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Dear Mark, 
 
re: AEMO Consultation on Interim Primary Frequency Response Requirements (PFRR) 
 
Delta Electricity operates the Vales Point Power Station situated at the southern end of Lake Macquarie 
in NSW. The power station consists of two 660MW conventional coal-fired steam turbo-generators. The 
opportunity to provide comment on the draft Interim PFRR is appreciated. 
 
Delta Electricity understands the PFRR has been written to be applied to new connections as well as to 
prescribe specifications for existing controllers. Delta supports the application of the draft Interim PFRR 
on new connections where designers can reasonably consider all the required parameters.  
 
In application of PFRR on existing controllers, in general, Delta Electricity recommends that AEMO 
concentrate primarily on deadband and droop having due consideration for variability of operating 
conditions.  
 
Cautious adjustments towards tighter deadbands required for a Unit are recommended particularly on 
Units such as Vales Point where the overall governing system is made up of control sub-systems. 
Deadbands of sub-systems that provide optimum stability of a Unit and the Network should be favoured 
over deliberate and strict matching of deadbands of a sub-system of a Unit to the equivalent of the 
PFCB. The pursuit of a common overall governing deadband on Units with interconnected governing 
sub-systems that must coordinate to avoid instability is not just a simple matter of setting deadbands of 
the subsystems to the equivalent of the PFCB.  
 
Delta Electricity also recommends staged and coordinated implementation of tighter dead bands so that 
the PFR delivery is evenly shared between participants. Generators in the NEM should not be required 
to control frequency more sensitively than a competitor without being compensated for it. As part of 
mandatory PFR Rules implementation, the development by AEMO of a system that recognises superior 
PFR delivery and compensates superior performance is recommended. An eventual market solution that 
includes this recognition but also procures only the minimum amount required to produce the quality of 
frequency control the NEM requires at any given moment remains Delta Electricity’s preferred long-term 
system. 
 
Delta Electricity maintains a present viewpoint that PFRR delivery required by the new Rule does not 
authorise the PFRR to specify droop response beyond NOFB limits. The NOFB limits are the defined 
widest initiation limits for commencement of market services i.e. contingency FCAS. It is Delta 
Electricity’s opinion that contingency FCAS delivery, which makes use of energy stored for its purpose, 
the same energy to be used for PFR on Vales Point Units, ought to already include PFR required 
beyond the NOFB. If not already being prepared for by AEMO, further adjustments for pre-dispatch 
volumes for 6/60s FCAS are recommended. Whilst Delta Electricity also considers that PFR delivery is 
more similar in concept to regulation FCAS, the present FCAS regulation system dispatched by AEMO 
to Vales Point cannot deliver “fast-acting” PFR because of its delivery with the energy dispatch as a 
single combined target and only reflective of slower time-error corrections as the AGC determines. An 
additional regulation response delivered as a separate signal to a power station DCS could make use of 
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the stored energy used for contingency services and provide “fast-acting” PFR. However, this change 
would need FCAS controller redesigns in Unit DCS not catered for in the PFRR rule change. 
 
As evidence of the potential for variability in response times during real system events, attachment 3 
includes a table of results from recent deadband testing (February and March 2020) of Vales Point Unit 
5. The amount of stored energy on a Unit, fuel conditions, ambient conditions, interactions between 
interconnected control systems of a single Unit, interactions between Units across the NEM and the 
electrical dynamic response of the NEM at different times of the day and the year all impact on Units 
being able to consistently deliver on parameters such as response time if too precisely defined. The 
capability may exist but due to system variability only be demonstrated in 50% of responses, for 
example. A Units response can also be affected by the AGC dispatch delivery and the timing of dispatch 
intervals relative to when a frequency response is required. Units will be capable of delivering the 
specified PFRR response time but, due to many variables in the Unit, the Network and AEMOs dispatch 
systems should not be expected to consistently deliver it.  
 
The imperative of implementation of mandatory PFRR should be on urgently addressing AEMOs system 
security concerns regarding existing frequency quality. Where an existing controller can simply be 
adjusted to deliver PFRR droop and an overall Unit governing deadband approaching the PFCB, great 
flexibility in accepting other PFRR parameters is recommended over specific detailed and strict 
compliance expectation.  
 
Delta Electricity recommends and encourages AEMO to maintain focus on other actions that improve 
frequency conditions. Adjustment to FCAS dispatch volumes made by AEMO in 2019 and early 2020 
have demonstrably (see attachment 4) retarded the deterioration first identified in 2017 as being 
concerning to AEMO and lower demand conditions currently occurring appear also to be increasing the 
time frequency remains within the NOFB. Delta Electricity continues to believe that deterioration has 
much to do with factors, not related to PFR reduction, that are evidently influencing the day to day 
frequency performance.  
 
Attachment 1 addresses relevant clauses of the draft PFRR with detailed comments and 
recommendations for AEMO to consider in its final determination. Attachment 2 provides a marked-up 
version of the draft Interim PFRR with suggested amendments. 
 
Delta Electricity would like AEMO to give Delta’s recommendations due consideration and if AEMO 
wishes to discuss this submission I can be contacted on (02) 4352 6315 or simon.bolt@de.com.au. 
 
Yours sincerely 
 

 
Simon Bolt 
Marketing – Technical Compliance 
 
Attachments: 
 

1. PFRR – Delta Comments on various clauses 
2. Suggested PFRR amendments 
3. Specific Table of results – Deadbands and response times of a complex governing system 
4. Trends of NEM Frequency Event Counts outside NOFB – Jan 2012 to Apr 2020
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ATTACHMENT 1 – PFRR – Delta Electricity comments on various clauses 
Clause PFRR Delta Electricity Comments 
2. Requirement to provide PFR The Draft PFRR assumes a simple system. In reality, systems such as that 


installed at Vales Point involve several controllers that work differently.  
 
To simplify the self-assessment process, Delta Electricity recommends the 
PFRR include standard variations for Units like that at Vales Point 
permitting PFR only apply above self-commitment levels and when able to 
be automatically dispatched by AEMO. At other times, Units are operated 
off coordinated modes, manually or in automatic response to detected 
conditions, to prevent loss of Unit. Manual controls attempt to stabilise a 
Unit and if achieved operators then return the Unit to full automatic control.  
 
In Turbine Follow control mode, as is commonly used during Unit start up 
but also automatically engaged after larger plant-related disturbances to 
maintain safe conditions and Unit security, the DCS provides no form of 
frequency control. In Turbine follow mode, the DCS uses the governor to 
control steam pressure only.  
 
No redesign is considered practical on the mechanical governing systems 
nor the governing systems that control a Steam Unit when being 
synchronised or regulating initial Unit loading prior to valve transfer to the 
mechanical governor and throttling valves.  
 
Simple adjustments to existing FCAS controllers installed in the Unit DCS 
are preferred and will provide more prompt addressing of system security 
concerns than will extensive redesigns.  
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Clause PFRR Delta Electricity Comments 
3.2. PFR Parameters – Maximum Allowable Deadband It is understood that this clause presently contains a typographical error and 


that PFCB is considered by AEMO to be the minimum, not maximum, 
deadband possible to be assigned to a plant under the PFRR. It is 
anticipated that the determined Interim PFRR will be revised to indicate this.  


The deadband applicable at a site might necessarily be found, during the 
implementation and testing phase, to be required to be set at a wider level 
particularly where the Affected GS has several different mechanisms and 
controllers being coordinated to provide an overall system. It is 
recommended that the PFRR, in recognising existence of a complex system 
on a Unit, require only that at least one element in a complex system (e.g. 
the mechanical governor) be required to try to match the PFCB and other 
elements be set in consultation with AEMO to provide the overall most 
stable result. 


Mechanical governors respond to speed change and will cease responding 
when speed is settled, even if it isn’t 3000rpm. The mechanical governor 
deadband is relative to the speed from which the governor first reacts. 


Delta Electricity considers that the National Electricity Objective requires 
that if a particular plant in a local region cannot achieve the tightness of 
overall deadband of +-15mHz and a larger deadband is agreed by AEMO to 
apply at that plant then, in the interests of fair competition in the application 
of a mandatory Rule, other nearby plant of similar technology should be 
advised and permitted to relax any relevant part of a complex controller to 
be no narrower than the deadband permitted by AEMO for the nearby 
competitor. An alternative to this approach would be for AEMO to develop a 
compensation process for superior performance. 
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Clause PFRR Delta Electricity Comments 
3.3. Droop For Units with complex governing systems involving several controllers 


operating together, coordinated sub-systems can deliver an overall droop 
<= 5% with one subsystem >5%.  


