
1 IEEE 2800-2022: IEEE Standard for Interconnection and Interoperability of Inverter-Based Resources (IBRs) 
Interconnecting with Associated Transmission Electric Power Systems 



 Access standards review for the Wholesale Electricity Market 

 

6 

 

• It was outside the remit of this report to determine what are the most suitable definitions for the 
GFL and GFM plant for integration into the existing WEM rules, and to recommend whether to 
retain the current terms of synchronous and asynchronous generating systems, or to develop 
new definitions in particular for the GFM. As such this document did not attempt to relate the 
term GFM to the currently used terms of synchronous or asynchronous, or to propose a new 
term. It is understood that this will be done once these proposed technical requirements are 
assessed and a determination is made for integration into the existing WEM rules. 

• Whilst lessons learned from involvement in many GFM connection projects, and technical 
specifications in other jurisdictions has helped shaping the proposed access standards, it is 
important to note that no power system studies or testing to better determine the system needs 
or consultations with original equipment manufacturers (OEMs) or renewable developers has 
been conducted. In particular, it is recommended to undertake OEM and developer 
consultation before determining the final rules and make modifications to this proposal if 
required. It is our view that consultation with the OEMs and renewable developers could take 
at least 8 weeks to ensure a broad reach of various technology types and makes.  

• The short timeframe available for this review, understood to stem from a combination of 
practical experiences of inadequacy of current Appendix 12.9 of the WEM Rules and a 
current barrier to assess and accept imminent GFM connection applications, meant that 
prioritisation was necessary, focusing on key gaps and impediments for efficient connection of 
GFL and GFM plant in the Western Australian power system. A more comprehensive review of 
other changes required to the WEM rules is recommended following the imminent submission 
based on this technical advice and high priority issues identified, for example, consistent with 
AEMO’s comprehensive access standards review for GFL plant2. Notably the access standards 
review concluded that a substantially more extensive body of work is required to better shape 
the development of efficient and sustainable requirements for GFM plant. 

• The exact numerical values for inclusion as proposed access standards will sometimes differ 
between the GFL and GFM. It is not the intent of this report to propose the precise numerical 
values for various aspects of technical performance.  

Furthermore, the following performance aspects were not included at this point as an access 
standard for the GFM plant: 

• System strength support 

• Virtual inertia 

• Power quality improvement 

• Surviving the loss of the last synchronous machine 

• Provision of additional overcurrent 

• System restart capability 

• Headroom and energy buffer 

• Damping of electromechanical and electrical oscillations 

 
2 AEMO review of technical requirements for connection final report: Appendix 2, https://aemo.com.au/-
/media/files/stakeholder_consultation/consultations/nem-consultations/2022/aemo-review-of-technical-
requirements-for-connection-ner-clause-526a/app-2stakeholder-feedback--analysisgenhvdcfinal.pdf?la=en 
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• However, a requirement has been proposed to ensure that GFM plant do not cause or 
exacerbate power system oscillations. 

Most these capabilities belong to the category of system services. Some may be helpful as an 
access standard, potentially only as an ideal access standard, for certain network locations and 
operating conditions. However, as discussed previously significantly more investigations and 
technical analysis is required to develop these access standards which could not be achieved in 
the timeframe available.  

Furthermore, following a more detailed review of WEM rules, it is understood that rate-of-change-
of-frequency (RoCoF) suppression, in addition to the RoCoF withstand, is already covered indirectly 
in section A12.6 of the WEM rules, and as such it is not discussed in this document. 

This work does not develop/recommend any modelling approaches/requirements or other 
technical requirements/specifications, e.g. system services specifications, that might be required to 
unleash the full capability of GFM inverters.   

Lastly, this work is only focused on IBRs and did not consider the following technologies: 

• Inverter-based loads 

• High voltage direct current (HVDC) transmission 

• Synchronous condensers even those installed within an IBR plant 

1.3 Criteria used to develop these recommendations  
Several established or recently developed technical requirements exist worldwide for the GFL plant. 
These technical requirements, in the form of grid codes or access standards as commonly known in 
Australia, have been developed over many years specifically suitable for various aspects of plant 
compliance assessment and verification. This background body of knowledge facilitates the 
selection, adoption and revision of other existing technical requirements including those in the NER 
to ensure that the most relevant and fit for purpose requirements are developed for the GFL plant in 
Western Australia. 

Several detailed modelling and study-based technical specifications exist worldwide for the GFM 
plant, notably AEMO’s voluntary specification for grid-forming inverters. Implementing access 
standards in the WEM rules suitable for compliance assessment and verification generally requires 
additional level of details to facilitate an unambiguous interpretation among various parties 
involved. Furthermore, any new study methodologies based on the new WEM rules will be 
addressed in the revised Generator Performance Standards guideline. Furthermore, a general 
consensus does not always exist among all system operators, network planners and regulatory 
bodies on what must be the minimum mandatory set of technical requirements for all GFMs and 
what shall be procured as system services. An important narrative for the Western Australian power 
system is that some of these requirements need to be developed concurrent with GFM technical 
and regulatory developments in other jurisdictions which do not exist in the public domain for 
use/reference in Western Australia. As such it is important to ensure that the requirements 
developed in Western Australia can be practically assessed and implemented following the 
determination, and are sustainable and efficient.   

Below summarises factors accounted for by Etik Energy: 

• Maturity of corresponding requirements in Australia’s NEM and internationally 

• Demonstration of the importance based on worldwide system incidents 
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• Immediacy of the need for Western Australian Power System  

• This will reflect both the system technical needs and specific technology type(s), e.g. GFM 
BESS, where immediate barriers may exist in the current WEM rules to allow the 
connection assessment and acceptance. 

• 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 access standards 

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

• Opportunities for broader outreach and stakeholder consultation 

• Consultation with the OEMs and developers of both the GFL and GFM plant at the same 
time provides an opportunity to better compare their capabilities and limitations, hence 
presenting a broader range of possible performances which can subsequently shape the 
development of minimum and ideal performance standards. However, this does not imply 
that any potential requirements only applicable to the GFM should not be considered an 
immediate priority where required. 
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2 Detailed discussion on access standards considered 
Each proposed access standard is discussed in this Section. Appendix A provides a summary of all 
proposed access standards, highlighting both new and modified standards. 

2.1 Withstand short circuit ratio (SCR) 
2.1.1 Objective 

To ensure that plant remains connected and stable when operating at a very low SCR, which may be 
below the minimum SCR at the connection point if only the existing power system is considered. This is to 
create some safety margin considering a reduction in the number of online synchronous generators, 
concurrent with a likely increase in the number of IBR plant near the connection point of the plant under 
consideration. The combined effect of these two factors is a reduction in the SCR seen at the connection 
point in the future.  

2.1.2 Applies to  

GFL and GFM 

2.1.3 NER wording 

S5.2.5.15 Short circuit ratio 

Minimum access standard 
(b) The minimum access standard is a generating system or (to the extent it comprises 

production units) an integrated resource system that is comprised of asynchronous 
production units must have plant capability sufficient to operate stably and remain 
connected at a short circuit ratio of 3.0, assessed in accordance with the 
methodology prescribed in the system strength impact assessment guidelines. 

