
 

© AEMO 2021 | Frequency and Time Error Monitoring ð Quarter 4 2020 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Frequency and Time Error 
Monitoring ð Quarter 4 2020

 

 

February 2021 

 A report for the National Electricity Market 

 



 

© AEMO 2021 | Frequency and Time Error Monitoring ð Quarter 4 2020 2 

 

Important notice  

 

PURPOSE 

The purpose of this report is to provide information about the frequency and time error performance in the 

National Electricity Market (mainland and Tasmania) for the period October to December 2020 inclusive. 

AEMO has prepared this report in accordance with clause 4.8.16(b) of the National Electricity Rules, using 

information available as at the date of publication, unless otherwise specified. 

DISCLAIMER 

This document or the information in it may be subsequently updated or amended. This document does not 

constitute legal or business advice and should not be relied on as a substitute for obtaining detailed advice 

about the National Electricity Law, the National Electricity Rules, or any other applicable laws, procedures or 

policies. AEMO has made every reasonable effort to ensure the quality of the information in this document 

but cannot guarantee its accuracy or completeness.  

Accordingly, to the maximum extent permitted by law, AEMO and its officers, employees and consultants 

involved in the preparation of this document: 

¶ make no representation or warranty, express or implied, as to the currency, accuracy, reliability or 

completeness of the information in this document; and 

¶ are not liable (whether by reason of negligence or otherwise) for any statements or representations in this 

document, or any omissions from it, or for any use or reliance on the information in it. 

 

 

 

 

 

 

 

 

  



 

© AEMO 2021 | Frequency and Time Error Monitoring ð Quarter 4 2020 3 

 

Contents  
1. Introduction  5 

2. State of frequency performance  6 

3. Achievement of the Frequency Operating Standard  7 

4. Frequency performance  9 

4.1 Time error 9 

4.2 Operation during periods without contingencies or load events 10 

4.3 Operation during generation or load contingency events 15 

4.4 Operation during separation contingency events 17 

4.5 Operation during network, protected, non-credible, or multiple contingency events 17 

4.6 Reviewable operating incidents 21 

5. Rate of change of frequency  22 

5.1 ROCOF methodology 22 

5.2 ROCOF during frequency events 22 

6. Automatic Generation Control  24 

6.1 Area Control Error (ACE) methodology 24 

6.2 ACE reporting 24 

7. Actions to improve frequency control performance  26 

7.1 Measure 1 ð distribution of frequency within NOFB 26 

7.2 Measures 2 and 3 ð number of frequency crossings and NOFB excursions 27 

7.3 Measure 4 ð frequency òmileageó 28 

7.4 Progress on primary frequency response initiative 29 

7.5 Other recent and upcoming actions 30 

Appendix A  32 

Tables 
Table 1 Frequency Operating Standard and assessment in the mainland and Tasmania 7 

Table 2 Maximum and minimum time error measurements for mainland and Tasmania 9 

Table 3 FOS requirements for no contingency or load event in an interconnected system 10 

Table 4 Number of frequency excursions without identified contingency outside the Normal 

Operating Frequency Excursion Band 11 

Table 5 FOS requirements for a generation or load event in an interconnected system 15 

Table 6 ROCOF during frequency events in the mainland 22 



 

© AEMO 2021 | Frequency and Time Error Monitoring ð Quarter 4 2020 4 

 

Table 7 Example frequency mileage calculation for a series of 4-second intervals 28 

Table 8 Credible generation events in 2020 32 

Table 9 Credible load events in 2020 32 

Table 10 Credible generation and load events in Q4 2020 33 

 

Figures 
Figure 1 Frequency in NOFB since 2013, minimum daily time percentage in prior 30-day window 6 

Figure 2 FOS exceedances in the mainland and Tasmania 8 

Figure 3 Proportion of time mainland time error was outside of ±1.5 seconds 9 

Figure 4 Mainland time error distribution 10 

Figure 5 Frequency excursions without identified contingency outside the NOFB and not recovered 

in the FOS timeframe in the mainland and Tasmania 12 

Figure 6 Frequency in NOFB since 2013, minimum daily time percentage in prior 30-day window 13 

Figure 7 Frequency in NOFB since Oct-19, minimum daily time percentage in prior 30-day window 13 

Figure 8 Mainland frequency distribution 14 

Figure 9 Tasmania frequency distribution 14 

Figure 10 Mainland frequency time percentage spent within selected bands within the NOFB 15 

Figure 11 Tasmanian system during 9 October 2020 event 16 

Figure 12 NEM generation and mainland frequency on 18 December 2020 during two generation 

events 17 

Figure 13 Tasmanian frequency during extended Basslink outage 14-16 October 2020 18 