The reaction from a mechanical governor delivers throttle valve positional 
change adjusting turbine load position proportional to a detected speed 
change. Its feedback is based on positional change not on delivered MWs. 
At nominal steam conditions for the dispatched load, the MWs delivered by 
a reaction to turbine speed change will be that expected from the droop 
lever ratio of ~4%. If actual steam conditions are less than nominal, the 
delivered MWs will be less than expected. If the initial stable speed from 
which the response is detected and/or the final stable speed where the 
response ceases are not 3000rpm, the turbine mechanical-hydraulic 
governor could be responding at odds with overall required corrections. A 
better droop equation for the mechanical-hydraulic governor is below: 


𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 (%) = 𝟏𝟏𝟏𝟏𝟏𝟏 ×
∆𝐒𝐒/𝐒𝐒𝟏𝟏


∆𝐓𝐓𝐓𝐓/𝑻𝑻𝑻𝑻𝑴𝑴𝑴𝑴𝑴𝑴
 


Where: 
∆S = change in turbine speed detected, in rpm.   S0 = initial stable speed that may not be 3000rpm  
∆TV = change in throttle valve position    TVMAX= maximum throttle valve movement 


 
The reaction from the DCS FCAS controller is added or subtracted to the 
dispatch target which in automatic dispatch from AEMOs AGC may well 
result in different overall outcomes for steady loading to that of energy ramp 
increases and decreases. The direction of a required PFR frequency 
response relative to an energy ramp direction is important to consider and it 
is recommended AEMO focus on droop reactions under steady load 
dispatch conditions. 







 
 


6 


Clause PFRR Delta Electricity Comments 
3.4. Response Time For Units with complex coordinated governing reactions from a variety of 


controllers, planned testing of a machine’s complete response in a 
controlled manner is very difficult. The mechanical governor rotating 
element is driven off the turbine shaft and is not testable by introducing a 
simulated precision step change to its rotational speed. In the DCS, a 
simulated test on the FCAS controller can occur but the result won’t include 
the natural response from the mechanical governor which will actually act in 
opposition to the DCS simulated speed response.  


Delta Electricity believes the capability required by the draft PFRR cannot 
be guaranteed to be consistently delivered by systems such as at Vales 
Point. Apart from the different systems of governing that operate, the 
operational circumstances that affect steam conditions are many and 
varied. A response of the type defined may occur where nominal fuel 
quality, full operating capacity and typical ambient conditions apply but 
variations will still occur regularly that will result in under delivery.  


The determination of adequate damping is also fundamentally difficult to 
examine and determine when the Unit is coupled to many other systems 
and controllers. How does AEMO expect each assessment of adequate 
damping to be performed? Does AEMO have standard spreadsheets that 
perform adequate damping arithmetic to aid participants in assessing 
responses? It is recommended AEMO consider a simpler definition easily 
comparable on a presented trend or provide the method for participants to 
compare damping is adequate to the full Rules definition. 


PFR is also provided by Market Ancillary services. Requiring response 
times to be assessed against 0.5Hz frequency changes is overreach and 
the maximum expected PFR obligation should be limited to the reaction 
required from the PFCB to the NOFB, i.e. a 135mHz change at most. 
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Clause PFRR Delta Electricity Comments 
Sudden movements larger than this amount must by Rules definitions be 
engaging MASS FCAS controls that AEMO should be dispatching to include 
for PFR beyond the NOFB. 


It is recommended this parameter be moved to section 4 and that adequate 
damping be replaced by a simpler expression of halving time of oscillatory 
amplitudes.  


Attachment 3 explores recent performance of a typical Unit. 


4.1. No Withdrawal of Response Mechanical governors respond to speed change and will cease responding 
when speed is settled, even if it isn’t 3000rpm. The mechanical governor 
deadband is relative to the speed from which the governor first reacts. The 
response is not withdrawn but ceases when the required throttle valve 
movement, representing the required MW change for the detected speed 
change, is complete, at which point the mechanical feedback shuts off the 
hydraulic energy source to the throttle valves actuators. 


Unit MW controllers observe AEMOs AGC targets and also any error 
resulting from mechanical governing reaction. MW controllers eventually 
need to perform corrections to dispatch to achieve dispatch objectives to 
balance Generation and Demand outcomes. This correction back to energy 
dispatch objectives can appear as a withdrawal of the PFR. The withdrawal 
can be prevented by tighter deadbands on the DCS Frequency Controller.  


The DCS FCAS controller operating on a tighter deadband can provide a 
sustain a MW response from the mechanical governor and hold the turbine 
to that requirement for short periods and only within the limits of available 
prepared energy to do so for raise response, or above Unit instability 
conditions for lower responses. Sustained system conditions cannot be 
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Clause PFRR Delta Electricity Comments 
permanently catered for by such machines except by way of adjusted 
energy dispatch from AEMOs AGC, energy rebidding or Unit automatic 
removal if instability is too great. Adequate balanced dispatch conditions 
eventually have to be prepared for via AEMO AGC allowing time for 
recovery in the Unit conditions. 


There will be operational reasons, including low load operations below 
registered minimum loads, and test conditions of a temporary nature where 
sub-systems of the overall Affected GS PFR controller may need to be 
taken out of service. Other DCS reactions to plant conditions will 
automatically remove the system from operation to maintain the most safe 
and secure conditions for the Unit. Where possible, AEMO agreement to 
planned temporary removal from service of PFR will be sought and AEMO 
informed prior to withdrawal and following reinstatement. It is understood 
that AEMO is already considering including such circumstances as 
Standard Variations in the PFRR. 


4.2. Range of Response AEMO have stated that PFR is to exist in an unlimited amount regardless of 
the NEM dispatch of Contingency FCAS. Delta Electricity considers this to 
be overreach in the mandatory PFR rule application and that the range of 
response should be limited by droop definition and measured reaction 
between the assigned deadband and the normal operating frequency band 
(NOFB) where AEMOs NEM dispatched FCAS controls should be 
adequately prepared to include for PFR outside of the NOFB. Any more 
response from PFRR beyond the NOFB is overreach into the competitive 
FCAS 6s market which, under separate Rules that detail the objectives of 
MASS and specifically FCAS, are also required to maintain system security. 


For example, on a system that can achieve the PFCB and assuming 
AEMOs PFRR maintains frequency to the PFCB most of the time, the 
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Clause PFRR Delta Electricity Comments 
above Droop reaction may equate to a maximum of 135mHz of response. 
PFR required beyond these deviations ought to be prepared for and 
delivered by FCAS services. 


However, effective raise PFR (ie. fast-acting) responses under the PFRR 
will also be zero on Units with no pre-prepared stored energy. 


It is also the function of a well-designed proportional controller to observe 
the assigned droop equation and only deliver the proportional MWs relevant 
to the detected frequency (or speed) variation. The droop characteristic and 
its relationship to the detected deviation in frequency or speed is itself a 
limiter of the range of response for each given deviation. 


Outside of NOFB limited PFR responses, rapid lower responses larger than 
Performance standard (S5.2.5.7 Partial Load Rejection) values should be 
considered standard limitations on PFRR. Many plants will have a 
protection system that will interrupt their Unit if the load drop exceeds the 
GPS registered value. 


4.3. Continuity of Response There will be operational reasons, including low load operations below 
registered minimum loads, and test conditions of a temporary nature where 
subparts of or the overall Affected GS PFR controller may need to be taken 
out of service. Some conditions will automatically remove the system from 
operation. Where possible, AEMO agreement to the temporary removal 
from service of PFR will be sought and AEMO informed prior to withdrawal 
and following reinstatement. It is understood that AEMO is already 
considering including such circumstances as Standard Variations in the 
PFRR. 
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Clause PFRR Delta Electricity Comments 
5., 6., 
7. and 
8.  


Initiation of Application, AEMO Assessment, Exemptions 
and Variations and Stability Testing. 


The Application Process 


It is recommended the interim PFRR include example timeframes for the 
process from self-assessment through to implementation be included as a 
further appendix. An example is below: 


Process Step Permitted Period Total elapsed period 


Participant Self- 
Assessment 


60 business days 60 business days 


AEMO request for more 
information  


5 business days 65 business days 


Participant supply of 
more information - 
Extension of time 
request 


5 business days 70 business days 


AEMO grants extension 
of time 15 business 
days 


(not specified; 
assumed) 


5 business days 


75 business days 


Participant supplies 
extra information and 
PFR variation form 


15 business days 90 business days 


AEMO PFRR Variation 
consideration – Further 
information needed 


10 business days 100 business days 
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Clause PFRR Delta Electricity Comments 


Participant supply of 
more information for the 
variation - Extension of 
time request 


10 business days 110 business days 


AEMO grants variation 
information extension of 
time 15 business days 


(not specified; 
assumed) 


5 business days 


115 business days 


Participant Variation – 
Further information 
supplied 


15 business days 130 business days 


Implementation wait 
time (to suit AEMO 
NEM-coordinated 
implementation) 


(not specified) 


20 business days 


150 business days 


Implementation to 
50mHz - Tested 


(not specified; 
assumed but 
dependent on actual 
event) 


5 business days 


155 business days 


Implementation to final 
Deadband wait time (to 
suit AEMO NEM-


(not specified) 


60 business days 


215 business days 
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Clause PFRR Delta Electricity Comments 


coordinated 
implementation)  


Implementation to final 
adopted deadband - 
Tested 


(not specified; 
assumed but 
dependent on actual 
event) 


5 business days 


220 business days 


 
5.1.(b) INITIATION OF APPLICATION – Existing Affected 


Generators 
The deadbands values need to be amended to include for the very likely 
possibility that variations will be adopted. It may also need rewording to 
allow for plant that is proven to have an unadjustable zero deadband.  


6.1. Insufficient Information The clause should refer to the extension of time clause. 


It is possible the information doesn’t exist or cannot be supplied by an OEM 
in which case how should AEMO and the participant approach settings that 
may lie outside available operating experience and knowledge, have no 
previous test results and where no OEM advice is available? How will the 
potential risk of damage be mitigated and will be the burden of risk be 
carried by AEMO and the participant compensated if there is temporary or 
permanent damage impacted on a Unit? 


