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1. Executive Summary 
This document is the Final Project Performance Report for the United Energy (UE) Voltage-Controlled Frequency 
Regulation System (VCFRS, the project). The project demonstrates a new capability to deliver delayed contingency 
FCAS services for the NEM under ARENA’s Advancing Renewables Programme (2019/ARP007). It fulfils an 
obligation under the Knowledge Sharing Plan to provide an update on the status of delivery of the project including 
sharing of results and lessons learnt. 

This report documents the summary of the previous milestone reports and also major achievements of the project 
since the release of the last milestone report. These achievements include completion of:- 

1) Improved operation of the VCFRS scheme due to implementation of the new interface between SCADA 
and NAP, ICCP. 

2) Development and verification of the proposed method to calculate baselines in order to determine the 
precise amount of FCAS services. 

3) Updated states of issues and their resolutions identified during installation and operation of the VCFRS. 
4) Investigation on the feasibility of registering the technology in the ancillary services market in consultation 

with AEMO deploying the proposed baseline calculation to assist resolution of the technical and non-
technical requirements. 

5) Knowledge sharing activities relating to the findings of the project during the period. 
6) Further assessment of the business case revenue and cost streams associated with the technology 

reinforcing the commercial need for FCAS to be traded by UE at times of high-price events (i.e. significant 
under-frequency occurrences). 

Any parties interested in discussing the contents of this report directly with United Energy are encouraged to contact 
United Energy at planning@ue.com.au. 

The milestone reports are available on United Energy’s website. 

 

 

  

mailto:planning@ue.com.au
mailto:planning@ue.com.au
https://www.unitedenergy.com.au/united-energys-demand-respond-results-for-summer-2017-2018/
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2. Background 
The objective of this ARENA-funded project is to demonstrate the capability of UE’s Dynamic Voltage Management 
System (DVMS) technology (developed under ARENA’s Demand Response programme), in a new way to deliver 
FCAS services to the Australian Energy Market Operator (AEMO) and the National Electricity Market (NEM). 

This Project demonstrates the use of the technology for “Delayed Raise” and “Delayed Lower”1 contingency FCAS 
by providing voltage-reduction demand-response capability to ramp power output in response to frequency 
disturbances on the power system. UE aims to bring an additional 30MW of raise service capacity to the NEM 
through this proof of concept project, post testing it over the summer months of 2019/2020 and 2020/21. 

This outcome can be achieved by leveraging the DVMS, enhancing its algorithms and expanding its capacity in its 
current roles of providing power quality compliance, solar photovoltaic export enablement, and Reliability and 
Emergency Reserve Trader (RERT) support, to also demonstrate it can provide FCAS. UE to use frequency 
measurements to instruct the operation of the DVMS to provide the response times and change in active power 
required to support the FCAS delivery. 

Figure 1 shows the end-end overview of the UE voltage-controlled frequency regulation system, which has been 
development. It is an automatic closed-loop system which has smart meters and data analytics as key to its 
operations, with voltage and frequency monitors to inform its response performance. 

 

Data Analysis EngineSm
ar

t 
M

e
te

r

Control Centre

Zone Substation

Power Grid

 
Figure 1: United Energy’s Voltage-Controlled Frequency Regulation System 

 

UE intends to deliver the FCAS capability through the use of automatic, remote-controlled, voltage control at 47 
zone substations. This service uses the existing fleet of smart meters deployed across the distribution network to 
provide time-lagged customer voltage data from all connected smart meters to enable reductions (or increases) in 
voltage while maintaining voltage compliance during the FCAS event. UE can reduce/increase the voltage across 

                                                        
1 Delayed Lower contingency FCAS will be delivered when DVMS is operating in Demand Response mode only as a proof of 
concept.  The normal mode of operation will be to provide Delayed Raise contingency FCAS. 
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the network to demonstrate 30MW and 1MW of Delayed Raise and Delayed Lower contingency FCAS within 5 
minutes, respectively. 