Figure 14 Tasmanian frequency before and after Basslink trip 19 

Figure 15 Frequency during trip of Basslink 29 November 2020 ð initial period 19 

Figure 16 Frequency during Basslink outage 29 November 2020 ð full period 20 

Figure 17 Frequency and Victorian wind farm generators during trip of Ballarat ð Waubra ð Ararat 

220 kV line on 4 December 2020 20 

Figure 18 Monthly maximum ROCOF recorded in 2020 in the mainland 23 

Figure 19 Minimum and maximum ACE per half-hour in mainland 25 

Figure 20 Minimum and maximum ACE per half-hour in Tasmania 25 

Figure 21 Monthly frequency distribution 26 

Figure 22 Monthly frequency crossings ð under 49.85 Hz, across 50 Hz, beyond 50.15 Hz 27 

Figure 23 Monthly frequency crossings for recent 12 months 27 

Figure 24 Monthly frequency mileage 28 

Figure 25 Monthly frequency mileage for recent 12 months 29 

Figure 26 Frequency outcomes of identified credible generation and load events 35 



 

© AEMO 2021 | Frequency and Time Error Monitoring ð Quarter 4 2020 5 

 

1. Introduction  

The Reliability Panelõs Frequency Operating Standard (FOS)1 specifies limits for power system frequency and 

time error for the mainland and Tasmanian regions of the National Electricity Market (NEM). AEMO must use 

its reasonable endeavours to control power system frequency and ensure that the FOS is achieved as 

required by clause 4.4.1 of the National Electricity Rules (NER).  

This document reports on the frequency and time error performance observed during October, November 

and December 2020 (Q4 2020) in all regions of the NEM as required by clause 4.8.16(b) of the NER2. The 

Queensland, New South Wales, Victoria and South Australia regions are referred to as the ômainlandõ 

throughout the report.  

The Power System Frequency and Time Deviation Monitoring Report ð Reference Guide3 outlines the 

calculation procedure used by AEMO to produce the quarterly Frequency and Time Error Monitoring report. 

Where applicable, analysis of the delivery of slow and delayed frequency control ancillary services (FCAS) 

presented in this report is based on 4-second resolution SCADA information derived from AEMOõs systems.  

Unless otherwise noted, mainland frequency data has been sampled in New South Wales at 4-second 

intervals using the most recent Global Positioning System (GPS) clock frequency measurement preceding 

each 4-second interval. All Tasmanian frequency data has been sampled at 4-second intervals using the most 

recent Network Operations and Control System (NOCS) frequency measurement preceding each 4-second 

interval. 

In this report: 

¶ Section 2 summarises frequency performance in Q4 2020. 

¶ Section 3 summarises the lower number of FOS exceedances in Q4 compared to earlier quarters of 2020, 

demonstrating the material improvement in power system performance.  

¶ Section 4 discusses in detail all instances where the requirements of the FOS were not met in Q4 2020. 

¶ Section 5 displays the latest estimates of significant rate of change of frequency (ROCOF) events for 

Q4 2020.  

¶ Section 6 discusses adjustments to Automatic Generation Control (AGC) undertaken during Q4 to better 

align with the changed system frequency behaviour, and the results of these actions. 

AEMO, with support from the industry, is continuing to progress other initiatives intended to improve 

frequency control in the NEM. Progress on these initiatives is discussed in Section 7 of this report. 

Appendix A lists credible generation and load contingency events from Q4 2020. The inclusion of this list is 

intended to highlight the NEMõs aggregate frequency response capability, and to affirm that frequency 

control during major disturbances continues to be generally satisfactory, notwithstanding any exceptions 

identified in this report. 

 

1  See https://www.aemc.gov.au/australias-energy-market/market-legislation/electricity-guidelines-and-standards/frequency-0.  

2  See https://www.aemc.gov.au/regulation/energy-rules/national-electricity-rules/current. 

3 At http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Frequency-and-time-error-monitoring. 

https://www.aemc.gov.au/australias-energy-market/market-legislation/electricity-guidelines-and-standards/frequency-0
https://www.aemc.gov.au/regulation/energy-rules/national-electricity-rules/current
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Frequency-and-time-error-monitoring
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2. State of frequency 
performa nce  

The implementation of primary frequency response (PFR) settings on a substantial portion of the NEM 

generation fleet began in earnest in late September 2020. As of 1 January 2021, approximately 28.8 gigawatts 

(GW) of scheduled generation have applied agreed settings in accordance with the Interim Primary Frequency 

Response Requirements (IPFRR). Updates regarding the rule change are available on AEMOõs website4.  