Older plants sometimes have no information. The age of components also 
warrants caution in application of more sensitive controls in case of 
substantial damage resulting from an insistence of application if a 
participant’s self-assessment, variation or exemption application carries no 
available evidence and AEMO chooses to reject full exemption or variations 
applications. 
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Clause PFRR Delta Electricity Comments 
6.3. AEMO Response Some paragraphs in this section are more descriptions about AEMOs 


response to submitted self-assessment results. See comments above on 
the overall process. 


Paragraphs 2 and 3 are not really obligations and could be removed to a 
more general section or appendix describing the overall process and 
providing examples. 


7.1.1. EXEMPTIONS AND VARIATIONS - Capability It is possible the information doesn’t exist or cannot be supplied by an OEM 
in reasonable time in which case how should AEMO and the participant 
approach settings that may lie outside available operating experience and 
knowledge, have no previous test results and where no OEM advice is 
available? How will the potential risk of damage be mitigated and will be the 
burden of risk be carried by AEMO and the participant compensated if there 
is temporary or permanent damage impacted on a Unit? 


Older plants sometimes have no information. The age of components also 
warrants caution in application of more sensitive controls in case of 
substantial damage resulting from an insistence of application if a 
participant’s self-assessment, variation or exemption application carries no 
available evidence and AEMO chooses to reject full exemption or variations 
applications. 


7.4.1. Insufficient Information The clause should refer to the extension of time clause. 


7.5. Standing Exemptions Include for standing variations. 


8.1. STABILITY TESTS - General Some plant can perform step tests on a sub-system of the overall PFR 
system.  
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Clause PFRR Delta Electricity Comments 
8.2. STABILITY TESTS – Demonstration of Stability Some plant can perform step tests on a sub-system of the overall PFR 


system. 


8.2.1. STABILITY TESTS – Step response Stability Test AEMO may wish to consider including wording that permits short periods of 
notice with AEMO agreement because it is considered possible that strict 
adherence to 10 business days may not always suit AEMO, the TNSP and 
the participant acting reasonably. 


The determination of adequate damping is fundamentally difficult to 
examine and determine when the Unit is coupled to many other systems 
and controllers. How does AEMO expect each assessment of adequate 
damping to be performed? Does AEMO have standard spreadsheets that 
perform adequate damping arithmetic to aid participants in assessing 
responses? It is recommended AEMO consider a simpler definition easily 
comparable on a presented trend or provide the method for participants to 
compare damping is adequate to the full Rules definition. 


Response time confirmations only need to be performed for either a positive 
or negative active power change. 


The recording system will be whatever is already installed as the Rule does 
not require the installation of new recording equipment with the ability to 
measure to one sample per cycle. TNSP records may be accessible. 


8.2.2. STABILITY TESTS – Actual Response to Power System 
Disturbance 


Some plant can perform step tests on sub-systems of the overall PFR 
system but an actual response to power system disturbance would be 
required to demonstrate the coordinated response from the overall system. 
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Clause PFRR Delta Electricity Comments 
The recording system will be whatever is already installed as the Rule does 
not require the installation of new recording equipment with the ability to 
measure to one sample per cycle. TNSP records may be accessible. 


9.1. COMPLIANCE – Ability to Operate in Frequency 
Response Mode and Sustain PFR 


Mechanical governors respond to speed change and will cease responding 
when speed is settled, even if it isn’t 3000rpm. The mechanical governor 
deadband is relative to the speed from which the governor first reacts. The 
response is not withdrawn but ceases when the required throttle valve 
movement, representing the required MW change for the detected speed 
change, is complete, at which point the mechanical feedback shuts off the 
hydraulic energy source to the throttle valves actuators. 


Stabilised frequency at any value will cause the mechanical response to 
cease but DCS FCAS response will continue if frequency remains outside 
the deadband of the FCAS controller. 


However, in a sustained frequency event that runs across Dispatch 
intervals, AEMOs AGC and its dispatch decisions will influence the outcome 
of the DCS FCAS controller setpoint on Units remotely controlled by AEMO. 
Unless AEMO is intending to install additional controllers to influence and 
override NEMDE and AGC dispatch outcomes, this situation may need 
including for in Standard variations and in clause 9.1. 


9.2. Changes to PFR settings There will be operational reasons, including low load operations below 
registered minimum loads, and test conditions of a temporary nature where 
subsystems of or the overall Affected GS PFR system may need to be 
taken out of service. Some conditions will automatically remove the system 
from operation. Where possible, AEMO agreement to the temporary 
removal from service of PFR will be sought and AEMO informed prior to 
withdrawal and following reinstatement. It is understood that AEMO is 
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Clause PFRR Delta Electricity Comments 
already considering including such circumstances as Standard Variations in 
the PFRR. 


10.(c) Publication of Primary Frequency Response Outcomes – 
(c) variations 


It is recommended that Deadband values agreed to by AEMO as variations 
should be listed against Units to ensure fairness in application is 
transparently comparable between Units of similar design and technology. 


Delta Electricity considers that the National Electricity Objective requires 
that if a particular plant in a local region cannot achieve the tightness of 
overall deadband of +-15mHz and a larger deadband is agreed by AEMO to 
apply at that plant then, in the interests of fair competition in the application 
of a mandatory Rule, other plant of similar technology in the same 
jurisdiction should be advised and permitted to relax any relevant part of a 
complex controller to be no narrower than the deadband permitted by 
AEMO for the nearby competitor. An alternative to this approach would be 
for AEMO to develop a compensation process for superior performance. 
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[bookmark: _Toc380666654][bookmark: _Toc391370315][bookmark: _Toc445212696][bookmark: _Toc445384263][bookmark: _Toc39056686]INTRODUCTION

[bookmark: _Toc445212697][bookmark: _Toc445384264][bookmark: _Toc39056687]Purpose and scope

These are the interim primary frequency response requirements made under clauses 11.112.2 and 4.4.2A(a) of the National Electricity Rules (PFRR). 

The PFRR have effect only for the purposes set out in the National Electricity Rules (NER).  The NER and the National Electricity Law prevail over the PFRR to the extent of any inconsistency. 

[bookmark: _Toc445212698][bookmark: _Toc445384265][bookmark: _Toc39056688]Definitions and interpretation

Glossary

Terms defined in the National Electricity Law and the NER have the same meanings in these PFRR unless otherwise specified. 

Terms defined in the NER are intended to be identified in these PFRR by italicising them, but failure to italicise a defined term does not affect its meaning.

The words, phrases and abbreviations in Table 1 have the meanings set out opposite them when used in these Procedures. 

Defined Terms

		Term

		Definition



		Affected Generator

		Scheduled Generator and Semi-Scheduled Generator.



		Affected GS

		The generating system of an Affected Generator.



		Affected GS’ Deadband

		The deadband at which the Affected GS will be operated in accordance with AEMO’s approval in accordance with section 6.3.



		DCS

		Distributed control systems.



		Droop

		As defined in clause S5.2.5.11(a) of the NER.



		LNSP

		An Affected Generator’s Local Network Service Provider.



		Maximum Operating Level

		As defined in clause S5.2.5.11(a) of the NER.



		Minimum Operating Level

		As defined in clause S5.2.5.11(a) of the NER.



		OEM

		Original equipment manufacturer.



		PFCB

		Primary frequency control band



		PFR

		Primary frequency response



		PFRP

		Primary frequency response parameters



		PFRR

		Primary frequency response requirements



		PFR Settings

		The frequency response mode settings (deadband, droop and response time) applicable to an Affected GS, as approved by AEMO in accordance with section 6.3.



		PMAX

		is the Maximum Operating Level of a Unit (or inservice Units where Units are aggregated) in MW.



		Results

		As defined in section 5.1(a).



		RMS

		Root mean square





Interpretation

The following principles of interpretation apply to these PFRR unless otherwise expressly indicated: 

These PFRR are subject to the principles of interpretation set out in Schedule 2 of the National Electricity Law.

References to frequency should be read as referring frequency as measured at an Affected GS’ connection point.

Units of measurement are in accordance with the International System of Units.