The diversification of this solution makes it highly reliable. The solution is diversified across 47 sites, meaning that 
an outage (planned/unplanned) of equipment or communications at any one site dilutes the total magnitude of the 
FCAS by only (1/47). Furthermore, as UE plans to continue to maintain voltages so as not to deteriorate compliance 
during an FCAS event, there is no requirement for UE to seek approval from customers to undertake such an FCAS 
dispatch. Therefore, every customer2 within UE’s service area will be participating and contributing to FCAS delivery 
without any impact in the way their equipment operates. This diversification of load contributes to a predictable and 
secure FCAS outcome. UE intends to use the high-frequency SCADA UE boundary metering to verify dispatch for 
settlement purposes. 

Since the voltage reduction or increase is applied across all of UE’s service area, with customers totalling more 
than 700,000 in number, customers from all sector types are contributing to the change in demand. While the 
demand change varies from customer to customer, UE has undertaken system tests and has demonstrated through 
further system tests that the aggregate demand change is sufficient to provide an average of 30MW of FCAS 
delivery during the event period. 

DVMS utilises AS 61000.3.100 to regulate the voltage and deliver regulatory voltage compliance and demand 
response. A similar method is deployed to deliver FCAS. When AEMO requires a “Delayed Raise”, they seek to 
increase the supply of active power delivered into the system (MW), while in this situation UE can deliver the same 
service by lowering the amount of load consumed by customers (MW) by reducing the voltage level on the 
distribution network. The system is able to provide the FCAS service by switching between the two modes of 
operation (V99% and V1%) as shown in Figure 2. 

 

  
Figure 2: Method Employed in United Energy’s Voltage-Controlled Frequency Regulation System 

 

For more information about DVMS and how it is designed and operated, refer to UE’s website. 

 

 

  

                                                        
2 Except UE customers serviced by Ringwood Terminal Station 22kV and UE customers supplied by other DNSPs. 

V99% V1% 

https://www.unitedenergy.com.au/united-energys-demand-respond-results-for-summer-2017-2018/
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3. Summary of Milestone #1 and #2 Reports 
This section summarises the key findings of Milestone #1 and #2 reports which are available on UE’s website. 

3.1. SCADA Enhancements 
It was proposed that UE’s DVMS could be further enhanced to incorporate the VCFRS capabilities. Therefore, a 
two-way ICCP3 link was implemented that has enabled the NAP application to transfer the set-point 
recommendations directly to the SCADA application without using the OSI PI interface. This has improved the 
response time for delivery of delayed contingency FCAS services. The proposed architecture for the interface 
between the SCADA and NAP applications is demonstrated in the Project Performance Milestone 1 Report. 

In order to support new functionalities (hereafter, called the FCAS), the existing SCADA DVM application was also 
modified to accommodate a manual point to set the FCAS status as Disabled (0) or Enabled (1). This would allow 
the NCC Controllers to enable and disable the FCAS functionality within the DVM application. 

When FCAS mode is Disabled (0), the DVMS application will not act on any under/over-frequency events which are 
recorded by the frequency sensing relays. An indication point was also configured for the mode of the current FCAS 
operation which could be “Inactive” (0) in the normal DVMS operation within the normal frequency range. 

When the DVM application and the FCAS mode are both enabled, if the SCADA application receives an under-
frequency event from the field devices, the DVM application will be changed to “Under Frequency Operated” (1) 
mode, triggering the NAP application to send voltage recommendations to change the operating mode from V99% 
to V1%. This will run for a period of time (600 seconds) or until the under-frequency event is cleared. 

The enhanced DVM application will be switched to V1% if at least half of the installed frequency sensing relays (3 
out of 6) capture under-frequency events. During the dispatch period, all of the controlled zone substation 
transformers will be operating in the “Demand Response” mode and remain in this mode for 600 seconds. A timer 
was also introduced to the DVM application which assists the VCFRS scheme to manage any delays between 
consecutive operations. This timer, FCAS Holdoff, could be deployed for participating in the FCAS market based 
on pricing signals from AEMO. 

When the DVM application is in the “Demand Reduction” mode and the FCAS status is “Enabled”, if the SCADA 
application receives an over-frequency event, the DVM application will be changed to “Over Frequency Operated” 
(2) and the DVMS will be returned to the V99% operating mode for a period of time (600 seconds) or until the over-
frequency event is cleared. After clearing the over-frequency event in the field, the DVM application will be switched 
back to the “Demand Reduction” mode. 