Significant improvements in NEM frequency performance metrics have been observed over Q4 2020, which 

may be largely attributed to the industryõs considerable collective effort to impl ement the Mandatory PFR 

rule5. AEMO considers this to be a very positive and welcome change in power system management. 

Ongoing evaluation of the implications of these observations will continue to be undertaken and reported.  

In Q4 2020, there were fewer exceedances of the FOS, and indeed none in the mainland. Notably improved 

metrics include: 

¶ Increased time frequency remained in the Normal Operating Frequency Band (NOFB) ð see Figure 1. 

¶ Fewer occasions of frequency departing the NOFB, and not recovering within the required timeframe, 

without an identifiable cause. 

¶ Tighter frequency nadirs and shorter recovery times following generation and load events. 

¶ No instances of time error accumulating beyond ±15 seconds. 

¶ Improved system performance observed by time error correction through AGC tuning, resulting in a 

rebalance of lower and raise regulation utilisation. 

Figure 1  Frequency  in NOFB since 2013 , minimum daily time percentage in prior  30-day window  

 

 

4 See https://aemo.com.au/en/initiatives/major-programs/primary-frequency-response. 

5 NER clause 4.4.2A, introduced by the National Electricity Amendment (Mandatory primary frequency response) Rule 2020 No. 5.  

https://aemo.com.au/en/initiatives/major-programs/primary-frequency-response
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3. Achievement of  the 
Frequency Operating 
Standard  

AEMOõs assessment of the achievement of the requirements of the FOS in Q4 2020 is summarised in Table 1. 

Table 1  Frequency Operating Standard and assessment  in the mainland  and Tasmania  

Requirement  Mainland  Tasmania  Further commentary  

1 ð Accumulated time error  Achieved Achieved  

2 ð No contingency/load 

events  

¶ Within Normal Operating 

Frequency Excursion 

Band (NOFEB) at all 

times  

¶ Recovered within five  

min utes 

¶ Within NOFB 99% of the 

time  

 

 

Achieved 

 

Achieved 

Achieved 

 

 

Exceeded 38 times 

 

Achieved 

Not achieved 

 

 

See Section 4.2.1 

 

 

See Section 4.2.3 regarding 

Oct 2020 

3 ð Generation or load 

events  

¶ Contained  

¶ Recovered  with in five  

minutes  

 

 

Achieved 

Achieved 

 

 

Achieved 

Achieved 

 

 

4 ð Network events  

¶ Contained  

¶ Recovered  with in five 

minutes  

 

Achieved 

Achieved 

 

Achieved 

Achieved 

 

5 ð Separation events  

¶ Contained  

¶ Managed with in 10 

min utes  

 

No separation events 

No separation events 

 

No separation events 

No separation events 

 

 

 

6 ð Protected events  No protected events  No protected events  

7 ð Non -credible or 

multiple contingency 

events  

Achieved Achieved  

8 ð Largest generation 

event in Tasmania  
Not applicable Achieved  

 

The number of exceedances of the FOS in Q4 2020 is notably lower than was observed in the preceding 

quarters of 2020, as seen in Figure 2. Most identified exceedances throughout  2020 related to generation 
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events, load events or periods without an identified contingency. It is apparent that implementation of the 

Mandatory PFR rule has substantially contributed to reducing: 

¶ The number of FOS exceedances following generation or load events, by increasing the available dynamic 

system frequency response to sudden and significant supply and demand imbalances. 

¶ The number of FOS exceedances during periods without an identified contingency, by reducing the 

likelihood of frequency being near the NOFB boundaries to begin with and subsequently wandering 

beyond the NOFB, while also increasing the available restorative response to such events should they 

occur. 

Figure 2  FOS exceedances  in the mainland and Tasmania  
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4. Frequency  performance  

Section 4 describes frequency performance in Q4 2020 against each of the key FOS requirements. 

4.1 Time error 

Table A.2 of the FOS (requirement 1) specifies that the accumulated time error should be maintained within 

the range ±15 seconds in the mainland (except for an island or during supply scarcity) and in Tasmania 

(except for an island or following a multiple contingency event).  

The ranges of accumulated time error in the mainland and Tasmania in Q4 2020 are provided in Table 2. 

Time error did not exceed the FOS requirements in Q4 2020.  

Table 2   Maximum and minimum time error measurements for mainland and Tasmania  

Value  Mainland  Tasmania  

Highest positive time error (seconds)  2.86 10.70 

Lowest negative time error (seconds)  -11.67 -14.36 

 

Figure 3 shows the percentage of time where mainland time error was outside the ±1.5 second threshold at 

which accumulated time error begins to increase regulation FCAS volumes above their base values. During 

Q4 2020, the incidence of time error being less than -1.5 seconds increased over October and November 

relative to Q3 2020. The corresponding incidence of time error exceeding +1.5 seconds decreased to 

near-zero.  