[bookmark: _Toc8124462][bookmark: _Toc8128619][bookmark: _Toc8124463][bookmark: _Toc8128620][bookmark: _Toc8124464][bookmark: _Toc8128621][bookmark: _Toc8124465][bookmark: _Toc8128622][bookmark: _Toc9939814][bookmark: _Toc8124470][bookmark: _Toc8128627][bookmark: _Toc9939819][bookmark: _Toc8124474][bookmark: _Toc8128631][bookmark: _Toc9939823][bookmark: _Toc8124478][bookmark: _Toc8128635][bookmark: _Toc8053909][bookmark: _Toc8124480][bookmark: _Toc8128637][bookmark: _Toc8053910][bookmark: _Toc8124481][bookmark: _Toc8128638][bookmark: _Toc8053911][bookmark: _Toc8124482][bookmark: _Toc8128639][bookmark: _Toc8053912][bookmark: _Toc8124483][bookmark: _Toc8128640][bookmark: _Toc8053913][bookmark: _Toc8124484][bookmark: _Toc8128641][bookmark: _Toc8053914][bookmark: _Toc8124485][bookmark: _Toc8128642][bookmark: _Toc8053915][bookmark: _Toc8124486][bookmark: _Toc8128643][bookmark: _Toc8053916][bookmark: _Toc8124487][bookmark: _Toc8128644][bookmark: _Toc8053917][bookmark: _Toc8124488][bookmark: _Toc8128645][bookmark: _Toc8053918][bookmark: _Toc8124489][bookmark: _Toc8128646][bookmark: _Toc8053919][bookmark: _Toc8124490][bookmark: _Toc8128647][bookmark: _Toc8053920][bookmark: _Toc8124491][bookmark: _Toc8128648][bookmark: _Toc8053921][bookmark: _Toc8124492][bookmark: _Toc8128649][bookmark: _Toc8053922][bookmark: _Toc8124493][bookmark: _Toc8128650][bookmark: _Toc8053923][bookmark: _Toc8124494][bookmark: _Toc8128651][bookmark: _Toc8053925][bookmark: _Toc8124496][bookmark: _Toc8128653][bookmark: _Toc8053926][bookmark: _Toc8124497][bookmark: _Toc8128654][bookmark: _Toc2273374][bookmark: _Toc2278798][bookmark: _Toc2273375][bookmark: _Toc2278799][bookmark: _Toc2273376][bookmark: _Toc2278800][bookmark: _Toc8053927][bookmark: _Toc8124498][bookmark: _Toc8128655][bookmark: _Toc8053928][bookmark: _Toc8124499][bookmark: _Toc8128656][bookmark: _Toc8053929][bookmark: _Toc8124500][bookmark: _Toc8128657][bookmark: _Toc8053930][bookmark: _Toc8124501][bookmark: _Toc8128658][bookmark: _Toc39056689][bookmark: _Ref2276040]REQUIREMENT TO PROVIDE PFR 

Unless exempted by AEMO, or the PFRP are varied, under section 7 (some standard variations may apply), Affected Generators must commence providing PFR every time they receive a dispatch instruction in the spot market of >0MW in respect of an Affected GS in accordance with its PFR Settings by the date required by AEMO under section 6.3 or 7.4.2, as applicable.  

As required by clause 4.4.2A(c) of the NER, there is no requirement for Affected Generators to maintain stored energy in their Affected GSs for the purpose of providing PFR.

[bookmark: _Ref29560108][bookmark: _Toc39056690]PRIMARY FREQUENCY RESPONSE PARAMETERS

[bookmark: _Toc39056691]General

The PFR Settings must be within the PFRP, which are set are set out in section 3. 

[bookmark: _Toc8053932][bookmark: _Toc29215297][bookmark: _Toc29372175][bookmark: _Toc29215298][bookmark: _Toc29372176][bookmark: _Toc29215299][bookmark: _Toc29372177][bookmark: _Toc8124504][bookmark: _Toc8128661][bookmark: _Ref8313171][bookmark: _Toc39056692]Maximum Allowable Deadband

Each Affected GS must provide PFR outside the Affected GS’ Deadband, which must be no wider than the is to be 

a) the widest of 

i. the PFCB, 

ii. the deadband proposed by the participant as a variation and agreed by AEMO to be acceptable whichever is the wider, OR

iii. the widest deadband agreed between AEMO  and a participant in the same jurisdiction,; OR

b) where an affected GS has plant with zero deadband and cannot alter it or wishes to maintain its existing control, an effective deadband of zero will be acceptable, .  

It is acknowledged that when responding to frequency changes as the change impacts on the rotational speed of a turbine, some mechanical governors slide the applied deadband from one stable speed condition to a new stable speed condition and that a overall system stable speed of 3000rpm is the subject of system controls and the impact of other PFR controllers either local or elsewhere in the NEM. Such controllers do not maintain speed to 3000rpm by the action of the controller alone.

[bookmark: _Toc29215301][bookmark: _Toc29372179][bookmark: _Toc29215302][bookmark: _Toc29372180][bookmark: _Toc8053934][bookmark: _Toc8124506][bookmark: _Toc8128663][bookmark: _Toc3964334][bookmark: _Toc2278805][bookmark: _Toc2278806][bookmark: _Toc2278807][bookmark: _Toc892854][bookmark: _Toc39056693]Droop

For all Affected GS, Droop must be set to less than or equal to 5%.  

The change in frequency is to be measured from the upper or lower limit (as applicable) of the Affected GS’ Deadband, as shown in Equation 1 when applied to steady energy dispatch conditions. (Note: Droop reactions are still expected when Units are ramping but the ramping impacts could may impact on the  measured outcome if precise dispatch points in time are not known to a required accuracy in value or in time-stamp)

[bookmark: _Ref536800673]Equation 1:

		





Where:

 is the frequency deviation beyond the limit of the Affected GS’ Deadband, in Hz. 

 is active power change, in MW.  

 is the Maximum Operating Level in MW.  

Droop may be asymmetrical for over- and under-frequency responses.  

[bookmark: _Toc892856][bookmark: _Toc39056694]Response Time

Unless limited by stability, inherent plant capability, mode of operation or other limitations as described in section 4.2, an Affected GS should be capable of achieving a 5% change in active power output, within no more than 10 seconds, resulting from a sufficiently large positive or negative step change in frequency greater than the Affected GS’ Deadband and less than or equal to 0.5 Hz. 

The response time is measured from when the frequency crosses the limit of the Affected GS’ Deadband until active power reaches a 5 % change based on PMAX. The sustained change in active power resulting from the frequency step, may be greater than 5%, in order to demonstrate this capability.  

For the avoidance of doubt, a more rapid change in output in response to a change in frequency is acceptable, and plant should not be deliberately slow or reduce its response to match this minimum requirement. 

An Affected GS’ control settings must ensure an adequately damped response to a change in frequency.

The change in an Affected GS’ active power output following a frequency deviation outside the Affected GS’ Deadband must commence with no delay beyond that inherent in the plant and plant controls. 

[bookmark: _Ref29814913][bookmark: _Toc39056695][bookmark: _Toc892857]Additional PERFORMANCE requirements

[bookmark: _Toc39056696][bookmark: _Ref29822914]Response Time

Unless limited by stability, inherent plant capability, mode of operation or other limitations as described in section 3, an Affected GS should be capable of achieving an equivalent 5% change in active power output, within no more than 10 seconds, resulting from a sufficiently large positive or negative step change in frequency greater than the Affected GS’ Deadband and less than or equal to 0.3 Hz. Consistency of performance to this requirement is not expected but the capability should exist.and is permitted to be demonstrated only in raise or lower conditions as considered appropriate by the participant.

The response time is measured from the last moment prior to a sufficiently large step change in frequency when the frequency crosses the limit of the Affected GS’ Deadband until active power reaches a 5 % change based on PMAX. The sustained change in active power resulting from the frequency step, may be greater than 5%, in order to demonstrate this capability.  

For the avoidance of doubt, a more rapid change in output in response to a change in frequency is acceptable, and plant should not be deliberately slow or reduce its response to match this minimum requirement. 

An Affected GS’ control settings must ensure a damped response to a change in frequency within the expectation of the Unit’s self-assessed and agreed PFRR capability. A damped response can be determined simply using halving time in observed oscillatory amplitudes being no greater than 5s, half the expected rise time for the response.

The change in an Affected GS’ active power output following a frequency deviation outside the Affected GS’ Deadband must commence with no delay beyond that inherent in the plant and plant controls. 

[bookmark: _Toc39056697]No Withdrawal of Response

Where it is safely and stably capable of doing so and considering plant load controllers or distributed control systems (DCS) and governor response, an Affected GS should continue to deliver PFR until frequency returns to be within the Affected GS’ Deadband. 

PFR should not be deliberately withdrawn or defeated by a plant load controller to return an Affected GS to a market dispatch target while frequency remains outside the Affected GS’ Deadband.  

It is acknowledged that when responding to frequency changes as the change impacts on the rotational speed of a turbine, some mechanical governors slide deadband from one stable speed condition to a new stable speed condition and that a overall system stable speed of 3000rpm equating to 50Hz is maintained by other PFR controllers, both local to the generator and elsewhere in the NEM. Such controllers do not maintain speed to 3000rpm by the action of the controller alone. For such controllers, the DCS element will be required to return the Unit to Dispatch setpoint after the frequency returns to the DCS controller’s deadband and such corrections do not constitute withdrawal of response.

Withdrawal resulting from automatic dispatch outcomes supplied by AEMOs AGC every five-minutes will not constitute withdrawl of response under this clause.



[bookmark: _Toc8124510][bookmark: _Toc8128667][bookmark: _Toc892858][bookmark: _Ref36026045][bookmark: _Toc39056698]Range of Response 

The magnitude of an Affected GS’ active power change that results from frequency deviating from 50 Hz must not be unnecessarily limited, however, it may be necessary to limit the Affected GS’ response to:

· maintain operation between the Affected GS’ Maximum Operating Level and Minimum Operating Level;

· avoid rough running ranges associated with the Affected GS;

· maintain the Affected GS’ operation within environmental operating licence conditions;

· maintain the defined droop response for the detected deviation of frequency (or speed)

· provide PFR exclusively in the region of the NOFB (commercially competitive FCAS services are required for the region outside the NOFB as managed by AEMO)

· manage safety or stability of the Affected GS;  or

· respond to primary energy availability, such as the availability of fuel or stored pressure for thermal generation, wind for wind generation, sunlight for solar generation, head level for hydro generation or number of coal mills in-service for coal generation.   