3.2. SCADA Enhancements 
A number of enhancements were undertaken as part of improving the NAP application for delivery of delayed FCAS 
contingency services via the DVMS which include: 

 Response time; 
 Code enhancements; and 
 Monitoring of application. 

Improving the response time of the network analytics algorithm was the first part of the improvements for the NAP 
application. Initially control changes and network configurations were loaded into the NAP application from the 
SCADA application via the OSI PI interface. The lag between the SCADA and NAP applications was around 12 
seconds. However, at times of high data traffic this increased to in excess of 30 seconds. Therefore, the decision 
was made to change from OSI PI to ICCP as the interface to receive network updates from the SCADA application. 
This change increased the speed of the network state enabling faster control feedback and operation of the DVMS. 

In order to further improve the response time of the NAP application, some of the codes which were deployed for 
the DVMS, have been modified. The code modifications are described in detail in the Project Performance Milestone 
2 Report. 

                                                        
3 Inter-Control Centre Communications Protocol. 

https://www.unitedenergy.com.au/united-energys-demand-respond-results-for-summer-2017-2018/
https://www.unitedenergy.com.au/wp-content/uploads/2019/09/VCFRS-Project-Performance-Report-Milestone-1.pdf
https://www.unitedenergy.com.au/wp-content/uploads/2019/09/VCFRS-Project-Performance-Report-Milestone-1.pdf
https://www.unitedenergy.com.au/wp-content/uploads/2019/09/VCFRS-Project-Performance-Report-Milestone-1.pdf
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Monitoring of the DVM application was also increased through email alerting and dashboard creation which are 
demonstrated in the Project Performance Milestone 2 Report. 

3.3. Frequency Sensing Relays 
After successfully completing the bench tests on the selected relay, Schweitzer SEL-751A, UE completed 
installation of these relays at 6 zone substations. The new relays were installed in the existing panel within each 
zone substation. 

These relays are deployed to monitor frequency and rate of change of frequency (ROCOF) in different locations on 
the UE distribution network. They can be re-programmed with new settings/thresholds if required. 

All of the 6 frequency sensing relays were successfully installed and are fully operational now. 

3.4. Low-Voltage Opportunistic Works 
The LV opportunistic works were undertaken on the zone substations (total 5 stations) with the highest voltage 
spread4 levels on the distribution network. 

After further analysis on the data from AMI smart meters, the below resolutions were identified to be the most 
effective measures to reduce the voltage spread levels for the select zone substations: 

 Adjusting distribution transformer tap settings; 
 Balancing the load across phases along the LV circuits; and 
 Checking and correcting any loose connections. 

In order to perform these works, the involved customer(s) were notified regarding any probable outage prior to the 
work being carried out as per the standing UE customer notification process. 

As part of these remedial works, 61 distribution transformers were selected across 5 zone substations for tap 
changes of which 53 tap adjustments were successfully completed. The tap adjustments for the 8 remaining sites 
were not completed due to operating the distribution transformer at the lowest taps, having tap screws seized and 
the existing LV paralleling5. 

In order to balance the unbalance LV circuits, customers supplied by the heavily load phases were identified, taking 
into consideration their voltage and energy consumption levels. These customers were then switched to other 
phases which had capacity. As a result of load balancing, the voltage profiles for the selected LV circuits and 
consequently, the supplying zone substations were improved for peak demand times. By changing the phase of a 
small portion of the customers, 4.85% on average, the loads for the selected LV circuits were balanced. 

A common cause of over/under-voltages in distribution networks is loose connections. Correcting loose connections 
will reduce line resistance and losses. Therefore, UE identified and tightened up the loose connections using the 
data from AMI smart meters supplied by the selected distribution substations. Similar to load balancing, this option 
has also assisted to accommodate a higher number of solar photovoltaic (PV) systems into the distribution network. 

In summary, the remedial works has increased the V1% level by 7V on average. Since the tap step for zone 
substation transformers is 1.25%, improving V1% by 3% (7V) has provided the opportunity of reducing the voltage 
of the zone substation by at least 2 taps when the DVMS is switched to the “Demand Reduction” mode. This has, 
in turn, improved the performance of this scheme for FCAS services without compromising the quality of supply. 

