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Comments on Rule Change Justification 

1. Item 1 -Summary 

 

Comment: 

A Type 3 Wind Farm is for a DFIG type generator not a full inverter-based Wind Farm (or PV or BESS).  
The hypothetical Wind Farm should represent full inverter technology  

It is not clear how modelling of DFIG generators will assist in discussions regarding full inverter 
technology. 

 

 

2. Item 2  
 

 
 

Comment: 
The current rule (NER V193) says no reactive injection is required if voltage at PoC is 5% for 
Automatic Access or 15% or less for Minimum Access.  Reference = S5.2.5.5 (p) (1). 
 
The discussion refers to “voltage” but what voltage?  The CRI referred to shortcomings in the 
definition of voltage in the NER.  Section 10 (Glossary) of the NER defines “voltage” as an electronic 
force (whatever that means).  The voltage could be Phase-Neutral RMS, Phase-Phase Peak, 
instantaneous peak voltage, average voltage etc, etc. The continued use of an inappropriate 
definition of voltage (whereby proponents may face sanctions) is technically very poor.   
 
The rules should follow the UK Grid Code example and specify “positive sequence voltage”.  This 
definition is both clear and technically meaningful. 



 
 
 

3. Excess Voltages on healthy phases 

 
 
The current NER makes no reference to the impact of reactive injection on healthy phases.  
There is nothing in the rules that justifies this “consensus” and “consensus” has certainly not 
been forthcoming in our personal experience covering the entire market period.  During the 
CRI discussions this was not treated as a major issue.  In contrast, the UK Grid Code makes 
specific reference to this risk and requires the reactive compensation to specifically address 
this issue.  Where inverter controls can be tuned and set to respond to the faulted phase/s it 
should do so.  This requirement does not apply to synchronous units. 
 
This aspect is a risk to power system security (via equipment damage) and as such needs to 
be treated very seriously by the AEMC.  
 
 
 
 

4. Rise Times 

 

The Aurecon finding is expected as they are basing their studies on a Type 3 (DFIG) wind farm and 
NOT a Type 4 (IBR) wind farm.  All four quadrant inverter controllers (WF, SF and BESS) should 
behave in a comparable manner.  Fixing rise times within the rules denies control engineering to 
appropriately tune for the local and system conditions. Speed of response and contribution to 
damping are always a compromise when tuning rotating machines1, the same principles apply to 
IBR. Greater consideration has to be given to tuning to suit a wide range of operating conditions – 
this tuning ought to be done in the frequency domain not the time domain.  Please read the NREL 
publication on “A reverse Impedance-Based Stability Criterion for IBR Grids”: available at 
https://www.nrel.gov/docs/fy23osti/84000.pdf.   

Requiring fast rise times on generators in weaker parts of the network is a recipe to create 
interactions such as the North-West Murray zone debacle.  All tuning should be assessed against the 

 
1 SECV International “The Synchronous Generator Excitation System: Overview, Performance and 
Measurement.  P Ravalli 1994” 

https://url.avanan.click/v2/___https:/www.nrel.gov/docs/fy23osti/84000.pdf___.YXAzOmVraXN0aWNhOmE6bzo4NjY5ODk2MDFmMTNmYWM3MDFhZWFiY2E5NGEzOTBlYjo2OjdhMTY6NGY4OGM3MTM4NDk1ZTI5OTkzYzEwNzg2MGJlNTBiNjE3YWFjNTg5YWVmNGI4OWFlYjE2YjNlMDk3MjdmODZkYTpwOlQ


natural frequencies of the network, other generators and other controllers.  Stability assessment is 
not considered in the quest for automatic standards.  Understanding stability and damping analysis 
in the frequency domain is critical, forcing a fixed characteristic on all IBR technology is a guarantee 
of interaction between controls and does not assure or assess damping for critical modes. .   

 

5. Item 5  Appendix D 

 

This is not entirely correct.  For a bolted fault, an infinite amount of reactive power injection will not 
improve voltages at the faulted point.  See also NER S5.2.5.5 (p) (1) where reactive injection is NOT 
required if PoC voltages fall below 15%. 

It is not clear why a 15% voltage doesn’t require reactive injection, but 16% voltage does require 
reactive injection.  Perhaps AEMC and Aurecon could provide some commentary on this disjointed 
approach. 

AEMC/Aurecon don’t make any reference to system SVC’s that freeze thyristor firing angle during 
faults (when voltage dips are less than ~70%).  The SVC manufacturers have long determined that 
the benefits of reactive contribution during faults is outweighed by the overvoltage risks after fault 
clearance.  

 

6. Short Circuit Current 
 

 
• If Zf = 0 then current will be inductive 
• This example assumes that reactive power is inductive, and that capacitive current 

is something else.  It should say “illustrate that the fault current is mostly inductive 
in nature.  It is not clear how the fault current can be capacitive?  Perhaps 
AEMC/Aurecon could explain this? 