An Affected GS should not use load limiters or similar controls to limit or restrict the Affected GS’ response to a level below what could otherwise be safely and stably delivered, if that limiter were not in place.

[bookmark: _Toc39056699]Continuity of Response

[bookmark: _Toc8124512][bookmark: _Toc8128669][bookmark: _Toc8124513][bookmark: _Toc8128670][bookmark: _Toc8124514][bookmark: _Toc8128671][bookmark: _Toc3964340][bookmark: _Toc3964341][bookmark: _Toc3964342][bookmark: _Toc2273388][bookmark: _Toc2278816][bookmark: _Toc2273389][bookmark: _Toc2278817][bookmark: _Toc2273390][bookmark: _Toc2278818][bookmark: _Toc892861]PFR must remain continuously enabled at the PFR Settings, unless agreed with AEMO, independent of ancillary services enablement. 

It is acknowledged there will be operational reasons, including low load operations below registered minimum loads, and test conditions of a temporary nature where subparts of or the overall Affected GS PFR controller may need to be temporarily taken out of service and that some conditions will automatically remove the PFR from operation. Where possible, AEMO agreement to the temporary removal from service of PFR shall be sought and AEMO informed prior to withdrawal and following reinstatement. 

[bookmark: _Toc9939839][bookmark: _Toc39056700]INITIATION OF APPLICATION 



[bookmark: _Ref29741712][bookmark: _Toc39056701]Existing Affected Generators

By the date specified in Table 2, each Affected Generator must:

[bookmark: _Ref29741703]assess the ability of each of its Affected GS to meet the PFRP and submit to AEMO the results of that assessment in the form shown in Appendix A (Results);  

nominate using the form in Appendix A whether it wishes to alter the Affected GS’ Deadband to ±0.015Hz or the deadband agreed by variation to apply, in one step, or to ±0.05Hz or some other wider deadband and then to ±0.015Hzagreed deadband on another date, to be co-ordinated by AEMO;  and

if the Affected Generator wishes to apply for exemption from, or variation to, the application of the PFRP to an Affected GS, submit an application in the relevant form under section 7.

[bookmark: _Ref34052015]Due dates for Affected Generator self-assessments

		Nameplate Rating of Affected GS

		Self-Assessment Due[footnoteRef:2]  [2:  Measured from the commencement date of this document.] 




		>200 MW

		60 90 business days



		Between 200 MW and 80 MW

		120 150 business days 



		<80 MW

		180 210 business days





[bookmark: _Ref8314030]If a group of Affected Generators with a common parent company wish to submit the Results of each Affected GS together, they may do so, provided each Affected Generator is clearly identified and confirmation of the relationship between the specified Affected Generators is provided with the Results.

[bookmark: _Toc39056702]Connection Applicants



Prior to the commencement of commissioning, a Connection Applicant proposing to connect a generating system that will comprise scheduled generating units or semi-scheduled generating units (or any combination of the two) must either:

notify AEMO of the proposed PFR Settings for that generating system, which must be within the PFRP using the form in Appendix B;  or

seek an exemption from, or variation to, the application of the PFRP in accordance with section 7,

and submit to AEMO either the notice of the proposed PFR Settings, or application for exemption/variation, with its application for registration as a Generator. 

[bookmark: _Toc39056703]AEMO ASSESSMENT 

[bookmark: _Toc8053942][bookmark: _Toc8124517][bookmark: _Toc8128674][bookmark: _Toc8053943][bookmark: _Toc8124518][bookmark: _Toc8128675][bookmark: _Ref29822418][bookmark: _Ref34051593][bookmark: _Toc39056704]Insufficient Information



If AEMO considers that an Affected Generator has not provided enough information for AEMO to assess an Affected Generator’s ability to meet the PFRP, AEMO will forward a request to the Affected Generator specifying the further information required within 5 business days of receiving the Affected Generator’s Results.

The Affected Generator must provide the further information requested within 5 business days of receiving AEMO’s request unless reasonable grounds exist for an extension of time (see 6.2).

It is acknowledged that in the case of plants that pre-date the commencement of the NEM, OEM information may no longer be available and sufficient relevant OEM advice obtainable. In these circumstances, the age of the plant and a reasonably presented risk of damage due to any or all of the PFRR may be an appropriate reason for exemption or variations.

[bookmark: _Toc39056705]Extension of Time

In its absolute discretion, AEMO may grant the Affected Generator additional time to provide the Results, or further information requested under section 6.1, if AEMO is satisfied that an Affected Generator cannot reasonably provide the Results, or further information, within the required time.

[bookmark: _Ref29813977][bookmark: _Toc39056706]AEMO Response

AEMO will discuss each Affected Generator’s Results provided with the relevant Affected Generator and within 20 business days of receiving the relevant Results, or any further information requested under section 6.1, whichever is the later.

AEMO’s aim is to co-ordinate the commencement of the provision of PFR by blocks of Affected GS.  Consequently, upon receipt of all Affected Generator Results, AEMO will be seeking to organise the commencement of the provision of PFR by Affected GSs in blocks of sufficient size so as to minimise the impact on each Affected GS as much as possible.  

Hence, AEMO will be contacting as many Affected Generators as possible to co-ordinate the commencement dates of their provision of PFR but will be notifying each Affected Generator of the agreed PFR Settings and other information relevant to the commencement of the provision of PFR by each Affected GS owned by the Affected Generator separately.

AEMO will confirm with each Affected Generator the agreed PFR Settings and other relevant information for each Affected GS in the form set out in Appendix C.

Affected Generators whose plant meets PFRP

Once AEMO has confirmed the applicable PFRP with an Affected Generator, AEMO will respond to the Affected Generator using the form in Appendix B to confirm the following with respect to each Affected GS:

The Affected GS’ Deadband and whether it will be altered in one, or two steps, as contemplated by section 5.1.

The Affected GS’ Droop.

The date by which the Affected GS must commence providing PFR.

[bookmark: _Ref8227867]Affected Generators who need to adjust plant to meet PFRP

AEMO will liaise on the following matters with each Affected Generator who needs to adjust its plant to ensure its Affected GS can meet the PFRP:

· Control settings;

· The scope of works to be effected to meet one or more PFRP;

· The date by which completion of works to ensure the Affected GS can meet the PFRP must be completed;  and

· The date by which the Affected GS must be ready to commence providing PFR. 

Once AEMO is satisfied that each of these matters is agreed, AEMO will confirm those with the Affected Generator and may set conditions on the completion of each action until the Affected GS is ready to provide PFR in accordance with these PFRR.

If an Affected Generator is not likely to be ready to provide PFR in accordance with these PFRR as confirmed by AEMO, the Affected Generator must notify AEMO promptly and, if appropriate, seek an extension, with reasons and supporting information, which AEMO will consider and respond within 20 business days of receipt of the application for extension. 

[bookmark: _Toc29372192][bookmark: _Toc29372193][bookmark: _Toc8053949][bookmark: _Toc8124524][bookmark: _Toc8128681][bookmark: _Toc8053950][bookmark: _Toc8124525][bookmark: _Toc8128682][bookmark: _Toc8053951][bookmark: _Toc8124526][bookmark: _Toc8128683][bookmark: _Ref8313021][bookmark: _Ref8313061][bookmark: _Ref8313142][bookmark: _Ref29560203][bookmark: _Ref29748120][bookmark: _Ref29750046][bookmark: _Toc39056707]EXEMPTIONS AND VARIATIONS

[bookmark: _Ref29814621][bookmark: _Toc39056708]Principles

Clause 4.4.2B(a) of the NER specifies several principles that AEMO must have regard to when considering whether to approve an application for exemption from, or variation to, any of the PFRP.  These are considered briefly in the remainder of section 7.1, particularly as to how Affected Generators might need to demonstrate why an application for exemption or variation should be granted. 

Capability

If an Affected Generator’s application for exemption is on the basis that an Affected GS is inherently incapable of operating in frequency response mode, the Affected Generator must demonstrate this incapability no matter what changes are made to the Affected GS by providing AEMO with copies of relevant original equipment manufacturer (OEM) specifications or test results. 

It is acknowledged that in the case of plants that pre-date the commencement of the NEM, OEM information may no longer be available and sufficient relevant OEM advice obtainable. In these circumstances, the age of the plant and a reasonably presented risk of damage due to any or all of the PFRR may be an appropriate reason for exemption or variations.



Costs vs Market Turnover

If an Affected Generator’s application for exemption or variation is on the basis that the costs likely to be incurred in modifying and operating an Affected GS to be capable of operating in frequency response mode relative to the market revenue derived during its expected operating hours are prohibitive, the Affected Generator must provide supporting documentation evidencing the expected costs of modifying and operating the Affected GS. 

Stability

If an Affected Generator’s application for exemption or variation is on the basis that an Affected GS will operate unstably when operating in frequency response mode, the Affected Generator must provide evidence of test results or other technical information, including evidence from the OEM, to demonstrate the unstable operation.  

Whether this has the potential to impact power system security is a matter for AEMO.

Ongoing Costs 

If an Affected Generator’s application for exemption or variation is on the basis that the ongoing costs of operating an Affected GS in frequency response mode are expected to be excessive, the Affected Generator will need to provide evidence of the ongoing costs of operation, including supporting documentation.