3.5. Regulatory Assessment 
UE undertook a regulatory assessment that concluded that the provision of FCAS by UE for this Project is not 
prohibited under the current regulatory framework and is entirely consistent with the Australian Energy Regulator’s 
(AER) Ring-Fencing Guideline.  

Previously UE has participated in the Reliability and Emergency Reserve Trader (RERT) market and no issues 
were raised by AER or our auditors who recently completed our 2018 ring fencing audit. As observed on the 24th 

                                                        
4 Voltage Spread = V99% - V1%. 
5 LV Paralleling is the operation in which multiple distribution transformers are synchronised and then, the LV open points are  
closed. LV paralleling results in carrying out maintenance works without occurring any supply outages to the supplied customers. 

https://www.unitedenergy.com.au/wp-content/uploads/2019/09/VCFRS-Project-Performance-Report-Milestone-1.pdf
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and 25th of January 2019, this participation by UE delivered significant value for customers at a time when the 
market was unable meet customers’ electricity demand expectations.  

The AER has not disputed UE’s position to date in its discussions with them around RERT or FCAS. For more 
information regarding the relevant sections of the Ring Fencing Guideline in the context of FCAS, refer to Section 
4 of the Project Performance Milestone 1 Report. 

 

 

 

  

https://www.unitedenergy.com.au/wp-content/uploads/2019/09/VCFRS-Project-Performance-Report-Milestone-1.pdf
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4. Operational Phase – VCFRS Response 
This section aims to provide continued assessment of VCFR’s performance on responding to under-frequency 
events and consequently delivering delayed contingency FCAS services. 

Table 1 summarises the under-frequency events that occurred since Milestone 2 Report which the VCFR scheme 
responded to and dispatched demand reduction. The values of frequency at triggering time provided in Table 1 are 
the frequency values recorded by the frequency sensing relays across BR, MGE, MTN, NP, OR and WD 
substations. As discussed in Milestone 2 Report, the installed DVM application is programmed to switch to the V1% 
mode if at least half of the installed frequency sensing relays (3 out of 6) capture under-frequency events. 

 

Table 1: Under-Frequency Events Recorded by Frequency Sensing Relays 

Date Time Frequency at Triggering Time 

Tuesday, 19 May 2020 02:53pm – 03:03pm 49.75Hz 

Monday, 01 June 2020 12:56pm – 01:06pm 49.65Hz 

Sunday, 07 June 2020 01:33pm – 01:43pm 49.57Hz 

Monday, 22 June 2020 10:06am – 10:16am 49.78Hz 

Wednesday, 15 July 2020 04:29am – 04:39am 49.71Hz 

Saturday, 25 July 2020 06:32pm – 06:42pm 49.77Hz 

Friday, 14 August 2020 11:05am – 11:15am 49.66Hz 

Thursday, 20 August 2020 12:35pm – 12:45pm 49.75Hz 

Saturday, 22 August 2020 01:03pm – 01:13pm 49.78Hz 

Sunday, 23 August 2020 10:35pm – 10:45pm 49.66Hz 

Saturday, 5 September 2020 09:55am – 10:05am 49.65Hz 

Tuesday, 8 September 2020 06:47am – 06:57am 49.75Hz 

Friday, 11 September 2020 11:02am – 11:12am 49.75Hz 

Friday, 18 September 2020 09:19am – 09:29am 49.76Hz 

Friday, 18 September 2020 01:23pm – 01:33pm 49.78Hz 

Monday, 28 September 2020 04:31pm – 04:41pm 49.75Hz 

 

UE has demonstrated the feasibility of achieving 30MW demand reduction during the operation of the VCFR 
scheme as evidenced in Milestone 2 Report. Continued performance of the VCFR scheme is shown in Figure 3 
which is obtained from the high-frequency sampling rate measurements in SCADA. This figure shows the total 
demand and network frequency prior to, during and post FCAS event on 19 May 2020. 