Figure 3  Proportion of time mainland time error was outside of ±1.5 seconds  

 
 

Following investigation, AEMO believes the implementation of the Mandatory PFR rule from the end of Q3 

2020 interacted with the existing AGC settings in a manner that had a small but persistent effect where AGC 
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was unable to actively assist with slight under-frequency. As system frequency was generally close to 50 hertz 

(Hz), AGCõs measure of area control error (ACE) hovered inside the internal dead-zones of the AGC system 

more often than previously. Without AGC action, negative time error accumulated slowly but persistently.  

Throughout Q4 2020, AEMO operational staff frequently implemented an offset (+0.03 Hz) to the base 

frequency (50 Hz) to reverse the accumulations of negative time error. Tuning of the AGC system from 

9 December 2020 (discussed in further detail in Section 6 and Section 7.5) appears to have re-oriented time 

error to be more evenly distributed around zero in the month of December. No further manual time error 

offsets were required for the remainder of the quarter. 

Figure 4 shows the distribution of mainland time error in the months of Q4 2020 compared with Q3 2020. 

The deterioration of time error in the negative direction over October and November 2020 is apparent, as is 

the re-balancing following AGC tuning in December. AEMO will continue to monitor time error for evidence 

of further PFR/AGC interaction. 

Figure 4  Mainland time error distribution  

 
 

4.2 Operation  during periods without contingencies or load events  

When there are no associated contingency or load events in the interconnected system, table A.2 of the FOS 

(requirement 2) specifies that system frequency should be maintained within the applicable Normal 

Operating Frequency Excursion Band (NOFEB) and not remain outside the applicable NOFB for more than 

five minutes on any occasion or more than 1% of the time over any 30-day period6.  

These requirements are summarised in Table 3.  

Table 3  FOS requirements for n o contingency  or load event in an interconnected system  

Region  Containment  Stabilisation  Recovery  

Mainland  49.75 to 50.25 Hz 

49.85 to 50.15 Hz, 99% of the time 

49.85 to 50.15 Hz within 5 minutes 

Tasmania  49.75 to 50.25 Hz 

49.85 to 50.15 Hz, 99% of the time 

49.85 to 50.15 Hz within 5 minutes 

 

6 See https://www.aemc.gov.au/australias-energy-market/market-legislation/electricity-guidelines-and-standards/frequency-0.  

https://www.aemc.gov.au/australias-energy-market/market-legislation/electricity-guidelines-and-standards/frequency-0
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4.2.1 Frequency excursions without a contingency event  outside the Normal 

Operating Frequency Excursion Band  

Frequency excursions outside the applicable NOFEB where an associated contingency event has not been 

identified are shown in Table 4 for Q4 2020. 

Table 4  Number  of frequency excursions without identified contingency  outside the Normal Operating 

Frequency Excursion Band  

Event Low/High/Both frequency event  Number of events  

Mainland  Tasmania  

No contingency or 

load event noted  
Low 0 31 

High 0 2 

Both 0 5 

 

Mainland  

No frequency events without an identified contingency in Q4 2020 in the mainland exceeded the NOFEB. The 

last such event in the mainland occurred on 28 January 2020 and was discussed in the Q1 2020 Frequency 

and Time Error Monitoring Report7. 

Tasmania  

The number of Tasmanian events where frequency exceeded the NOFEB in Q4 2020 without an associated 

contingency event is characteristic of the smaller Tasmania system and is in line with performance in recent 

quarters.  

Last quarter (Q3 2020), 51 frequency events without an identified contingency exceeded the NOFEB in 

Tasmania (37 low, 11 high, and three both), compared to 38 this quarter. Under system normal conditions, the 

FOS specifies largely the same requirements for Tasmania as it does for the mainland. However, as a much 

smaller system, Tasmania is more sensitive to supply/demand imbalances which manifest as larger frequency 

deviations. As PFR is further implemented across the NEM, including in Tasmania, AEMO will monitor and 

adjust control settings in Tasmania as required. 

During the extended outage of Basslink from 14-16 October 2020, Tasmanian frequency performance was less 

consistent than typically observed while connected to the mainland. However, the FOS was not exceeded in 

Tasmania at any time during this outage due to the relaxed FOS requirements for such an islanded situation.  

4.2.2 Frequency excursions  without a contingency event outside the NOFB  and 

not recover ed in FOS timeframe  

In Q4 2020, all frequency excursions without an associated contingency event were recovered in the FOS 

timeframes. This outcome is substantially improved from previous quarters in 2020, as seen in Figure 5. The 

implementation of the Mandatory PFR rule is considered to have reduced the likelihood of frequency being 

near the NOFB boundaries. This outcome markedly reduces the likelihood that frequency wanders just 

beyond the NOFB, while also increasing the available restorative response to such events should they occur. 