General requirements 
(c) The performance standards in the connection agreement must record: 

(1) the agreed value of the short circuit ratio which must be the minimum of 3.0 
and the value at which the generating system or integrated resource system has 
plant capability sufficient to operate stably and remain connected; 

(2) the rated active power used to calculate the value of the short circuit ratio; 
and  

(3) any arrangements agreed under paragraph (e). 
(d) The plant capability referred to in paragraph (c)(1) may be demonstrated with any 

appropriate control system and/or protection system settings. The settings used may 
be different to the setting required for compliance with other performance standards 
established under this clause S5.2.5. 

(e) If the generating system or integrated resource system is not capable of meeting the 
minimum access standard, the Generator or Integrated Resource Provider may, if 
agreed by AEMO, the Network Service Provider and the System Strength Service 
Provider, achieve compliance by demonstrating it has: 
(1) in accordance with paragraph (f), legally binding commitments to make 

additional investment in its plant or for the supply to it of services to remedy, 
at its cost, the shortfall in capability, either on connection or in agreed 
circumstances (such as the occurrence of an event that results in a change to 
the three phase fault level at the connection point); together with 
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(2) operational arrangements agreed with the Network Service Provider that apply 
when the investment or services referred to in subparagraph (1) have not yet 
been made or are not available. 

(f) For paragraph (e)(1), the Generator may: 
(1) reach agreement with the Network Service Provider for the Generator or 

Integrated Resource Provider to undertake investment in its plant to achieve 
plant capability sufficient to operate stably and remain connected at a short 
circuit ratio of 3.0; or 

(2) procure from the Network Service Provider, the System Strength Service 
Provider or another Registered Participant, services to enable the generating 
system or integrated resource system to operate stably and remain connected 
at a short circuit ratio of 3.0 but calculated using a three phase fault level at 
the connection point that excludes any contribution from the facilities 
providing the service. 

2.1.4 Discussion 

• This NER clause currently applies to all asynchronous generating systems until more suitable 
requirements are determined for GFM plant. However, it is understood that several GFM plant can 
meet a withstand SCR of 1.2 set out in AEMO’s System Strength Impact Assessment Guidelines. In 
general, the experience gained from connecting practical GFM plant in Australia and worldwide 
indicate that they can withstand lower SCR values relative to the GFL plant and this difference in 
capability shall be accounted for in developing SCR-related access standards for GFL and GFM plant.  

• The existing S5.2.5.15 clause only includes a minimum access standard. It is recommended to retain 
the same in the WEM as it is impractical to determine the lowest SCR value that a GFL plant 
can/should withstand under certain conditions. This 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. Lastly, sub-clause (c) states that if the plant has lower withstand capability than 3, that 
should be recorded in the GPS. The same is recommended for the WEM rules.  

• It is recommended to consider a range of withstand SCR for GFM plant, noting that not all of them can 
withstand a low SCR of 1.0 or 1.2. Notwithstanding this, the maximum withstand SCR which may be 
accepted in certain circumstances should be bounded to a relatively low value as otherwise the 
provision of GFM capability in general could be ameliorated. 

• 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 access standards 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. As such it is recommended that instead of the current sub-clause (d) provision, the flexibility is 
given to Western Power and AEMO to consider accepting the use of different settings if there are 
sizeable differences between the minimum anticipated SCR and the withstand SCR. 

• Differences between the NEM and WEM system strength frameworks will mean that sub-clauses (f) 
may have limited practical applications in the WEM, and as such it is suggested to be excluded from 
the new access standards in the WEM. The sub-clause (e) which sets out the higher-level principles, 
can be used in the WEM rules with minor changes primarily recognising that the three-phase fault 
levels may not be necessarily used in the WEM as a proxy for system strength. 
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2.1.5 Recommendation for WEM 

• Adopt sub-clauses (b) and (c) for GFL without further changes. 

• Exclude sub-clauses (d) and (f) for both GFL and GFM. 

• Adopt sub-clause (e) with minor changes as follows: 

     If the generating system or integrated resource system is not capable of meeting the minimum 
access standard, the Generator or Integrated Resource Provider may, if agreed by AEMO, and 
the Network Operator Service Provider and the System Strength Service Provider, achieve 
compliance by demonstrating it has: 
(1) in accordance with paragraph (f), legally binding commitments to make additional 

investment in its plant or for the supply to it of services to remedy, at its cost, the shortfall 
in capability, either on connection or in agreed circumstances (such as the occurrence of 
an event that results in a change to the three phase fault level at the connection point); 
together with 

(2) operational arrangements agreed with the Network Service Provider that apply when the 
investment or services referred to in subparagraph (1) have not yet been made or are not 
available. 

• Develop minimum and ideal access standards for GFM with SCR values of 2.0 and 1.2, respectively. 

• It is understood that a public consultation will be conducted to more confidently determine these 
values and ideally conduct single machine infinite bus (SMIB) studies to determine if the notional 
values above and in particular the proposed SCR of 2.0 for the minimum access standard can be 
lowered. It is also noted that minimum values confirmed by OEMs are for inverter terminals, 
however, rule requirements will apply at the connection point. Judicious safety margins should 
therefore be applied to develop this access standard noting the difficulty to estimate the maximum 
impedance likely to be experienced in the future between the unit terminals and the connection 
point in real grid connection projects.  

• Add for both GFL and GFM that ‘’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’’. 

• Add for both GFL and GFM the ‘’The Generating System or Integrated Resource System is not required 
to maintain the continuous uninterrupted operation if the network operating conditions result in a SCR 
below the withstand SCR agreed with AEMO and the Network Operator’’. 

2.2 Voltage phase angle jump 
2.2.1 Objective 

The objective of this requirement is to ensure that the plant 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, e.g. line disconnection.  

2.2.2 Applies to  

GFL and GFM 

2.2.3 NER wording 

S5.2.5.16 Voltage phase angle shift 
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Minimum access standard 
(b) The minimum access standard is 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. 

General requirements 
(c) The agreed value of the settings of any protection system must be recorded in the 

performance standards. 

2.2.4 Discussion 

• This NER clause also currently applies to both GFL and GFM plant until more suitable access standards 
are developed for the GFM plant. 

• For the relatively smaller and less meshed Western Australian power system, there is likely a greater 
need to successfully withstand voltage phase angle jumps compared to the NEM. As such a revision 
of sub-clause (b) would be warranted to clarify that the plant as a whole must withstand in addition to 
not having any protection systems that might be susceptible to phase angle jumps. This is also 
consistent with the respective requirement in IEEE 2800-2022 which also specifies a higher phase 
angle jump of 25 degrees. The IEEE standard is already published following significant public domain 
consultation and it is understood that withstanding a phase angle jump of 25 degrees is feasible with 
both GFL and GFM plant.  

• The National Grid ESO grid code is a known example of a grid code for transmission connected 
plant (besides the requirements for single-phase inverters) with a specific numerical value for the 
maximum phase angle jump: 60 degrees, that should be withstood by both GFL and GFM plant. It is 
understood that the underlying reason for this is to allow the associated AC circuit breakers to close 
with a phase difference of up to 60 degrees and the consideration for specifying a larger phase 
angle jump does not seem to be related to low system strength or low inertia conditions. Recognising 
that this is an established requirement, it will serve as a good starting point for Western Power to seek 
stakeholders’ feedback on whether GFM plant have this capability under all credible contingency 
conditions. We suggest it will not be prudent to apply such a high phase angle jump requirement for 
GFL plant.  