 



 

Voltage Controlled Frequency Regulation System – Final Report   |   24.11.20 12 

 

 
Figure 3: Operation of Voltage-Controlled Frequency Regulation System – 19 May 2020 

 

Activation of the delayed raise contingency FCAS services by way of voltage reduction is evident at the event start 
time (2:53 pm) with demand falling from around 1,055MW to around 1,025MWMW at 3:03pm. During this period, 
the network frequency also dropped from around 50Hz to around 49.75Hz, as a result, Figure 3 further 
demonstrates achievement of 30MW demand reduction as a result of triggering the VCFRS scheme. 

In order to register the VCFRS scheme in the ancillary service markets, an agreed method of determining the level 
of delayed raise contingency FCAS services (considering underlying load and embedded energy changes) needs 
to be established. 

Due to the short duration of delayed raise contingency FCAS services (10 minutes) and the changes in the 
underlying demand, UE has developed a baseline calculation method for determining the level of FCAS services 
delivered via the VCFRS scheme which is further discussed in detail in Section 5. 
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5. Baseline Calculation Methodology 
The assessment of the baseline calculation method to determine the FCAS levels relies on being able to accurately 
represent the underlying changes in the load. UE’s proposed approach is to develop a predictive model which 
captures the underlying changes in the load prior to the frequency event to establish a baseline, which can then be 
further extrapolated to predict how the load would have varied in the absence of the VCFRS scheme. A regression 
analysis was chosen as the form of predictive modelling technique to derive possible equations that would describe 
the changes in the load. The demand profile for any given day resembles that of Figure 4 which consists of a 
morning peak, evening peak and midday trough due to an abundance of solar PV generation. Thus, at any given 
time, the rate of change of demand can be analysed using either linear or polynomial regression. The proposed 
approach is to derive three sets of equation as follows: 

 Entire-Period Model Equation: Where a frequency event occurs at t0, define a time interval for the 
regression analysis which satisfies the following formulae: 

 t0 - α < t < t0 + β 

where α and β shall be any arbitrary value. 

 Model Equation Prior to FCAS Event: Where a frequency event occurs at t0, define a time interval for 
the regression analysis which satisfies the following formula: 

 t0 - α < t 

where α shall be in minutes and look at the time period prior to the frequency event. 

 Model Equation Post FCAS Event: Where frequency event occurs at t0, define a time interval for the 
regression analysis which satisfies the following formulae: 

 t > t0 + β 

where β shall be in minutes. 

 

 
Figure 4: Typical Demand Profile on the UE Distribution Network 

 

The goal is to define a sufficient time period that captures the changes in the load and can be used to derive a 
regression model. Thus, if the model can capture the changes in the load prior to and post the frequency event, 
then within good approximation, it can be used to estimate how the load would have varied had the VCFRS not 
operated, thus, establishing the baseline. 

Overnight Minimum 
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Morning Peak Demand 

Evening Peak Demand 

Daytime Solar PV Trough 
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The under-frequency event that occurred on 19 May 2020 is presented here as an example to verify the proposed 
baseline calculation. 

5.1. Entire-Period Model Equation 
For the under-frequency event that occurred on 19 May 2020 from 2:53pm, α and β will be such that the entire time 
interval is from 13:00 to 17:00 to capture changes in demand that occurred prior to and post the under-frequency 
event. As provided in Table 2, the changes in the demand curve can be approximated by polynomial regression, 
with a higher order giving a better correlation and match to the demand curve profile. While it may be intuitive to 
choose a higher order polynomial regression as the best fit, the focus should be rather on which possible equation 
best describes the changes that occur a few minutes prior to and post the frequency event. 

 

Table 2: Regression Testing Results – 19 May 2020 

Order Possible Equation Profile 

Equation 1 
y = 1E-06x2 - 0.0204x + 1130.2 

R² = 0.8369 
Refer to Figure 27. 

Equation 2 
y = 7E-11x3 + 5E-08x2 - 0.0121x + 1120.2 

R² = 0.8586 
Refer to Figure 28. 

Equation 3 
y = -3E-14x4 + 8E-10x3 - 7E-06x2 + 0.0094x + 1104.6 

R² = 0.8989 
Refer to Figure 29. 

Equation 4 
y = 3E-18x5 - 1E-13x4 + 2E-09x3 - 1E-05x2 + 0.0235x + 1097.8 

R² = 0.9052 
Refer to Figure 30. 