 

7 See https://www.aemo.com.au/-/media/files/electricity/nem/security_and_reliability/ancillary_services/frequency-and-time-error-reports/quarterly-

reports/2020/frequency-and-time-error-monitoring-quarter-1-2020.pdf. 

https://www.aemo.com.au/-/media/files/electricity/nem/security_and_reliability/ancillary_services/frequency-and-time-error-reports/quarterly-reports/2020/frequency-and-time-error-monitoring-quarter-1-2020.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/security_and_reliability/ancillary_services/frequency-and-time-error-reports/quarterly-reports/2020/frequency-and-time-error-monitoring-quarter-1-2020.pdf
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Figure 5  Frequency excursions without identified contingency outside the NOFB and not recovered in the 

FOS timeframe in the mainland and Tasmania  

 
 

4.2.3 Frequen cy within  the NOFB over 30 -day rolling average  

AEMO calculates daily the percentage of time that frequency remained inside the NOFB in the preceding 

30-day window. The minimum daily estimate from each month is reported in Figure 6 and Figure 7. The 

figures show the estimated time inside the NOFB, both including and excluding data during contingency 

events. The FOS requirement excludes periods of contingency or load events.  

Frequency in the mainland remained within the NOFB for more than 99% of the time in Q4 2020. Since the 

implementation of the Mandatory PFR rule commenced, there has been a significant reduction in the number 

and duration of frequency excursions from the NOFB and a corresponding increase in the time spent within 

the NOFB, as shown in Figure 6.  

There were notably fewer events in Q4 2020 where frequency drifted outside the NOFB where no specific 

contingency event was identified. When contingency events did occur, frequency was often contained within 

the NOFB or recovered to the NOFB faster than experienced during prior quarters for similar events. Further 

detail is available in Appendix A. 

The percentage of time that Tasmaniaõs frequency was within the NOFB did not meet the FOS requirement of 

99% for the month of October, as seen in Figure 7. An extended Basslink outage from 14-16 October 2020 

was a notable period of poorer frequency performance in Tasmania during Q4 2020. However, a substantial 

improvement in frequency performance in Tasmania occurred throughout November and December, 

concurrent with the major improvement in mainland performance.  
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Figure 6  Frequency in NOFB since 2013, minimum daily time percentage in prior 30 -day window  

 
 

Figure 7  Frequency in NOFB since Oct -19, minimum daily time percentage in prior  30-day wind ow  
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4.2.4 Frequency performance within the NOFB  

The FOS does not include requirements for the control of frequency within the NOFB. However, frequency 

performance within the NOFB is important, because it demonstrates the overall tightness and stability of 

frequency and indicates the likelihood of frequency being close to nominal (50 Hz) when a contingency event 

occurs, increasing the prospects of good containment and fast recovery.  

Figure 8 and Figure 9 show the frequency distribution in the mainland and Tasmania in Q4 2020, compared 

with data from 2010 as an example of a period where frequency control was tighter. The progressive return to 

a frequency distribution more akin to that observed in 2010 is evident over the months from October 2020 to 

December 2020.  

The data below is substantive evidence that actions over this time, and especially the implementation of the 

Mandatory PFR rule, have materially improved control of frequency in the NEM. 

Figure 8  Mainland frequency distribution  

 
 

Figure 9  Tasmania frequency distribution  

 
 

Figure 10 shows that when the frequency is within the NOFB in the mainland, the proportion of time that 

frequency is closer to the boundaries of the NOFB decreased sharply throughout  Q4 2020 to below 10%. The 
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proportion of time that frequency remained near 50 Hz (between 49.95 Hz to 50.05 Hz) increased to 

substantially above 90%. 

Figure 10  Mainland frequency time percentage spent within  selected bands within the  NOFB 

 
 

4.3 Operation during generation or load contingency events  

When there is an associated generation or load event in an interconnected system, table A.2 of the FOS 

(requirement 3) specifies that system frequency should be maintained within the applicable Generation and 

Load Change Band (GLCB) and not remain outside the applicable NOFB for more than five minutes in the 

mainland or more than 10 minutes in Tasmania, as described in Table 5. 

Table 5   FOS requirements for a generation  or load event in an interconnected system  

Region  Containment  Stabil isation  Recovery  

Mainland  49.5 to 50.5 Hz 49.85 to 50.15 Hz within five minutes 

Tasmania  48.0 to 52.0 Hz 49.85 to 50.15 Hz within 10 minutes 

 

4.3.1 Frequency excursions following a generation or load event  outside the  

Generation and Load Change Band  

In Q4 2020, there were no frequency excursions following a generation or load event where frequency 

exceeded the GLCB. 