• Similar to the discussion on withstand SCR, it is prudent to determine a minimum access standard only 
to assess the withstand capability of GFL plant when subject to phase angle jumps.  

• The ability to supress a voltage phase angle jump constitutes a core definition of GFM capability. As 
such for consistency it may be prudent to have only a minimum access standard for the GFM plant as 
well covering both the ‘’withstand’’ and “suppression’’ aspects. 

• A further possibility is to keep a phase angle jump of 25 degrees for both the GFL and GFM under 
minimum access standard, and use the phase angle jump of 60 degrees for the ideal access standard 
only. With this option, the need to supress the phase angle jump shall still be considered as a minimum 
access standard. 

• Several grid codes have requirements for the GFM plant to withstand and supress ‘’near 
instantaneous’’ voltage phase angle jump. However, such a wording is not deterministic and open for 
interpretation. It is recommended to instead specify an acceptable response that can be fully delivered 
within an AC cycle, i.e. 20 milliseconds (ms). 

2.2.5 Recommendation for WEM 

• GFL 
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• The minimum access standard is 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 withstand phase angle 
changes less than 20 25 degrees at the connection point.  

In addition, a generating system or integrated resource system and each of its asynchronous 
production units shall 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. 

• GFM 

• The same wording as above, however, with an increase of phase angle jump to be withstood to 
60 degrees for the minimum access standard. 

• It is noted that the maximum phase angle jump that could be experienced under credible 
contingencies will require the use of detailed forward-looking power system dynamic models 
which is not available at this point. Without such studies it is recommended not to increase the 
maximum phase angle jump to above 60 degrees. Also depending on responses received 
during public consultation a lower phase angle jump may be adopted to cater for the 
capabilities and limitations of GFM plant with different technologies and makes. Furthermore, 
the main benefit of GFM plant is to supress the phase angle jump otherwise experienced in the 
system rather than to withstand an excessive phase angle jump which may not realistically 
occur. 

• The proposed minimum access standard can therefore be written as follows with the proposed 
additions highlighted in red: 

• The minimum access standard is a generating system or integrated resource system and 
each of its asynchronous production units must withstand phase angle changes less 
than 60 degrees at the connection point, and supress the phase angle jump with a 
response time of 20 ms or lower. 

In addition, a generating system or integrated resource system and each of its 
asynchronous production units shall remain in operation for any change in the phase angle 
of individual phases caused by occurrence and clearance of unbalanced faults, provided 
that the positive sequence angle change does not exceed this criterion. 

2.3 Active and reactive current response during and after contingencies 
2.3.1 Objective 

The objective of this requirement is to ensure that sufficient reactive current injection/absorption can be 
provided during contingency events, i.e. faults, commensurate with system needs at the specific connection 
point to aid system voltage recovery with the two key success criteria of magnitude and speed of the 
response. A second objective is to ensure a sufficiently fast active current/power recovery following the 
disturbance clearance as required in particular in islanded power systems such as Western Australia. 

2.3.2 Background 

In April 2023, AEMC determined new rules for minimum access standard for S5.2.5.5 under the rule 
change entitled “Efficient reactive current access standards for inverter-based resources”. A summary of key 
changes made include. 

• Omitted the settling time requirement. 

• Retained the rise time requirement but with a higher value. 
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• Introduced a new commencement time requirement which is the time taken for the response to oppose 
the voltage deviation. A technical report prepared to provide advice to the AEMC on minimum access 
standards for reactive current injection proposes ‘’The commencement time was therefore measured on 
the reactive current waveform as the next ‘zero-crossing’ beyond 20 ms of fault inception.’’3 

• Clarified that rise time and commencement time can be measured at a location other than the 
connection point, e.g. unit terminals. 

• Clarified that active power recovery after a fault to refer to the recovery of positive sequence voltage 
at the connection point to remain between 90% and 110% of normal voltage. 

• Replaced the term ‘’adequately damped’’ only for this clause with ‘’adequately controlled’’. 

• Changed the voltage at which the response is commenced from a range to commencing above 80% 
and below120% of normal voltage. 

• Reduced minimum access standards from 2% reactive current injection to 0% per 1% drop in 
connection point voltage. 

• The ratio of incremental reactive current provided to voltage deviation below the lower band of 
continuous uninterrupted operation voltage, i.e. 90% of nominal voltage, is commonly referred to 
as K-factor. 

• Made no changes to reactive current absorption requirements. 

Building on the above, in December 2023, AEMO published their final report of access standards review 
ahead of a rule change submission to the AEMC based on a more extensive review of access standards 
for all clauses and the corresponding minimum and automatic ranges. Subsequently, AEMC made a draft 
determination in December 2024 based on this rule change submission4. The following key modifications 
were included specifically on reactive current response: 

• Determined a new draft automatic access standard consistent with the principles used for determining 
the new minimum access standard in 2023, albeit with some numerical differences between the two 
as expected.  

• Proposed a definition for the term ‘’adequately controlled’’. 

• Proposed improvements in negative sequence current injection and unbalanced voltage control during 
disturbances. 

2.3.3 Applies to  

• GFL 

• Further assessment and stakeholder consultation is required for GFM plant noting important differences 
with the GFL with respect to fault ride-through capability. 

2.3.4 NER wording 

S5.2.5.5 Response to disturbances following contingency events 

Minimum access standards 

 
3 https://www.aemc.gov.au/sites/default/files/2022-
12/Aurecon%27s%20Advice%20on%20Reactive%20Current%20Access%20Standards%20Report_Rev1.pdf 
4 AEMC, Draft rule determination National Electricity Amendment  (Improving the NEM access  standards - Package 
1) Rule 2025, https://www.aemc.gov.au/sites/default/files/2024-12/ERC0393_Draft%20determination.pdf 
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Asynchronous generating systems and asynchronous integrated resource systems 

 
(n) Subject to any changed power system conditions or energy source availability 

beyond the Generator's or Integrated Resource Provider's reasonable control, a 
generating system or (to the extent comprised of production units) integrated 
resource system that in either case is comprised of asynchronous production units 
must: 
(1) for the types of fault described in subparagraph (k)(2), and to assist the 

maintenance of power system voltages during the fault, have facilities capable 
of supplying to or absorbing from the network: 
(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 production units of the generating 
system or integrated resource system (in the absence of a disturbance) 
for each 1% reduction of voltage at the connection point below the 
relevant point at which a reactive current response must commence, as 
identified in or agreed under paragraph (o)(1); and 

(ii) 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 production units of the generating 
system or integrated resource system (in the absence of a disturbance) 
for each 1% increase of voltage at the connection point above the 
relevant point at which a reactive current response must commence, as 
identified in or agreed under paragraph (o)(1), 

during the disturbance and maintained until connection point voltage recovers 
to between 90% and 110% of normal voltage, or such other range agreed with 
the Network Service Provider and AEMO, except for voltages below the 
relevant threshold identified in paragraph (p); and 

(2) return to at least 95% of: 
(i) the pre-fault active power level; or 
(ii) during a frequency disturbance, a level of active power level consistent 

with the generating system's or integrated resource 
system's performance standard under clause S5.2.5.11, 

after clearance of the fault and recovery of positive sequence voltage at the 
connection point to remain between 90% and 110% of normal voltage, within 
a period agreed by the Connection Applicant, AEMO and the Network Service 
Provider, which period may differ according to the type of fault. 