 



7. Three-Phase bolted fault 

 

 

o For a bolted three-phase fault, the voltage will be zero at the fault location, regardless of the 
source fault level. 

o The statement “However, real faults are never quite so severe and there is always some 
non-zero short circuit impedance” is not correct.   

o There is a specific class of faults related to closing onto operational earths which 
contradict this assertion.   

o Tower collapse can also result in bolted three-phase faults (see 2016 storm-related 
network failure in SA and also in Vic (separate 500kV and 330kV events). 

o Bus Failures (falling structural members) can also result in bolted three-phase faults 
 

The narrative provided by the AEMC is therefore not a true representation of the physical outcome 
on the system. This is an example of the simplifications or beliefs that explain faults in a manner that 
suits an argument to justify rule outcomes which ignore reality.  

 
 
 
 

8. Fault Current  

The AEMC has considered Total Current as a means of determining reactive requirements.  However, 
they only consider Positive and Negative sequence currents.  This is conceptually incorrect as it 
ignores Zero sequence currents.   

 

9.  Temporary Over- Voltages 

 



The fault shown here is a balanced three-phase fault and yet TOV is greater than 120%.  Why doesn’t 
AEMC/Aurecon show the impact of reactive injection on the healthy phases of a single phase-ground 
fault?  The original AEMO rule for 4% ∆Q/1% ∆V never considered this issue, yet it impacts 
significantly on power system security and can stress and damage equipment. 

 

10. Ideal Reactive current response 

 
 

• Part 4 above implies individual phase control.  Such controls will add considerably to 
the cost of Inverter-fed generation and contrasts with normal synchronous 
generation controls.  Thus, it could be argued that this would represent a barrier to 
entry to inverter technology. 

 
• The UK Grid Code specifies that the inverter-based generation should contribute to 

reactive power during a fault subject to considerations of over-voltages on healthy 
phases. Rather than relying on single phase controls, I think the UK approach is more 
pragmatic and cost effective. 

 
• The limitations outlined in 6 above merely highlight how inappropriate the whole 

question (of reactive current injection during a fault) actually is. 
 

• “the maximum current that can be supplied by the facility as quickly as possible” 
These words taken at face value, ignore the need to tune control systems to be 
stable against all other controls within the network.  Maximum and fast as possible 
is not reasonable across the broad for voltage control behaviour, this attitude of 
everything has to be fast and max fails to assess in the frequency domain the 
stability and damping contribution of the controllers and will lead to network modes 
being excited.  

 

 

 

 

 



COMMENTS ON PROPOSED RULE: 

1) 

 
Comment: 
This is a welcome addition as it at least acknowledges the issue of reactive injection on 
healthy phases.  However, the wording is imprecise and subjective.  What is meant by 
“excessively”?  Isn’t this just opening yet another requirement for interpretation by AEMO, 
NSP’s and their engineers?  Perhaps it should be tied into explicit reference to S5.1.a4 as this 
describes expected transient Over – Voltage)  
 

1. Definition of Voltage 
At present, Voltage is a defined term under the Chapter 10 of the NER rules (Glossary).  
Unfortunately, “Voltage” is defined as an “electronic force” which is totally incorrect.  There 
is no such thing as an electronic force (at least not in any textbook we can find). 
 
Any rule based on this definition would not be capable of being interpreted and hence there 
would be no way of enforcing any technical requirements relating to voltage.   The AER 
should be consulted on how they would enforce the NER given this definition of “voltage”.  
 
The NER uses the term “voltage” in several areas, but the meanings are different.  For 
example, the UK Grid Code chooses to relate the reactive current injection to positive 
sequence voltages, and this is definition is recommended in these comments.  Other 
voltage-related areas clearly refer to RMS voltages.  It would be appropriate to designate 
each voltage reference in the NER with a clear definition of what is meant. 
 

2.  The AEMO interpretation of the NER is for proponents to meet the Automatic Access 
Standard (or as close as possible).  Generally, this approach is reasonable.  However, the 
issues raised in the discussion paper about the impacts of X/R ratio and appropriateness of a 
Q-Response show that the AEMO AAS interpretation may lead to inappropriate system 
outcomes.  The rules should remove this interpretation risk in this matter.   

For this rule, the NER should specifically state that the Automatic Access does not necessarily 
ensure the best outcome for the system as a whole and that the Access Standard should be 
agreed with AEMO, NSP and proponents - based on the appropriate response given the particular 
circumstances such as location, generator capacity, network strength, proximity to other 
generation etc. Overall, the controls need to be assessed for stability and the response is always a 
compromise between speed and damping, regardless of the technology.   

 
 

 