4.3.2 Frequency excursions  following a generation or load event  not 

recover ing to the  NOFB within the FOS timeframe  

In Q4 2020, there were no frequency excursions following a generation or load event where frequency was 

not recovered to the NOFB within the applicable FOS timeframe (typically five minutes in the mainland, and 

10 minutes in Tasmania). 

This outcome is a substantial improvement on previous quarters in 2020 where several credible generator 

contingency events resulted in protracted recoveries of frequency. In Q3 2020, there were six such frequency 

excursions following a generation event that did not recover to the NOFB within the FOS timeframe. 
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4.3.3 Frequency performance following generation or load events  

AEMO assesses frequency performance over time with metrics that complement the requirements of the FOS. 

Several generation and load events occurred in Q4 2020 which demonstrate the frequency response 

characteristic of the system, despite these events remaining within the boundaries of the FOS.  

Events AEMO considers particularly notable and interesting are described in this section. Appendix A has 

detailed information about frequency outcomes following other selected generation and load contingency 

events. 

9 October 2 020 

The trip of a potline at Bell Bay aluminium smelter at 2109 hrs on 9 October 2020 resulted in a spike in 

Tasmanian frequency to 51.33 Hz, as shown in Figure 11. This event was notable for recording the highest 

SCADA-captured frequency in the NEM since 7 February 2009. The Basslink interconnector was transferring 

power into the mainland at its maximum capability prior to the trip and thus was unable to assist in frequency 

recovery.  

Frequency was contained due to a rapid reduction in Tasmanian generation by approximately 100 megawatts 

(MW) within 10 seconds. Despite Basslinkõs inability to assist, this was a rapid recovery well within the 

requirements of the FOS. 

Figure 11  Tasmanian system  during 9 Octobe r 2020 event  

 
 

18 December 2020  

AEMO noted two significant frequency events on 18 December 2020 coincident with the ramping of the 

Tumut 3 hydro power station, which was twice dispatched from 0 MW to greater than 1,400 MW in a single 

dispatch interval.   

In dispatch, the market assumes that units ramp linearly between their market dispatch points. In this way, 

units ramping up large amounts are balanced by units ramping down. However, in reality units do not always 

ramp linearly, especially in the case where units are starting up. As Figure 12 shows, in both of these events, a 

low frequency persisted until Tumut 3 synchronised and reached its target, which it achieved in approximately 

2-3 minutes. These events could be considered generation events under the FOS due to the unexpected 

change of active power at a generator exceeding 50 MW over 30 seconds. The temporary supply-demand 

deficit was met through scheduled generators deviating upwards above their linear trajectories. Note that the 
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requirements of the FOS were met in both instances. Throughout the same intervals, the aggregate delivery 

of semi-scheduled generation was largely as expected, although several instances of rapid curtailment of 

semi-scheduled plant were noted in the early minutes of the dispatch interval.   

Figure 12  NEM generation  and mainland frequency  on 18 December 2020 during  two generation  event s 

 

 

 
 

4.4 Operation during separation contingency  events  

When there is a separation event, table A.2 of the FOS (requirement 5) sets out expectations for the initial 

frequency containment, recovery, and revised requirements for further contingency events in the islanded 

region. AEMO is required to maintain system frequency within the applicable containment band and should 

recover frequency in the NOFB within the FOS timeframe.  

No separation events occurred during Q4 2020 in the mainland or Tasmania, noting that a trip of Basslink is 

conventionally considered a network event and not a separation event. 

4.5 Operation during network, protected, non -credible , or multiple 

contingency events  

When there is a network contingency, protected event, non-credible contingency, or multiple contingency 

event in an interconnected system, table A.2 of the FOS (requirements 4 to 7) specifies that frequency should 

be maintained within the applicable containment band and recover to the NOFB in the FOS timeframe.  

4.5.1 Frequency excursions following network, protected, non -credi ble or 

multiple contingency event s not within the FOS  

There were no instances during Q4 2020, in either the mainland or Tasmania, where a frequency excursion 

following a network event, protected event, non-credible event, or multiple contingency event was not 
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contained within the applicable containment band and/or not recovered to the NOFB within the FOS 

timeframe. 

4.5.2 Frequency performance following network events  

AEMO assesses frequency performance over time with metrics that complement the requirements of the FOS. 

Several network events occurred in Q4 2020 which demonstrate the frequency response characteristics of the 

system, despite these events remaining within the boundaries of the FOS.  