(o) For the purpose of paragraph (n): 
(1) the generating system or integrated resource system must commence a 

response when the voltage: 
(i) falls to a threshold of 80% of normal voltage or other percentage 

threshold agreed with AEMO and the Network Service Provider; or 
(ii) increases to a threshold of 120% of normal voltage or other percentage 

threshold agreed with AEMO and the Network Service Provider, 
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and in each case may commence a response before the threshold is reached;  
(2) [Deleted]; 
(2A) the response initiating conditions must be agreed with AEMO and the Network 

Service Provider; 
(3) the reactive current rise time must be no longer than 80 milliseconds or a 

longer time agreed to by the Network Service Provider and AEMO;  
(4) the reactive current response must be adequately controlled; 
(5) the reactive current response must commence within a period after the 

response initiating condition of: 
(i) 40 milliseconds; or 
(ii) a longer time agreed to by the Network Service Provider and AEMO; 

and 
(6) the time when the reactive current response commences may be measured at 

either: 
(i) the connection point; or 
(ii) if agreed by the Network Service Provider and AEMO, the production 

unit terminals or a point between the production unit terminals and the 
connection point. 

(o1) For the purposes of paragraphs (n) and (o), the performance standards must record: 
(1) the range applicable for subparagraph (n)(1); 
(2) the period agreed for subparagraph (n)(2), where applicable for each type of 

fault; 
(3) for subparagraph (o)(1), the percentage thresholds; 
(4) for subparagraph (o)(2A), the response initiating condition; 
(5) for subparagraph (o)(3), the reactive current rise time;  
(6) for subparagraph (o)(5), the required response time; and 
(7) for subparagraph (o)(6), where the time of commencement is to be measured. 

General requirement 

Asynchronous generating systems and asynchronous integrated resource systems 
(u) For the purpose of paragraphs (f) and (n): 

(1) the reactive current contribution may be limited to the maximum continuous 
current of all operating asynchronous production units of the generating 
system or integrated resource system; 

(1A) the reactive current contribution must not contribute excessively to voltage 
rise on unfaulted phases during unbalanced faults; 

(2) the reactive current contribution and voltage deviation described may be 
measured at a location other than the connection point (including within the 
relevant generating system or integrated resource system) where agreed with 
AEMO and the Network Service Provider, in which case the level of injection 
and absorption will be assessed at that agreed location; 
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(3) 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 Service Provider for the 
types of disturbances listed in this clause S5.2.5.5; 

2.3.5 Discussion 

• This NER clause also currently applies to both GFL and GFM plant until more suitable access standards 
are developed for GFM plant. It is also where notable differences sometimes exist among some GFM 
technologies relative to the GFL technologies, prompting the need for developing specific technical 
requirements for the GFM. It is therefore recommended that the access standard developed primarily 
with GFL capability and limitations in mind cannot be directly used for the GFM. This is because in 
some cases GFM may have a slower response or behave differently to the GFL where the existing 
requirements may be a hinderance for GFM connection. Furthermore, in some respects GFM plant 
may behave superior to the GFL, but the existing requirements may not allow for these advantages to 
be correctly captured. 

• While a proposed GFM reactive current response mirroring those applied to GFL plant can be 
developed and possibly complied with by some GFM plant, an inability to meet these requirements by 
some GFM makes shall not be necessarily seen as an inferior response; rather a different response. As 
such it is recommended that the WEM rules to provide flexibility for all GFM types and makes to 
connect rather than GFM inverters to re-design their control system to meet a requirement which may 
only work with certain GFM designs. To is to ensure that all relevant differences between the GFL and 
GFM plant are accounted for such that an otherwise incorrectly specified requirement for the GFM 
response during contingency events will not become a barrier for provision of more valuable access 
standards or system services. 

• It is therefore important to undertake thorough public consultation to better shape the development of 
GFM access standard with respect to reactive current response during contingency events. This 
document guides on factors and success criteria to be consulted on for the GFM plant. A significantly 
larger body of work is warranted to develop suitable access standards for the GFM. 

• The most recent reactive current injection/absorption requirement in the WEM can be found in 
Appendix 12 of WEM rules. This is near identical to NER requirement before April 2023. As such it is 
recommended to adopt the same minimum access standard that currently applies in the NEM, and 
propose a new ideal access standard based on the same principles and consistent with the rule 
change submitted by AEMO in December 2023. This will ensure that access standards for GFL plant 
will include the necessary enhancements.  

• The only additional aspect recommended by Etik Energy is the inclusion of a new metric 
‘’sustainment time’’. This recognises that some practical GFL or GFM plant exist where despite 
good commencement and rise time, the magnitude of the response drops noticeably, even 
sometimes to a negative value, for example 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 above formulation considers fault impedance 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. 

• The magnitude of reactive current response is currently specified in section A12.9.1.6 of the WEM 
rules as follows: 
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• The reactive current contribution must equal or exceed the Maximum Continuous Current of the 
Generating System, including all operating Asynchronous Generating Units 

Unlike the NER wording, WEM rules states ‘’must equal or exceed’’ which in our assessment is more 
suitable than the ‘’limited to’’ at least for the GFL plant when response to more severe faults is 
considered. However, for less severe faults even delivering a response consistent with ideal 
performance standards of 4% reactive current injection per each 1% drop in voltage will unlikely be 
sufficient to deliver a current which at least equal the maximum continuous current. It is recommended 
that this consideration shall be applied to both the GFL and GFM technologies. This is because for 
OEMs who offer both GFL and GFM 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. 

As such, it is recommended to introduce a new requirement on ‘’total current’’ contribution comprising 
active and reactive current, and positive and negative sequence current injection. This will replace the 
current term ‘’reactive current’’ in current A12.9.1.6 (a). 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. This may require a carve out for GFM plant as will be 
discussed later in this document under behaviour at current limitation. 

• For the positive sequence current, IEEE 2800-2022 adds an important aspect which is not currently 
included in NER or WEM rules. This is to ensure that the IBR current injection has the same frequency 
as that of the terminal voltage. In our view this is an important consideration to makes sure that IBR, 
whether GFL or GFM, do not inject non-characteristic harmonics or sub-harmonics that could adversely 
impact the controls of other IBRs or protective functions in the wider power system. 

• Negative sequence current injection in the current WEM rule is set out in A12.9.1.6 as follows 
(consistent with NER wording): 

• (c)  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; 

However, 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. 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 
below5: 

• Dependent on IBR unit terminal (POC) negative sequence voltage and  

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

Note that unlike the requirement set out in VDE 41206 and 41307, IEEE 2800-2022 does not specify 
the amount of negative sequence current injection as function of negative sequence voltage, i.e. K-
factor for negative sequence. This is because a single value or range of values will not necessarily 
achieve the best outcome for the overall power system security. An unnecessarily too high a negative-
sequence current will adversely impact other access standards and provision of system services 
whereas a too low a negative-sequence current injection might impact plant’s own stability or correct 
operation of protection systems.  

 
5 IEEE 2800-2022: IEEE Standard for Interconnection and Interoperability of Inverter-Based Resources (IBRs) 
Interconnecting with Associated Transmission Electric Power Systems 
6 Technical connection rules for high-voltage (VDE-AR-N 4120), 2018. [3]  
7 Technical connection rules for extra high-voltage (VDE-AR-N 4130), 2018 
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In our assessment the IEEE requirement is more appropriate if the treatment of the negative sequence 
current is to be retained under ‘’common requirements’’ in the WEM rules. This recognises that some 
IBR technologies such as Type III wind turbines may not have the same negative sequence current 
injection capability as others. This limitation of Type III wind turbines has also been discussed in the 
technical advice to AEMC’s ‘’Efficient reactive current access standards for inverter-based resources’’8. 
It is our understanding that the same limitations will apply to Type III pumped hydro storage. 