Physical Characteristics

If an Affected Generator’s application for exemption or variation is based on other physical characteristics that affect the Affected GS’ ability to operate in frequency response mode, the Affected Generator will need to consider the type of evidence that will substantiate the claim.  For example:

· Dispatch inflexibilities – As this is a requirement that can vary from trading interval to trading interval, or be outside an Affected Generator’s control, the Affected Generator will need to provide evidence of the conditions under which inflexibility could affect an Affected GS’ ability to operate in frequency response mode.

· Energy constraints – As this is a requirement that can vary from trading interval to trading interval, or be outside an Affected Generator’s control, the Affected Generator will need to provide evidence of the conditions under which energy constraints could affect an Affected GS’ ability to operate in frequency response mode, which could include copies of fuel supply contracts, climactic conditions, or weather patterns.

· Licensing or other conditions of operation – If a regulatory licence to operate restricts the operation of an Affected GS to such an extent that it will not be able to operate in frequency response mode under certain conditions, the Affected Generator will need to provide AEMO with a copy of the relevant licence and other relevant information about its enforceability and evidence of when the conditions are likely to occur.

· Connection Agreement – If there are any restrictions in an Affected Generator’s connection agreement with its LNSP that impact the Affected Generator’s ability to provide PFR in accordance with these PFRR, the Affected Generator will need to provide AEMO with a copy of the relevant parts of the connection agreement and any other relevant information about its enforceability and evidence of when the restrictions are likely to apply. 

[bookmark: _Toc29215317][bookmark: _Toc29372196][bookmark: _Toc29215318][bookmark: _Toc29372197][bookmark: _Toc29215319][bookmark: _Toc29372198][bookmark: _Toc29215320][bookmark: _Toc29372199][bookmark: _Toc29215321][bookmark: _Toc29372200][bookmark: _Toc39056709]Application for Exemption

Where an Affected Generator seeks an exemption from the requirement to operate an Affected GS in accordance with these PFRR, it must submit an application for exemption to AEMO in the form in Appendix D detailing the Affected GS’ limitations with reasons and supporting evidence. 

[bookmark: _Toc39056710]Application for Variation

Where an Affected Generator seeks a variation from the requirement to operate an Affected GS in frequency response mode in accordance with one or more of the PFRP, it must submit an application for variation in the form in Appendix E to AEMO detailing the Affected GS’ limitations, with reasons and supporting evidence.

[bookmark: _Ref29821769][bookmark: _Toc39056711]Application Process

Insufficient Information

If AEMO considers that an Affected Generator has not provided enough information for AEMO to assess an Affected Generator’s application for exemption or variation, a request specifying the further information required will be forwarded to the Affected Generator within 10 business days of receiving the Affected Generator’s application for exemption.

The Affected Generator must provide the further information requested within 10 business days of receiving AEMO’s request but may be granted an extension of time in accordance where reasonably requested.

[bookmark: _Toc8124535][bookmark: _Toc8128692][bookmark: _Toc8124537][bookmark: _Toc8128694][bookmark: _Toc8124538][bookmark: _Toc8128695][bookmark: _Toc3964356][bookmark: _Ref29813991]AEMO Response to Application

AEMO will determine whether to grant an exemption or variation within 20 business days of receiving an Affected Generator’s application, or provision of any further information requested under section 7.4.2, whichever is the later in the form in Appendix F.  

If AEMO rejects an application for exemption, AEMO may grant the Affected Generator a variation from one or more of the PFRP, instead.

AEMO may grant an exemption or variation with, or without, conditions, as appropriate.

[bookmark: _Toc39056712]Standing Exemptions or Variations

1.1.1.1. Steam Stage of Combined Cycle Gas Turbines

The steam turbine component of a combined cycle gas generator does not need to be frequency responsive. 

1.1.1.2. Minimum Stable Load and other than coordinated Operating Modes

Many Units are necessarily dispatched on manual controls from the point of synchronisation up to self-commitment dispatch level and also can, due to plant protection responses, automatically revert to more manual controls to prevent Unit interruption. In such circumstances, affected GS claiming this variation will not be required to provide full PFRR.

1.1.1.3. Temporary Deactivation 

It is acknowledged there will be operational reasons, including low load operations below registered minimum loads, and test conditions of a temporary nature where subparts of or the overall Affected GS PFR controller may need to be temporarily taken out of service and that some conditions will automatically remove the PFR from operation. Where possible, AEMO agreement to the temporary removal from service of PFR shall be sought and AEMO informed prior to withdrawal and following reinstatement. Such times should be minimised, agreed in advance with AEMO where possible to do so, and in general, shall not exceed 12 hours in any one period or more than two weeks of application in successive days of maximum 12 hour circumstances. 

[bookmark: _Toc39056713]STABILITY TESTS

[bookmark: _Toc39056714]General

Any change to a control system or primary plant will require at a minimum a step response stability test as specified in section 8.2, or where a step test might not be possible or present a complete picture of the overall response from the Affected GS, an alternative test to demonstrate stability following changes to meet the PFRR.  

Where material changes are only made to DCS, or to governor or plant load controller deadbands, modelling and testing beyond that described in section 8.2 will not be required by AEMO until expiry of the testing cycle detailed in an Affected GS’ compliance program under clause 4.15(b) of the NER. 

Material changes beyond DCS, or governor or plant load controller deadbands will require the Affected Generator to test its Affected GS at the time when these changes are made, in accordance with the requirements of the GPS Compliance Assessment and R2 Model Validation Test Plan Templates[footnoteRef:3]. [3:    GPS Compliance Assessment And R2 Model Validation Test Plan Template For Conventional Synchronous Machines. AEMO, May 2016. Available at: https://www.aemo.com.au/-/media/Files/Electricity/NEM/Network_Connections/Transmission-and-Distribution/Generating-System-Test-Plan-Template-for-Conventional-Synchronous-Machines.pdf and GPS Compliance Assessment And R2 Model Validation Test Plan Template For Power Electronic Interfaced Nonsynchronous Generation Technologies. AEMO, September 2016. Available at: https://www.aemo.com.au/-/media/Files/Electricity/NEM/Network_Connections/Transmission-and-Distribution/Generating-System-Test-Template-for-Non-Synchronous-Generation.pdf] 


[bookmark: _Toc39056715][bookmark: _Ref8228180]Demonstration of Stability

Once an Affected GS meets the PFRP, its stability must be demonstrated.  AEMO prefers that Affected Generators conduct the frequency step response stability test described in section 8.2.1 but if an Affected Generator cannot inject frequency to carry out that test, for example, where it uses a mechanical governor or where the injection to a sub-part of the overall control will not present a picture of the full response, it can submit the results of its Affected GS’ performance following a suitable power system disturbance in accordance with section 8.2.2.

[bookmark: _Ref20993595]Step Response Stability Test 

A test plan for a step response stability test must be submitted to AEMO a minimum of 10 business days prior to the proposed date for testing unless shorter periods are accepted by AEMO to be appropriate as may occur on a case by case basis.

A positive frequency step signal equivalent to create 5%, or greater, change in active power must be injected into the frequency controller summing junction.  The response is to be recorded allowing at least 10 seconds pre-triggered recording and at least 60 seconds recording time after the response has settled at its steady-state value.

The tester must assess whether the recorded response is adequately damped, and if so, repeat the test with a negative frequency step signal of the same size. 

The test is to be undertaken from a loading that will allow a full positive and negative 5% active power change to be achieved but it is acknowledgedthat response time confirmations need only utilise one of these and that positive responses produced from systems with no stored energy headroom may require long test periods.

The active power, reactive power and RMS voltage must be recorded during the test.  Values are to be provided to AEMO at a sample rate of no less than one sample per cyclethe recording system that can access the required signals available to the participant, unless agreed by AEMO.  Where practicable, the injected frequency signal is to be recorded while synchronised with the other measurements. Note that this might include recorders of the Affected GS’s TNSP.

[bookmark: _Ref20993600]Actual Response to Power System Disturbance

Where an Affected Generator cannot carry out the test described in section 8.2.1 and the Affected GS is operating in accordance the PFRP, the Affected Generator may submit records of the Affected GS’ performance following one or more power system disturbances to demonstrate stability.

The records required include frequency, active power, reactive power and RMS voltage.  Values are to be provided to AEMO at a sample rate of no less than the fastest recording system that can access the required signals available to the participantone sample per cycle, unless agreed by AEMO that a different rate is acceptable.  Note that this might include recorders of the Affected GS’s TNSP.

[bookmark: _Toc39056716]COMPLIANCE 

[bookmark: _Toc39056717][bookmark: _Hlk36023632]Ability to Operate in Frequency Response Mode and Sustain PFR

An Affected GS will not be in breach of the requirement in section 4.1 to not withdraw its response where the Affected GS could not sustain PFR for one or more of the following reasons:

· Primary energy availability, such as the availability of fuel or stored pressure for thermal generation, wind for wind generation, sunlight for solar generation, head level for hydro generation or number of coal mills in-service for coal generation.

· Physical limits related to plant capability or safety, such as operating temperature limits, rough running zones, or pressure limits. 

· Environmental limits.