14-16 October 2020  

An outage of Basslink occurred from 0448 hrs on 14 October 2020 to 1730 hrs on 16 October 2020. During 

this period, Tasmanian frequency remained within the applicable NOFB (49.0-51.0 Hz) at all times, as seen in 

Figure 13. However, the stability of frequency was notably less consistent than when connected to the 

mainland, and frequently exhibited a wide oscillating behaviour, as Figure 14 shows.  

AEMO paused the dispatch of AGC regulation in Tasmania for two successive dispatch intervals (1245 hrs and 

1250 hrs) on 14 October to check if AGC was the root cause of the significant frequency swings, but these 

oscillations continued. The AGC frequency bias setting in Tasmania was subsequently reduced to dampen the 

AGC frequency control response to avoid exacerbating the situation. 

Figure 13  Tasmanian frequency during extended Basslink outage 1 4-16 October 2020  
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Figure 14  Tasmanian frequency before and after Basslink trip  

 
 

29 November 2020  

A trip of Basslink occurred at 0735 hrs on 29 November 2020. At the time, Basslink was importing 439 MW 

from the mainland. Frequency in Tasmania was contained within 49.61-50.40 Hz and did not remain outside 

the applicable NOFB (49.0-51.0 Hz) for longer than 10 minutes during the event, as shown in Figure 15 and 

Figure 16. Frequency in the mainland remained within the NOFB during the event. Basslink resumed operation 

at 1515 hrs. 

Figure 15  Frequency during trip of Basslink 29 November  2020 ð initial  period  
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Figure 16  Frequency during  Basslink outage 29 November 2020  ð full period  

 
 

4 December 2020  

A trip of the Ballarat ð Waubra ð Ararat 220 kilovolt (kV) Line occurred at 0947 hrs on 4 December 2020. Four 

Victorian generators ð Ararat Wind Farm, Bulgana Wind Farm, Crowlands Wind Farm and Murra Warra Wind 

Farm ð were curtailed immediately by control scheme actions operating as expected, as shown in Figure 17. 

Waubra Wind Farm was also disconnected as a result of being connected to the tripped line. The combined 

loss of generation was estimated to be 126 MW due to low wind speed at the time, causing a minor 

frequency deviation within the NOFB.  

Figure 17  Freque ncy and Victorian wind farm  generat ors during trip of Ballarat ð Waubra ð Ararat 220 kV 

line on 4 December 2020  
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AEMO notes the combined maximum capacity of these units is 837 MW. Such an event could represent the 

largest credible contingency in the NEM by some margin, were the same event to occur at a time near 

maximum wind output in this Victorian zone of the NEM. For example, at 0500 hrs on 29 November 2020, 

instantaneous aggregate output was 800.4 MW from these same five generation units; the next largest 

contingency at that time was a trip of Kogan Creek from 723 MW. 

The following constraints were implemented on 25 May 2020 to manage this network contingency. 

¶ N^^V_NIL_ARWBBA  

¶ F_I+GFT_TG_R6/R60/R5, F_MAIN++GFT_TG_R6/R60/R5, F_MAIN+GFT_TG_R6/R60/R5 

This event highlights the increasing complexity of the NEM and the potential consequences for frequency 

control as the generation fleet and transmission network evolves. 

4.6 Reviewable operating incidents  

AEMO is required to review power system incidents that meet the criteria in the NER and Reliability Panel 

guidelines for identifying reviewable operating incidents8. Mainland frequency exceeding the Operational 

Frequency Tolerance Band (OFTB) is the existing guideline for identifying a reviewable operating incident 

which affected power system frequency and is the basis for any inclusions. 

No such incidents were reported during Q4 2020. 

 

8 See https://www.aemc.gov.au/sites/default/files/2018-02/Final-revised-guidelines.pdf. 

https://www.aemc.gov.au/sites/default/files/2018-02/Final-revised-guidelines.pdf
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5. Rate of ch ange of 
frequency  

5.1 ROCOF methodology  

The rate of change of frequency following a frequency event is an indicator of the evolving system response 

to frequency disturbances. Measuring a system variable such as ROCOF is influenced by several assumptions 

concerning the available data and measurement methodology. This ROCOF methodology uses snapshots of 

measured frequency from the AEMO/Transmission Network Service Provider (TNSP) Phasor Measurement 

Unit (PMU) system at 1-second intervals. This is a higher resolution than is available from the GPS clock 

system and is therefore more appropriate for assessing ROCOF. 

For the purposes of this report, ROCOF has been assessed as the recorded change in frequency per second 

over an interval of one second, or over an interval of two seconds when a measurement is not available. 

ROCOF assessment has not been attempted for periods longer than two seconds without data. For the 

purposes of this report, the maximum ROCOF recorded between five seconds prior and 30 seconds after 

each frequency event is considered to be the ROCOF associated with that event. 