• A further area of improvement is identified in the current WEM rules in relation to the duration within 
which the reactive current response must be sustained following a contingency as highlighted in the 
excerpts below. It is our view that sustaining a response for 2 seconds or greater may not be 
practically possible potentially leading to plant instability. At the same time, such long duration faults 
could practically occur in the distribution network where it is expected that the plant 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 reduce to 
450 ms which is the longest circuit breaker failure time in Western Power’s transmission network.  

A12.9.3.7. Where AEMO and the Network Operator require the Generating System to sustain 
a response duration of 2 seconds 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 40.0 milliseconds and a Settling Time of no greater than 70.0 
milliseconds and must be Adequately Damped. 

A12.9.3.8. 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.  

2.3.6 Recommendation for WEM 

• Adopt the existing NER minimum access standard except with the addition of: 

• A new criterion for sustainment time to set out the duration for which the reactive current injection 
should be held near constant based on the principles below.  

• For faults cleared in primary protection clearance time it is recommended for the sustainment 
time to be the same as the fault duration, i.e. the magnitude of reactive current injection should 
not deviate drop by more than 2%,or as agreed with Western Power and AEMO, compared 
to that delivered at the rise time. 

• For faults cleared in circuit breaker failure clearance time it is recommended for the sustainment 
time to be the same as the fault duration unless otherwise agreed with Western Power and 
AEMO. Also, the maximum drop in reactive current injection should be agreed with Western 
Power and AEMO. 

• Use the same principles and success criteria for ideal performance standards for GFL plant but with 
slightly different numerical values meaning: 

• Omit settling time. 

• Reduce the rise time to 40 ms (consistent with current WEM requirements). 

 
8 Advice on reactive current access standards, https://www.aemc.gov.au/sites/default/files/2022-
12/Aurecon%27s%20Advice%20on%20Reactive%20Current%20Access%20Standards%20Report_Rev1.pdf 
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• Reduce the commencement time to 20 ms. 

• Use the new criterion of sustainment time. 

• Use the principles set out in minimum access standard for assessing active power recovery 
following a fault, i.e. linking to the end of the disturbance. 

• This will mean that ‘’from 100 milliseconds after clearance of the fault’’ in A12.9.2.5 (b) will 
be replaced by ‘’from 100 milliseconds after the end of the disturbance’’. ‘’The end of the 
disturbance’’ is discussed in more detail and defined later in this report in the section 
‘’disturbance ride through for multiple disturbances’’. 

• Use of voltage activation thresholds of 85% and 115% for ideal access standard as opposed 
to 80% and 120% for the minimum access standards. 

• No changes to reactive current injection/absorption percentage compared to the existing 
WEM rules. 

• Common requirements (applies to both GFL and GFM) 

• Add the text below. 

• During the fault, injection of active and reactive current from the generating system or 
integrated resource system and each of its asynchronous production units shall have a 
fundamental frequency component same as fundamental frequency of the terminal voltage. 

• Delete the existing requirement on the ratio of negative sequence to positive sequence and instead 
insert the text below. 

• For unbalanced faults, in addition to injecting additional positive sequence reactive current, the 
generating system or integrated resource system and each of its asynchronous production units 
shall 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 may be reduced with a preference of equal reduction in both 
currents. 

• The incremental positive sequence reactive current injection shall not be reduced below 
incremental negative sequence reactive current. 

• Replace the term ‘’voltage at the Connection Point’’ with ‘’positive sequence voltage at the 
Connection Point’’ in A12.9.2.5 (a) (i) and A12.9.2.5 (a) (ii). 

• Define the term ‘’adequately controlled’’. A possible definition could be that proposed by AEMO 
in their final report of access standards review9 with minor changes as highlighted below: 

• the response of the Appendix 12 schedule 5.2 plant to temporary10 transient over-voltage or 
transient temporary under-voltage achieves the agreed level of reactive current injection or 
absorption within the duration of the relevant disturbance, considering:  

(i) expected positive and negative sequence reactive current response;  

(ii) expected active current response; and  

(iii) stable control when operating at and transitioning into and out of limits,  

 
9 AEMO review of technical requirements for connection National Electricity Rules Schedules 5.2, 5.3 and 5.3a, 
December 2023. 
10 Voltages of interest belong to the category of temporary overvoltages as defined by IEC and CIGRE. Transient 
overvoltages are those with a dominant frequency of several kHz. Note that that acronym TOV also stands for 
temporary overvoltages rather than transient overvoltages. 
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                and does not cause or exacerbate:  

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

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

• Voltage transients or oscillations that could adversely affect the ability of other plant to 
remain in operation during the disturbance.  

• Replace the current A12.9.1.6 (a) with ‘’the total current contribution must exceed or at least equal 
the Maximum Continuous Current of the Generating System, including all operating Asynchronous 
Generating Units’’. 

• For GFM plant, use the same principles and success criteria proposed for minimum and ideal access 
standards for GFL 

• Commencement time to further reduce to 10 ms. 

• The same sustainment time. 

• The same wording for negative sequence current injection and voltage unbalance control. 

• The following aspects should be further deliberated during stakeholder consultation process: 

• A slower rise time may be necessary for some GFM plant. 

• Whether the use of the voltage as a threshold is appropriate for all GFM plant, and even if so 
whether the same numerical values for activation threshold can be used.  

• Any other additional performance metric that should be applied to the GFM plant only. 

• The same performance on magnitude of reactive current response, however, with a carve out 
which will be proposed for total current contribution as will be discussed under section behaviour 
at current limitations. 

• Replace 2 seconds with 450 ms in A12.9.3.7 and A12.9.3.8.  

2.4 Behaviour at current limitation 
2.4.1 Objective 

To recognise a key limitation of most GFM plant and to develop a requirement to ensure plant can 
withstand and remain stable under current limited operating conditions.  

2.4.2 Applies to 

GFM only 

2.4.3 NER wording 

N/A 

2.4.4 Discussion 

• Depending on the design, the GFM plant may behave differently when operating at the limit of their 
current capability, e.g. during fault conditions. Technical literature indicates that GFM dynamics could 
become similar to that of a GFL, or at the least not all the same capabilities can be retained compared 
to when the current was not limited. Furthermore, responding to severe disturbances when current 
limitation is active could destabilise the plant response or adversely impact other aspects of the 
response. The objective of this proposed requirement is to recognise that such a limitation exists, noting 
that all power system equipment including synchronous machines, have limitations. However, at the 
same time there is a need to specify minimum acceptable performance under this condition. 
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2.4.5 Recommendation for WEM 

• It is recommended to extend the definition of newly proposed term ‘’adequately controlled’’ for GFM 
only as follows (note that proposed definition originally made by AEMO shall remain applicable for 
both GFL and GFM, and the proposed wording below applies in addition for the GFM). It is 
recommended to include this additional wording under ‘’common requirements’’ such that it will be 
applicable to both the minimum and ideal performance standards. 

• The response of the GFM plant, when operating above its maximum continuous current must:  

• remain stable 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 SCR.  