Equation 6 
y = 1E-21x6 - 5E-17x5 + 7E-13x4 - 4E-09x3 + 1E-05x2 - 0.01x + 1109.4 

R² = 0.9206 
Refer to Figure 31. 

 

The possible equation to choose from the list in Table 2, is as represented by the trend line which is a line of best 
fit capturing the changes that were occurring prior to and immediately post the frequency event to establish the 
baseline movement of the load. The difference from this baseline would be the contribution as a result of triggering 
the VCFRS scheme. 

Through analysis of the different profiles noted in Table 2, the 3rd order polynomial regression profile provided in 
Figure 5, has been selected as the profile most accurately describing the underlying changes in the demand prior 
to and post the frequency event. 
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Figure 5: Demand Changes and Estimated Baseline – 19 May 2020 from 14:06 to 15:30 

 

5.2. Model Equation Prior to and Post FCAS Event 
A similar approach described in Section 5.1, is undertaken in deriving model equations prior to and post FCAS 
events. Thus, using the event on 19 May 2020 as an example, the model equations will be split as follows: 

 Model equation prior to FCAS event: considers changes occurring in the demand profile from 1:00pm 
up to 2:53pm then, use either linear or polynomial regression to estimate the baseline movement of the 
load prior to the under-frequency event. Once these equations are known then, use the appropriate 
equation to predict how the load would have varied in the time period from 2:53pm to 3:03pm in the 
instance where the VCFRS scheme had not been triggered. 

 Model equation post FCAS event: considers changes occurring in the demand profile after the frequency 
event from 3:03pm to 5:00pm and will use either linear or polynomial regression to estimate the baseline 
movement of the load post the frequency event. Once these equations are known, backward prediction of 
how the load changed in the time period from 2:53pm to 3:03pm can be estimated. 

Care must be taken when choosing equations to predict how the load would change for the time interval from 
2:53pm to 3:03pm. Analysis of the trend line shows that choosing a higher order polynomial regression model, for 
instance with order 5, will predict a steep decline in the demand as shown in Figure 6. Similarly, choosing a low 
order, for instance with order 3, will predict a steep increase in the demand as shown in Figure 7. 
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R² = 0.8586
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Figure 6: Polynomial Regression Model of Order 5 up to 14:53 for Under-Frequency Event on 19 May 2020 

 

 
Figure 7: Polynomial Regression Model of Order 3 up to 14:53 for Under-Frequency Event on 19 May 2020 

 

For this under-frequency event, Figure 8 has been chosen as the best possible equation to be able to predict the 
change in the demand for the time period of 2:53pm to 3:03pm. 
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Figure 8: Polynomial Regression Model of Order 2 up to 14:53 for Under-Frequency Event on 19 May 2020 

 

5.3. Model Selection 
Three model approaches have been considered in estimating the underlying changes in the demand profile during 
the under-frequency event. As demonstrated in Figure 9, the model equations prior to and post the frequency event 
of 19 May 2020 are not the most accurate to use for estimation of the baseline as they do not track the demand 
curve accurately before and after the under-frequency event. The entire-period model has then been chosen as the 
most accurate model to use for estimation as it is able to capture demand changes before and after the under-
frequency event with the difference being the contribution of the VCFRS scheme. 

 

 
Figure 9: Regression Model Comparison – Under-Frequency Event on 19 May 2020 
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The proposed UE method for calculating the baseline was investigated further for the other frequency events 
detailed in Table 1 with the results provided in Section 5.4. 

5.4. Results 
5.4.1. 19 May 2020 Under-Frequency Event 

In estimating the exact level of FCAS services delivered for the under-frequency event that occurred on 19 May 
2020, the baseline estimation of the load using regression models has been demonstrated as provided in Figure 
10. 

 

 
Figure 10: Demonstration of Demand Reduction using Regression Models – 19 May 2020 

 

It can be seen through applying the proposed method that a 30MW demand reduction was achieved as provided in 
Figure 10 and Table 3. 