ὍὪ ρί Ὠὥὸὥ ὥὺὥὭὰὥὦὰὩ ὸὬὩὲ ὙὕὅὕὊ ὓὃὢὃὄὛ
Ὢ Ὢ

ὸ ὸ
 ᶅ ὸ 

ὩὰίὩ  ὭὪ ςί Ὠὥὸὥ ὥὺὥὭὰὥὦὰὩ ὸὬὩὲ ὙὕὅὕὊ ὓὃὢὃὄὛ
Ὢ Ὢ

ὸ ὸ
 ᶅ ὸ  

ὩὰίὩ ὲέ άὩὥίόὶὩάὩὲὸ ὥὸὸὩάὴὸὩὨ  

where:  

¶ f is system frequency.  

¶ t  is time in seconds. 

5.2 ROCOF during frequency events  

The maximum ROCOF recorded in the mainland each month, and any other ROCOF exceeding the standard 

frequency ramp rate for the mainland (as specified in the market ancillary services specification [MASS]) of 

0.125 Hz/s, is provided in Table 6.  

Table 6  ROCOF during frequency events in the mainland  

Month  ROCOF (Hz/s)  Associated event  Event time  

October  -0.176 Trip of Bayswater 4 unit 14/10/2020 10:52 

November  -0.086 Trip of Loy Yang B1 unit 05/11/2020 11:24 

December  -0.100 Trip of Loy Yang A1 unit 14/12/2020 09:45 

Note: Estimates of ROCOF may vary depending on data source, sampling window and calculation method. 

Figure 18 shows the maximum ROCOF recorded each month of 2020 in the mainland. AEMO employs a value 

called the ôstandard frequency ramp rateõ in the MASS as a standardised way of assessing FCAS capability. In 

real events, and in islanded systems, the ROCOF can be quite different. Under substantially different ROCOF 

conditions, FCAS capability for some plant would be different.  
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Based on the data above (and previous quarters), the MASSõs value of 0.125 Hz/s for a credible contingency 

appears to remain fit for purpose, as the maximum ROCOF in most months has been near 0.125 Hz/s. The 

notable exception in Figure 18 occurred on 31 January 2020 when South Australia separated from the 

mainland NEM, however this was a non-credible event. 

Figure 18  Monthly  maximum ROCOF recorded in 2020 in the mainland  
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6. Automatic Generation 
Control  

6.1 Area Control Error (ACE) methodology  

As per the Regulation FCAS Contribution Factors Procedure9, AEMO calculates an ACE representing the MW 

equivalent size of the current frequency deviation and accumulated frequency deviation (time error) of the 

system. Over time, ACE may be considered to represent a rough proxy for the required Regulation FCAS 

volume. 

ὃὅὉ = 10 ŀ ὄὭὥί ŀ (Ὂ Ĭ ὊὛ Ĭ Ὂὕ) 

where:  

¶ Bias is the area frequency bias and is a tuned value that represents the conversion ratio between MW and 

0.1 Hz of frequency deviation. 

¶ F is the current measured system frequency. 

¶ FS is the scheduled frequency (50.0 Hz).  

¶ FO is a frequency offset representing accumulated frequency deviation, that is, time error. 

6.2 ACE reporting  
 

Figure 19 and Figure 20 show a comparison of the minimum and maximum ACE per half-hourly trading 

interval in the mainland and Tasmania in Q4 2020.  

A progressive reduction in ACE values has been observed throughout Q4, and is considered to represent the 

smaller average frequency error in the NEM following the implementation of the Mandatory PFR rule, as 

shown in Figure 19. 

Adjustments to AGC area tuning were implemented from 9 December 2020. The impact of this work on the 

balance of raise and lower regulation is evident in Figure 19. From 9 December 2020, positive ACE values 

became better balanced with negative ACE values, with the flow-on effect being better balanced usage of the 

lower and raise regulation FCAS reserves. Refer to Section 7.5 for further details on the AGC tuning and an 

associated issue that has required some of the ACE improvements to be partly wound back. 

 

9 See http://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Ancillary_Services/Regulation-FCAS-Contribution-Factors-

Procedure.pdf. 

http://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Ancillary_Services/Regulation-FCAS-Contribution-Factors-Procedure.pdf
http://www.aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/Ancillary_Services/Regulation-FCAS-Contribution-Factors-Procedure.pdf


 

© AEMO 2021 | Frequency and Time Error Monitoring ð Quarter 4 2020 25 

 

Figure 19  Minimum and maximum ACE per half -hour in mainland  

  
 

Figure 20  Minimum and maximum ACE per half -hour in Tasmania  

 

9 Dec ð AGC area tuning 






