• 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. 

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

2.5 Disturbance ride through for multiple disturbances 
2.5.1 Objective 

To ensure the ability of the plant to remain connected and stable when subject to several disturbances in 
quick succession and at the same time respecting physical limitations of all power system equipment  

2.5.2 Applies to  

GFL and GFM (requires further stakeholder consultation for GFM) 

2.5.3 WEM rules 

A12.9.2. Ideal Generator Performance Standard 

All Generating Systems 

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. 

A12.9.3. Minimum Generator Performance Standard 

All Generating Systems 

A12.9.3.3. A Generating System and each of its operating Generating Units must remain in 
Continuous Uninterrupted Operation for a series of up to 6 disturbances within any 5 
minute period.  

 

2.5.4 NER wording 

Automatic access standard 
(d) A generating system or integrated resource system and each of its production units 

must remain in continuous uninterrupted operation for a series of up to 15 
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disturbances within any five minute period caused by any combination of the events 
described in paragraph (c) 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, up to one three 
phase fault where voltage at the connection point drops below 50% of normal 
voltage; 

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

(4) up to one disturbance causes the voltage at the connection point to vary within 
the ranges under clause S5.2.5.4(a)(7) and (a)(8); 

(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 integrated resource 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 1,800 milliseconds 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 pu 
second. 

Minimum access standard 
(l) A generating system or integrated resource system and each of its production 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 paragraph (k) where: 
(1) up to three of the disturbances cause the voltage at the connection point to drop 

below 50% of normal voltage; 
(2) up to one disturbance causes the voltage at the connection point to vary within 

the ranges agreed by AEMO and the Network Service Provider under clause 
S5.2.5.4(a)(7), (a)(8), (b)(4) or (b)(5) (as appropriate); 

(3) the time difference between the clearance of one disturbance and 
commencement of the next disturbance exceeds 200 milliseconds; 

(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) the islanding of the generating system or integrated resource system or cause 

a material reduction in power transfer capability by removing network 
elements from service; 
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(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 pu 
second, 

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

2.5.5 Discussion 

• The NER access standards for multiple faults in quick succession includes an important sub-clause with 
clear carve outs considering physical limitations of all types of generating systems. It is recommended 
that considering these limiting factors will be more helpful to all parties involved in the connection 
process, as it will: 

• Provide Western Power and AEMO with a clearer understanding of plant’s limitation such that it 
can be included in their power system operations and planning studies.  

• Facilitate compliance of all types of generation technologies.  

Despite its simplicity, the current WEM rules do not provide the level of information required by any 
parties for their assessment and future actions, and it may be impractical to achieve.  

• Consistent with our recommendation above, AEMO in their final report of access standards review has 
identified a need for further specification of boundary conditions upon which this requirement should 
be applied and proposed the following: 

• ‘’Specify that the end of a power system disturbance, for the purpose of multiple fault ride through 
(MFRT) assessment, is the time when, following fault clearance, the voltage recovers to and 
remains within the range 90 to 110% of normal voltage at the connection point for at least 20 
ms.’’. This was subsequently included in AEMC’s draft determination in December 2024. 

• This is consistent with IEEE 2800-2022 requirements which also refers to rms voltage and 
fundamental frequency, hence making IEEE 2800-2022 requirement relatively clearer.  

• ‘’Amend the NER as follows:  

• ‘’Retain for the MAS, up to six faults within 5 minutes but allow for technology-related specific 
limitations for example, impacting the spacing between faults, to be carved out of these 
requirements.  

• Require documentation of the specific limitations in the performance standard.’’ 

Etik Energy also agrees that if there are genuine plant specific limitations with regard to this 
minimum access standard, Western Power and AEMO can consider accepting carve outs if 
sufficient evidence and documentation is provided, and they are correctly captured in the 
simulation models. However, a wording change regarding the spacing between faults may be 
better dealt with in Western Power’s access standard assessment guidelines and may not 
necessarily require changes in the WEM rules. The word ‘’exceeds’’ indicate the shortest 
spacing that may be used for assessing this access standard rather than an upper boundary. 

• The occurrence of multiple voltage disturbances could result in conditions where the SCR seen at the 
connection point drops below the minimum SCR advised by Western Power at the time of connection. 
It is recommended to highlight that plant control system tuning is not expected for such operating 
conditions as otherwise it could adversely impact control system tuning and performance for higher 
and more likely SCR conditions. As discussed in the withstand SCR access standard section, for 
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conditions where the minimum connection point SCR and the withstand SCR are reasonably close, it is 
recommended to use the same settings. However, in any case a carve out is recommended to be 
added such that control system tuning is not conducted under less common operating conditions. 
Furthermore, the plant shall not be expected to maintain the continuous uninterrupted operation for such 
operating conditions.  

• Experience gathered so far on capabilities and limitations of GFM plant with regard to disturbance 
ride through for multiple disturbances makes it rather inconclusive to make a fully educated comparison 
of GFM and GFL plant in this regard. This is particularly the case for the potential impact of identical 
access standards between GFM and GFL plant on the quality of GFM capability or any residual 
impact on the lifetime of the GFM plant. In the absence of any further information, it is recommended 
to use the existing access standards for GFL as a basis for stakeholder consultation to determine 
appropriate requirements in this regard. 

2.5.6 Recommendation for WEM 

• Adopt existing NER requirements for both minimum and ideal access standards. 

• Adapt the wording of IEEE 2800-2022 to make it applicable to  the WEM as follows: 

• Individual deviations end when the rms magnitude of the voltage at the connection point, for 
previous one- cycle period of the fundamental frequency, is within the continuous uninterrupted 
operation region. 

• Adopt the proposed additional wording in AEMC’s draft rules with minor changes as follows: 

the required response of the Appendix 12 schedule 5.2 plant for each combination of power system 
disturbances or conditions specified in this Appendix under sub-paragraph (1), which should be as 
close to continuous uninterrupted operation as is reasonably practicable,  

provided that any agreed plant limitations must not reduce the overall number of disturbances in a 
given period for which the Appendix 12 schedule 5.2 plant is required to remain in continuous 
uninterrupted operation below the level specified in this Appendix paragraph (l) 

2.6 Oppose fast changes in voltage magnitude and phase angle 
2.6.1 Objective 

A key definition of grid forming capability is to oppose fast changes in voltage magnitude and phase 
angle occurring due to system disturbances. The response time is expected to be a few ms up to an AC 
cycle, i.e. 20 ms. 

2.6.2 Applies to 

GFM only 

2.6.3 NER wording 

N/A  

2.6.4 Discussion 

• Opposing fast changes in voltage phase angle was already covered earlier in the voltage phase 
angle jump section. This is recommended to be a more appropriate place to include future access 
standards with regard to phase angle jump for both GFL and GFM plant. 

• GFM plants are also expected to reduce the sensitivity of voltage magnitude to a given change in 
current within an AC cycle compared to when the plant was not connected. It is recommended that the 
use of voltage derivative will provide improved reliability compared to the use of absolute value of 
voltage magnitude. Noting the very fast response, this requirement can be included within the existing 
sub-section a12.9.2.5. 
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2.6.5 Recommendation for WEM 

A12.9.2.5. Subject to any changed power system conditions or energy source availability beyond 
the operator of the Generation System’s reasonable control, a Generating System or 
Integrated Resource System comprised of Asynchronous Generating Units, for the 
faults referred to in clause A12.9.2.2, must have equipment capable of supplying to, or 
absorbing from, the Network: 

(a) to assist the maintenance of power system voltages during the fault:  

(i) reduce the sensitivity of voltage magnitude to a given change in current 
within 20 ms after the disturbance compared to when the plant was not 
connected. 