· Frequency stabilises at a value outside the NOFB and the individual Unit depends on AEMO AGC and NEMDE decisions and a dispatch target control loop for delivering the required PFR

[bookmark: _Toc39056718]Changes to PFR Settings



An Affected Generator must not adjust the PFR Settings of an Affected GS in a manner that would no longer meet one or more PFRP or the terms of any previously approved variation for an Affected GS, unless the Affected Generator has applied for a variation and obtained the approval of AEMO to do so.  The Affected Generator must apply to AEMO using the form in Appendix E and follow the process for a variation, as detailed in section 7.4.

AEMO will respond to the application in the form in Appendix F within the time specified in section 7.4.2. 

Temproary removal for operational or testing purposes is covered in section 4.34 and 7.5.1.3.

[bookmark: _Toc2273405][bookmark: _Toc2278833][bookmark: _Toc2273406][bookmark: _Toc2278834][bookmark: _Toc2273407][bookmark: _Toc2278835][bookmark: _Toc2273409][bookmark: _Toc2278837][bookmark: _Toc2273410][bookmark: _Toc2278838][bookmark: _Toc2273411][bookmark: _Toc2278839][bookmark: _Toc2273412][bookmark: _Toc2278840][bookmark: _Toc2273413][bookmark: _Toc2278841][bookmark: _Toc2273414][bookmark: _Toc2278842][bookmark: _Toc2273415][bookmark: _Toc2278843][bookmark: _Toc2273416][bookmark: _Toc2278844][bookmark: _Toc2273417][bookmark: _Toc2278845][bookmark: _Toc2273418][bookmark: _Toc2278846][bookmark: _Toc2273419][bookmark: _Toc2278847][bookmark: _Toc39056719]Publication of Primary Frequency Response outcomes



AEMO will publish and maintain on its website a list of Affected GSs and an indication of whether each Affected GS is: 

required to maintain its PFR Settings;

exempt from the requirements of this PFRR;  or 

subject to a variation of one or more PFRP, and if so, which parameters are varied. If the parameter varied is deadband, the actual varied minimum deadband will be listed. 



[bookmark: _Ref34051688][bookmark: _Toc39056720]PRIMARY FREQUENCY RESPONSE REQUIREMENTS 		results of self-assessment



Section 1:  Applicant

		Applicant

		



		ABN

		





Where the Applicant represents a number of related parties who are Affected Generators, a document showing the relationships between the Applicant and those Affected Generators should also be provided.

Section 2:  Generating System & Local Network Service Provider (LNSP)[footnoteRef:4] [4:  Cut and paste for each Affected GS.] 


		Name

		



		DUID

		



		Connection Point

		



		Registered Capacity 

		



		Technology

		



		LNSP

		







Section 3:  Results of Self-Assessment

The following are the results of the Applicant’s self-assessment of the Generating System’s ability to meet each PFRP (attach supporting information, if required, or relevant[footnoteRef:5]):  [5:  For example, control block diagrams and simulated, or physical, test reports, past commissioning test results relevant to PFR, any OEM governor block diagrams along with tuned data, any document describing how the GS is operated to provide FCAS.] 


		Deadband

		



		Droop

		





		Response Time

		







Section 4:  Nomination of Changes to deadband

For each Affected GS, nominated below are how the Applicant wishes to effect changes to the Affected GS’ deadband:

		

		DUID

		

		

		

		

		



		One change to ±0.015Hz 

		

		

		

		

		

		



		Two changes:

1. ±0.05Hz by [insert date]; then 

2. ±0.015Hz by [insert date]

		

		

		

		

		

		







Section 5:  Adjustments required – If required[footnoteRef:6], for each Affected GS, indicate the adjustments needed to be made to plant to ensure the Affected GS can meet each PRFP.  Attach supporting information, if required, or relevant. [6:  Copy and paste table for each Affected GS.] 


		DUID



		Deadband

		



		Droop

		





		Response Time

		



(provide evidence of inherent delays in plant response or any physical, environmental, temperature or other limits that could impact response time, include its range and continuity – see additional performance requirements referred to in section 4.)







Section 6:  Applicant Contacts for Queries[footnoteRef:7] [7:  Copy and paste table to insert more names if more than one contact.  ] 


		Name

		



		Title

		



		Phone

		



		Email

		







Section 6:  Certification and Signature

		I,   ________________________________________________________________________________________ (insert name)

____________________________________________________________________________________________(insert title)

DECLARE that I am authorised by the Applicant to submit this Self-Assessment on the Applicant’s behalf and CERTIFY that the contents of this Self-Assessment and any attachments are true and correct.

		



Signature

		

………./………./20……..

Date















This form should be submitted to:  PFR@aemo.com.au



Enquiries about this form should be submitted to:  PFR@aemo.com.au



[bookmark: _Toc39056721][bookmark: _Ref34051700][bookmark: _Ref34052886]PRIMARY FREQUENCY RESPONSE REQUIREMENTS PROPOSED PFR SETTINGS





Section 1:  Connection Applicant

		Applicant

		



		ABN

		









Section 2:  Proposed Generating System & Local Network Service Provider (LNSP)

		Name

		



		DUID

		



		Connection Point

		



		Proposed Capacity 

		



		Technology

		



		LNSP

		









Section 3:  Proposed PFR Settings

		Deadband

		



		Droop

		





		Response Time

		









Section 5:  Connection Applicant Contacts for Queries[footnoteRef:8] [8:  Copy and paste table to insert more names if more than one contact.  ] 


		Name

		



		Title

		



		Phone

		



		Email

		










Section 6:  Certification and Signature

		I,   ________________________________________________________________________________________ (insert name)

____________________________________________________________________________________________(insert title)

DECLARE that I am authorised by the Applicant to submit this Self-Assessment on the Applicant’s behalf and CERTIFY that the contents of this Self-Assessment and any attachments are true and correct.

		



Signature

		

………./………./20……..

Date



















This form should be submitted to:  PFR@aemo.com.au



Enquiries about this form should be submitted to:  PFR@aemo.com.au





[bookmark: _Ref34211874][bookmark: _Toc39056722]PRIMARY FREQUENCY RESPONSE REQUIREMENTS AEMO response to affected generator 





[on AEMO letterhead]



[Name and address of Affected Generator]



Dear [insert as appropriate],

Interim Primary Frequency Response Requirements – Notice of PFR Settings

Further to your recent self-assessment/application for variation/application to change PFR Settings [delete whichever is inapplicable], AEMO has assessed the information provided by you and confirms that the PFR Settings[footnoteRef:9] for each Affected GS you own/operate and the date from which provision of PFR must commence is as detailed in Attachment 1. [9:  Capitalised terms are defined in the Interim Primary Frequency Response Requirements (IPFRR).] 


Please ensure you understand the performance requirements as they apply to each Affected GS, as specified in the PFRR and note your obligations to advise AEMO of any non-compliance.

Should you wish to vary any of these PFR Settings, please refer to the PFRR for the application process.

Any queries should be addressed to [insert particulars].



Yours sincerely,









Interim Primary Frequency Response Requirements[image: Header]

[insert name and title]

		Doc Ref: XX-XXXX

		dd month yyyy

		Page 8 of 8







Attachment 1 - PFR Settings 

		Generating System DUID

		Commencement Date

		Deadband

		Droop

		Response Time

		Conditions[footnoteRef:10] [10:  You may insert attachments if lengthy.] 




		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		







[bookmark: _Ref34051715][bookmark: _Ref34051726][bookmark: _Toc39056723]PRIMARY FREQUENCY RESPONSE REQUIREMENTS 	APPLICATION FOR EXEMPTION 



Section 1:  Applicant

		Applicant

		



		ABN

		







Section 2:  Generating System & Local Network Service Provider (LNSP)

		Name

		



		DUID

		



		Connection Point

		



		LNSP

		







The Applicant seeks exemption from the requirement to operating the Generating System in accordance with all PFRP on the following grounds: 

Section 3:  Grounds for Exemption:

		Provide details of basis for exemption and attach any relevant evidence.  See section 7.1 for details.







Section 4:  Supporting Information

Attach supporting information.  See section 7.1 for details of the type of information to be provided.



Section 5:  Applicant Contacts for Queries[footnoteRef:11] [11:  Copy and paste table to insert more names if more than one contact.  ] 


		Name

		



		Title

		



		Phone

		



		Email

		










Section 6:  Certification and Signature

		I,   ________________________________________________________________________________________ (insert name)

____________________________________________________________________________________________(insert title)

DECLARE that I am authorised by the Applicant to submit this Application on the Applicant’s behalf and CERTIFY that the contents of this Application and any attachments are true and correct.

		



Signature

		

………./………./20……

Date















This form should be submitted to PFRR@aemo.com.au



Enquiries about this form should be submitted to PFRR@aemo.com.au




[bookmark: _Ref34051770][bookmark: _Ref34211909][bookmark: _Toc39056724]PRIMARY FREQUENCY RESPONSE REQUIREMENTS 	APPLICATION FOR variation 



Section 1:  Applicant

		Applicant

		



		ABN

		







Section 2:  Generating System & Local Network Service Provider (LNSP)

		Name

		



		DUID

		



		Connection Point

		



		LNSP

		







The Applicant seeks a variation from some of the PFRP. 

Section 3:  Variations Requested

For each item, indicate the changes need to meet the relevant PFRP.  

		Deadband

		



		Droop

		





		Speed of Response

		



		Range of Response 

		



		Continuity of Response

		







Section 4:  Supporting Information

Attach supporting information for each variation requested.  See section 7.1 for details of the type of information to be provided.