2.7 Damping of power system oscillations 
2.7.1 Objective 

To ensure that the plant does not cause or exacerbate damping of power system oscillations. 

2.7.2 Applies to 

GFM only 

2.7.3 NER wording 

N/A  

2.7.4 Discussion 

• A key advantage of GFM plant compared to the GFL plant 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 and is not expected to impact the 
provision of other GFM capabilities. As such it is recommended to be considered as a minimum 
access standard. 

• Assessing the provision of positive damping of wider power system oscillations requires the use of 
specialised power system modelling and analysis methodologies which have not been widely adopted 
worldwide. Even if such tools and methodologies were available, an accurate assessment requires the 
use of forward-looking wide-area electromagnetic transient (EMT) modelling which is not available at 
this point and unlikely to be available to the connecting parties even in the future. An expectation from 
the GFM to damp all power system oscillations may be above and beyond what is expected from a 
synchronous generator, which is only assessed for damping of low frequency electromechanical 
oscillations. As such it may be prudent to consider this capability as a system service where technical 
requirements, modelling methodology and tuning can be done for the specific problem in hand. 

• 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 IBRs11. 
If the control system's bandwidth is less than 300 Hz, AEMO and Western Power may determine a 
lower maximum frequency for which oscillation damping is required, provided the developer and the 
respective OEM submit sufficient supporting evidence. 

2.7.5 Recommendation for WEM 

It is recommended that the current wording in ideal performance standard for damping of oscillations 
provided by synchronous generators is used as a starting point and altered as follows. Note that this will 

 
11 CIGRE Green Book Power System Dynamic Modelling and Analysis in Evolving Networks, August 2024. 
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be a minimum access standard only. Also note that clause numbering will need to change as it will be for 
a GFM rather than a synchronous generator. 

A12.4.2.2. The Generating System or Integrated Resource System must have Equipment 
capabilities and Control Systems, including, if necessary, a power system stabiliser, 
sufficient to ensure that:  

(a) power system oscillations, for the frequencies of oscillation of the Generating 
System against any other Generating System or device, are Adequately 
Damped;  

(b) (a) operation of the Generating System or Integrated Resource System does not 
degrade the damping of any critical mode of power system oscillations of the 
power system; and  

(c) (b) operation of the Generating System or Integrated Resource System does not 
cause or exacerbate instability or poorly damped oscillations (including hunting 
of Tap-Changing Transformer Control Systems) that would adversely impact 
the SWIS power system or other Equipment connected to the SWIS.  

AEMO and the Network Operator shall 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. 

2.8 Partial load rejection 
2.8.1 Objective 

To ensure that plant will maintain continuous uninterrupted operation following a rapid loss of system load 

2.8.2 Applies 

• Currently to all generation technologies 

• Propose to apply only to synchronous generators and GFM providing islanding capability 

2.8.3 NER wording 

NER and WEM requirements are currently identical and as such not repeated here. 

2.8.4 Discussion 

• This requirement was originally developed for synchronous generators to ensure unit stability following 
a rapid loss of system load. Load rejection tests have been successfully carried out for many decades 
to confirm the operational parameters of synchronous machines by opening the local circuit breaker. 
Since such tests cannot be practically carried out on GFL inverters which does not have an ability to 
operate without any external voltage sources, the requirement was amended to refer to the loss of 
power system loads, e.g. large smelting plant or interconnector. Following the introduction of new 
access standards in the NEM on voltage phase angle jump (S5.2.5.15) and withstand SCR 
(S5.2.5.16), all aspects of the performance to be addressed by the partial load rejection (S5.2.5.7) 
are already covered in other clauses. As such it will be prudent to apply this clause to synchronous 
generators only. This is recognised in AEMO’s rule change submission and AEMC’s draft rule 
determination. 

• A further challenge identified by the AEMO and AEMC on the current wording of this clause is that it 
may hinder the provision of frequency control or inertia as such changes are not permitted by the 
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current definition of continuous uninterrupted operation. Whilst this does not require a change to this 
clause itself, it is a general recognition of the restrictions applied by the current definition of continuous 
uninterrupted operation. Proposed revised wording in AEMC’s draft determination is indicated below.  

       Continuous uninterrupted operation 
In respect of a schedule 5.2 plant or a schedule 5.3a plant generating system, 
generating unit, integrated resource system or bidirectional unit operating 
immediately prior to a power system disturbance: 
(a) not disconnecting from the rest of the power system except as required or 

permitted under its performance standards established under clauses S5.2.5.8 
and S5.2.5.9; 

(b) during the disturbance contributing active and reactive current or active power 
and reactive power as required or permitted by its performance standards 
established under clause S5.2.5.5; 

(c) after clearance of any electrical fault that caused the disturbance, not only 
substantially varying its active power and reactive power except as required 
or permitted by its performance standards established under clauses S5.2.5.5, 
S5.2.5.11, S5.2.5.13 and S5.2.5.14; and 

(d) not exacerbating or prolonging the disturbance or causing a subsequent 
disturbance for other connected plant, except as required or permitted by its 
performance standards, 

with all essential auxiliary and reactive plant remaining in service and accounting 
for, where applicable:
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(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 plant in accordance with clause 
4.4.2(c1) (primary frequency response). 

 
• Of particular relevance to the WEM rules is sub-clause (e) above noting the presence of inertia 

requirement in existing WEM rules. It is recommended to add the sub-clause (e) at the end of 
existing clause A12.6.1 (see Section 2.8.5). 

2.8.5 Recommendation for WEM 

• It is recommended to adopt the same changes included in AEMC’s draft determination 
including the revised definition of ‘’continuous uninterrupted operation’’ as highlighted above. 

• Note that the current draft determination by the AEMC and the exclusions set out in relation to 
the partial load rejection apply to the GFM plant only at this stage. It is recommended that 
these exclusions shall also apply to the GFM plant unless providing an islanding capability in 
which case the existing requirements shall remain applicable. 

• Further studies are required to determine whether the currently specified 30% and 5% load 
rejection levels are applicable to GFM plant as well. 

• It is recommended to add the text highlighted in red at the end of Part A12.6.1.5. 

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) 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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3 Other relevant recommendations 
• Developing new or modified access standards will mean that the existing access standard 

assessment methodologies will need to be revisited and revised where necessary. It is 
understood that this activity is already planned by Western Power once a decision has been 
made on the extent to which the access standards proposed in this report will be determined 
for inclusion in the WEM rules. 

• As already discussed in this report, a more comprehensive review of other changes required to 
the WEM rules with regard to access standards is recommended following the imminent 
submission based on this technical advice and high priority issues identified. 

• This report proposes a new access standard on withstand SCR. To obtain the best benefit from 
introducing this requirement, it is recommended to be considered as part of a broader 
framework for assessing and maintaining system strength in Western Australia. Currently the 
NER also includes system strength impact assessment guidelines and system strength 
requirement methodology setting out the methodologies for assessing the system strength impact 
of a connecting IBR plant to the network, and the level of system strength required in the wider 
power system. It is recommended to consider these guidelines as a starting point and make the 
necessary changes to make them suitable for Western Australian power system. Having these 
guidelines will help clarifying roles and responsibilities for assessing and managing system 
strength between the connecting party, Western Power and AEMO and their dependencies. It 
is understood that a more holistic framework for assessing and managing system strength is 
being developed by Energy Policy WA (EPWA) through the Power System Security and 
Reliability Standards Review with input from Western Power, AEMO and other stakeholders. 

• Technical requirements for the power system and individual plant are highly inter-related. 
Western Power’s Technical Rules set out system standards and various forms system stability that 
need to be accounted for to ensure system security in Western Australian power system. A 
significant change in the generation mix results in the introduction of new instability phenomena 
that would not be as relevant in a power system dominated by large synchronous generators. 
Even when an attribute of interest remains the same regardless of the generation mix, e.g. 
damping of oscillations, the success criteria could be very different depending on the root 
cause of oscillations and whether it is caused by the IBRs or synchronous machines. To gain the 
best value from improved technical performance requirements for IBRs, it is recommended that 
the network level system standards are also revised to better reflect these new and emerging 
challenges and associated success criteria.  

• With the introduction of new technical performance requirements, it is prudent to also revisit the 
existing modelling requirements to determine the extent to which the power system models 
currently received are suitable for assessing the new and emerging forms of stability, and 
associated access standard to the extent proposed in this document. It is important to note that 
models are an essential aspect of assessing access standards, and the full benefit of improved 
access standards may not be materialised without fit for purpose power system models.  
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APPENDIX A 
 

Table 1 Summary of proposed access standards 

Performance aspect New or 
modified 

Applicability Minium access standards Ideal access standards 

Withstand SCR New GFL and GFM • SCR of 2.0 (GFM) and 3.0 (GFL) 
• Include a provision for legally binding 

agreements or operational 
arrangements to address scenarios 
where the minimum access standards 
cannot be met. 

• Incorporate a provision allowing the 
use of alternative settings, distinct from 
those required for other performance 
standards, if agreed by AEMO and 
the Network Operator. 

• Continuous uninterrupted operation is 
not required when the SCR falls below 
the withstand SCR. 

• SCR of 1.2 for GFM  
• Does not apply to GFL 

Voltage Phase Angle 
Jump 

New  GFL and GFM • GFL: Withstand phase angle jump of 
20 degrees. 

• GFM: Withstand phase angle jump of 
60 degrees and supress the phase 

Not applicable. However, as 
discussed an alternative approach is 
to apply a consistent phase angle 
jump of 20 degrees for both GFL 
and GFM under the minimum 
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angle jump with a response time of 
20 ms or lower. 

access standard, while reserving the 
higher phase angle jump of 60 
degrees for the ideal access 
standard. 

Reactive Current 
Response During 
Contingencies: 
Injection ratio 

Modified 
A12.9.3.5. 

GFL (and starting 
point for GFM 
consultation) 

0% per 1% voltage drop No changes 

Reactive Current 
Response During 
Contingencies: Speed 
of response 

Modified 
A12.9.2.7. and 
A12.9.3.7. 

GFL (and starting 
point for GFM 
consultation) 

• Remove the settling time and introduce 
a commencement time of 40 ms for 
the GFL and 10 ms for the GFM 

• Increase the rise time to 80 ms for the 
GFL 

o No specific numerical value 
has been proposed for the 
GFM, as this will require 
consultation with the OEMs. 

• The same as the minimum 
access standard except that  

o the commencement time 
will reduce to 20 ms for 
the GFL.  

o the existing rise time of 
40 ms in A12.9.2.7 
will apply. 

Reactive Current 
Response During 
Contingencies: 
Response stability 

New GFL (and starting 
point for GFM 
consultation) 

• Introduce a new criterion of 
sustainment time. 

• Introduce a new definition of 
adequately controlled under 
common requirements. 

The same as the minimum access 
standard 

Reactive Current 
Response During 
Contingencies: Total 
current 

Modified 
A12.9.1.6. (a) 

GFL (and starting 
point for GFM 
consultation) 

Replace ‘’reactive current’’ with ‘’total 
current’’ 

The same as the minimum access 
standard 
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Reactive Current 
Response During 
Contingencies: 
Negative Sequence 
Current Control 

Modified 
A12.9.1.6. (c) 

GFL (and starting 
point for GFM 
consultation) 

Remove the existing sub-clause (c) and 
add new criteria to require the following: 
• Inject negative sequence current 

dependent on negative sequence 
voltage, and that leads the negative 
sequence voltage by at least 90 
degrees  

• Specify the prioritisation between the 
positive sequence and negative 
sequence currents during the faults 

The same as the minimum access 
standard  

Reactive Current 
Response During 
Contingencies: 
Frequency of current 
injection 

Modified 
A12.9.1.6. 

GFL and (and 
starting point for 
GFM 
consultation) 

Add a new requirement that ‘’active and 
reactive current injection shall have a 
fundamental frequency component same 
as fundamental frequency of the terminal 
voltage.’’ 
 

The same as the minimum access 
standard 

Reactive Current 
Response During 
Contingencies: FRT 
activation threshold 

Modified 
A12.9.2.5. and 
A12.9.3.5. 

GFL and (and 
starting point for 
GFM 
consultation) 

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

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

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

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

Reactive Current 
Response During 
Contingencies: Long 
duration faults 

Modified 
A12.9.3.7 and 
A12.9.3.8 

GFL and GFM • Reduce 2 seconds to 450 ms 
• Replace adequately damped with 

adequately controlled 

The same as the minimum access 
standard 
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Active Current 
Response During and 
After Contingencies 

Modified 
A12.9.2.5. (b) 
and A12.9.3.5. 
(b) 

GFL and GFM Replace ‘’ after clearance of the fault’’ 
with ‘’ after the end of the disturbance’’ 

The same as the minimum access 
standard 

Behaviour at current 
limitation 

New GFM Use a revised definition of "adequately 
controlled" specifically adapted for GFM. 

The same as the minimum access 
standard 

Disturbance Ride 
Through for Multiple 
Disturbances 

Modified GFL and (and 
starting point for 
GFM 
consultation) 

• Use the same minimum access 
standard as the NER with the 
following two changes: 

o Define and use ‘’end of the 
disturbance’’ as opposed to 
‘’fault clearance 

o Allow a provision to account 
for the impact of technology 
specific limitations  

Use the same ideal access standard 
as the NER and the new definition 
of ‘’end of the disturbance’’.  

Oppose Fast Changes 
in Voltage Magnitude 

New GFM Reduces sensitivity of voltage to current 
within 20 ms 

Not applicable 

Damping of Power 
System Oscillations 

New GFM Use revised wording A12.4.2.2 as 
proposed in this document (note that this 
will not impact A12.4.2.2 itself which 
applies to synchronous generators) 

Not applicable 

Partial Load Rejection Modified GFL and GFM • Exclude the requirement from both the 
GFL and GFM except for GFM with 
islanding capability. 

• Adopt the proposed definition of 
continuous uninterrupted operation as 

The same as the minimum access 
standard 
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per AEMC’s draft determination of 
access standards. 

Inertia and frequency 
control 

Modified 
A12.6.1.5. 

GFL and GFM Add a clarification that this clause will not 
apply to IBR plant providing a fast 
frequency response or inertial response  

The same as the minimum access 
standard 
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