Section 5:  Applicant Contacts for Queries[footnoteRef:12] [12:  Copy and paste table to insert more names if more than one contact.  ] 


		Name

		



		Title

		



		Phone

		



		Email

		











Section 6:  Certification and Signature

		I,   ________________________________________________________________________________________ (insert name)

____________________________________________________________________________________________(insert title)

DECLARE that I am authorised by the Applicant to submit this Application on the Applicant’s behalf and CERTIFY that the contents of this Application and any attachments are true and correct.

		



Signature

		

………./………./20……

Date















This form should be submitted to PFRR@aemo.com.au



Enquiries about this form should be submitted to PFRR@aemo.com.au




[bookmark: _Ref34051757][bookmark: _Ref34051777][bookmark: _Toc39056725]PRIMARY FREQUENCY RESPONSE REQUIREMENTS 	               AEMO RESPONSE TO APPLICATION FOR EXEMPTION/VARIATION 



[on AEMO letterhead]



[Name and address of Affected Generator]



Dear [insert as appropriate],

Interim Primary Frequency Response Requirements – Exemption/Variation [delete whichever is inapplicable] of [insert name of Affected GS] 

Further to your recent application for exemption/variation [delete as applicable] of [insert name of Affected GS] from the requirements of the Interim Primary Frequency Response Requirements (IPFRR) [footnoteRef:13], AEMO has assessed the information provided by you and had decided to grant/not grant [delete as applicable] your application for exemption/variation [delete as applicable] on the following grounds/conditions [delete as applicable]: [13:  Capitalised terms are defined in the IPFRR.] 


· [insert grounds/conditions – adjust as necessary if no conditions]

[If granting variation to requirements, confirm PFR Settings as follows]

Therefore, the PFR Settings for [insert name of Affected GS] are as follows:

		Deadband

		



		Droop

		Under-Frequency Response

		



		

		Over-Frequency Response

		



		Response Time

		





[Next two paragraphs not needed for exemptions]

Please ensure you understand the performance requirements as they apply to each Affected GS, as specified in the PFRR and note your obligations to advise AEMO of any non-compliance.

Should you wish to vary any of these PFR Settings, please refer to the PFRR for the application process.

Any queries should be addressed to [insert particulars]. 



Yours sincerely,



[insert name and title]




[bookmark: _Toc39056726]EXAMPLE TIMELINE OF PROCESS

The following table is an example only and not representative of what is permitted to happen.

		Process Step

		Possible Period

		Total elapsed period



		Participant Self- Assessment

		60 business days

		60 business days



		AEMO request for more information 

		5 business days

		65 business days



		Participant supply of more information - Extension of time request

		5 business days

		70 business days



		AEMO grants extension of time 15 business days

		(not specified; assumed)

5 business days

		75 business days



		Participant supplies extra information and PFR variation form

		15 business days

		90 business days



		AEMO PFRR Variation consideration – Further information needed

		10 business days

		100 business days



		Participant supply of more information for the variation - Extension of time request

		10 business days

		110 business days



		AEMO grants variation information extension of time 15 business days

		(not specified; assumed)

5 business days

		115 business days



		Participant Variation – Further information supplied

		15 business days

		130 business days



		Implementation wait time (to suit AEMO NEM-coordinated implementation)

		(not specified)

20 business days

		150 business days



		Implementation to 50mHz - Tested

		(not specified; assumed but dependent on actual event)

5 business days

		155 business days



		Implementation to final Deadband wait time (to suit AEMO NEM-coordinated implementation) 

		(not specified)

60 business days

		215 business days



		Implementation to final adopted deadband - Tested

		(not specified; assumed but dependent on actual event)

5 business days

		220 business days
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Attachment 3 – Deadbands and response times of a complex governing system 
 
The governor system of Vales Pt Power Station Units is complex coordination of several controllers 
including controllers that direct AEMO dispatch, control boiler pressure, set turbine conditions, react to 
frequency and deliver a dispatch target, with any required frequency correction included,  to a turbine 
mechanical device to set the loading of the turbine that in itself has its own mechanical-hydraulic frequency 
correction system. 
 
Delta Electricity does not expect the complex system to conform well to strict application of the response 
time obligation included in the AEMO draft PFRR nor do we expect that the various systems will coordinate 
precisely to an overall deadband of +-15mHz if all subsystems are individually adjusted to an equivalent of 
the PFCB. 
 
The response time specification is seeking a 5% PMAX response. On a 660MW Unit, 5% is 33MW. By 
virtue of droop settings on a 660MW Unit, a 5% permitted droop means that a 2.5Hz speed change will 
produce a 660MW response, a 0.25Hz speed change a 66MW response and a 0.125Hz speed change a 
33MW response. A 4% droop (a standard design setting for mechanical governors), should produce 33MW 
for a 0.1 Hz change. For 33MW to be expected in 10 seconds, the equivalent rate is 3.3MW/s. 
 
The Turbine mechanical-hydraulic governor has a 4% droop. A 6rpm speed change will produce throttle 
valve movement to add an equivalent of 33MW to the turbine, assuming nominal steam conditions 
exist. The actual changes produced by the mechanical-hydraulic governor reaction to a change in 
rotational speed depend on whether steam conditions on the HP stop valve side of the throttle valves are at 
design-nominal for the dispatched load. 
 
The deadband of the mechanical governor is centred around the current speed position of the turbine which 
if system frequency control is being tightly controlled will be close to 3000rpm but not necessarily equal to 
it. The mechanical governing correction does not correct turbine speed to an absolute speed of 3000rpm. 
The speed detection equipment responds to sudden changes in speed from a current steady state, which 
may not be 3000rpm, and arrives at a new steady state which also may not be 3000rpm. Other systems 
both locally, such as the DCS FCAS controller, and remotely such as other machine responses and 
AEMOs AGC Regulation and Contingency FCAS responses are relied upon to maintain the overall system 
at 50Hz, the equivalent of turbine speed of 3000rpm. The feedback that the droop of the mechanical-
hydraulic governor relies on is also not necessarily electrical megawatts. It is turbine throttle valve 
positional movement. When the required throttle valve movement for the detected speed change takes 
place, mechanical feedback ceases the hydraulic power moving the throttle valves. At nominal steam 
temperature and pressure conditions and those expected in a newly commissioned boiler and turbine with 
the specific energy of the fuel specifically matching design expectations, the hydraulically driven throttle 
valve movement at the particular load point delivered by the mechanically detected change in turbine 
rotational speed, will deliver a MW response equating to the 4% droop ratio. In a boiler and turbine after 
thirty plus years of life and in a market with fuel costs affected by international demand for the product, the 
nominal conditions are not to be expected especially for the “fast-acting” PFR.  
 
The overall change in unit set point delivered by the DCS to the turbine is proportional to the change in 
frequency as detected by an electrical frequency transducer measuring electrical output of the Generator. 
As system frequency reacts to an event it is in part dependent on responses from all other NEM units.  
 
System frequency is also electrically detected and used in power system stabilisation (PSS) and Automatic 
Voltage Regulator (AVR) reactions. The complex relationship between system frequency and the resultant 
Stator voltage determined by AVR and PSS reactions and reactions to all other nearby machines does not 
necessarily get presented to the turbine’s rotational speed result due to inertial effects. The system 
frequency as measured by the Unit DCS, AVR and PSS will not necessarily be directly comparable to an 
equivalent derived frequency determined from the turbine rotational speed (turbine speed in rpm/60) at any 
given point in time. The differences promote caution in making assumptions that separate governing 
mechanisms will react in coordination with each other when individually assigned a deadband 
representative of PFCB. 
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Recently, in cooperation with AEMO, tighter deadbands were selected on the Vales Point Unit 5 FCAS 
controller element in the Unit 5 DCS to explore the capability and stability of Unit 5 to deadband 
adjustments made on-line. 
 
Below please find an assessment of speed of response to several large frequency events that occurred 
with reference to clause 3.4 of the draft PFRR. 
 
 
Date/Time Event Cause Frequency 


at time 
Frequency 
extreme 


FCAS 
Deadband 


MW rise VP5 
Response 
time  


12/2/2020 
4:58:02 PM 


Bayswater 2 
tripped 628MW 


50.015 49.664 +-100mHz   


12/2/2020 
10:59:22 PM 


Tarong Nth 
tripped 441MW 


50.059 49.760 +-100mHz   


14/2/2020 
08:25:17 AM 


Wivenhoe Pmp2 
Loaded 234MW 


49.935 49.794 +-100mHz   


10/3/2020 
04:17:52 AM 


Callide 4 
Tripped 328MW 


50.071 49.780 +-80mHz   


11/3/2020 
08:06:03 AM 


Liddell 1 
Tripped 415MW 


50.004 49.759 +-60mHz   


12/3/2020 
2:39:03 PM 


Yallourn 1 
Tripped 342MW 


50.091 49.81 +-50mHz   


 


On the basis of the results above, flexibility in acceptable response time performance is recommended as 
AEMOs considers the compliance of existing aged systems responding to real events against the reactions 
of other controllers. Performance tightly conforming to tight specifications should not be expected. 
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ATTACHMENT 4 – Trends of NEM Frequency Event Counts outside NOFB – Jan 2012 to Apr 2020 
 


 