 

Table 3: Baseline Calculation for Under-Frequency Event on 19 May 2020 
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Demand 
Reduction (MW) 

19-May-20 14:50:20 49.88 1,063 1,063 0 

19-May-20 14:53:00 49.76 1,051 1,062 11 
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Timestamp Frequency (Hz) Network Demand 
(MW) 

Estimated 
Baseline (MW) 

Demand 
Reduction (MW) 

19-May-20 14:57:00 49.82 1,032 1,062 30 

19-May-20 14:58:006 49.86 1,032 1,062 30 

19-May-20 14:59:00 49.87 1,032 1,062 30 

19-May-20 15:00:00 49.86 1,031 1,062 30 

19-May-20 15:01:00 49.88 1,029 1,062 33 

19-May-20 15:02:00 49.95 1,025 1,062 37 

19-May-20 15:03:007 49.92 1,032 1,062 30 

 

The level of demand reduction achieved through operating the VCFRS scheme provided in Figure 10 would have 
been equal to the values given Table 3. Colour coding in Table 3 represents the individual 5-minute dispatch 
periods. 

5.4.2. 22 June 2020 Under-Frequency Event 

The under-frequency event that occurred on 22 June 2020 is presented in Figure 11 showing the FCAS event which 
occurred at 10:07am. Figure 11 shows activation of the delayed raise contingency FCAS services by way of voltage 
reduction is evident at the event start time (10:07am) with the demand falling from around 1,330MW to around 
1,300MW at 10:11am. 

 

 
Figure 11: Operation of Voltage-Controlled Frequency Regulation System – 22 June 2020 

 

                                                        
6 The first 5-minute dispatch was achieved at 2:58pm. 
7 The second 5-minute dispatch was achieved at 3:03pm. 
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Following the same proposed method discussed in Section 5.1 and Section 5.2, it can be seen from Figure 12 that 
30MW of demand reduction was achieved for the 10-minute dispatch period that the DVMS was operating in the 
V1% mode. 

 

 
Figure 12: Demonstration of Demand Reduction using Regression Models – 22 June 2020 

 

The level of demand reduction achieved through operating the VCFRS scheme as provided in Figure 10 would 
have been equal to the values given Table 4. As it can be seen from Table 4, during the dispatch period, the network 
frequency returned above the under-frequency threshold of 49.80Hz whilst the DVMS retained in the “Demand 
Reduction” mode. 
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Timestamp Frequency (Hz) Network Demand 
(MW) 

Estimated 
Baseline (MW) 

Demand 
Reduction (MW) 

22-Jun-20 10:12:008 50.02 1,300 1,332 32 

22-Jun-20 10:13:00 49.98 1,303 1,332 29 

22-Jun-20 10:14:00 49.95 1,307 1,333 26 

22-Jun-20 10:15:00 49.94 1,308 1,333 25 

22-Jun-20 10:16:00 50.01 1,307 1,334 27 

22-Jun-20 10:17:009 50.04 1,311 1,334 23 

 

Figure 13 shows tap change activity at BH zone substation transformers which tapped down in 5 minutes confirming 
the operation of the DVMS in the “Demand Reduction” mode. Consequently, the level of demand was reduced by 
more than 30MW in the first 5 minutes as demonstrated in Table 4. For the second 5-minute dispatch period, the 
demand reduction averaged at 28MW. By deactivating the FCAS operating mode, the zone substation transformer 
experienced a steep tap up from 3 to 7, returning to previous voltage levels. The tap changes were completed within 
5 minutes as shown in Figure 13 which further confirms the 5-minute response time of the VCFRS scheme. 

 

 

 
Figure 13: Tap Changing of Box Hill (BH) Zone Substation Transformers due to FACS Activation – 22 

June 2020 

 

                                                        
8 The first 5-minute dispatch was achieved at 10:12am. 
9 The second 5-minute dispatch was achieved at 10:17am. 
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5.4.3. 14 August 2020 Under-Frequency Event 

Similarly, Figure 14 demonstrates the operation of the VCFRS scheme for the under-frequency event on 14 August 
2020 with Figure 15 showing continued application of the baseline calculation methodology. 

 

 
Figure 14: Operation of Voltage-Controlled Frequency Regulation System – 14 August 2020 

 

 
Figure 15: Demonstration of Demand Reduction using Regression Models – 14 August 2020 
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Table 5 shows that a demand reduction of 36MW was achieved in the first 5-minute dispatch period with the same 
level being retained for the next 5-minute dispatch period before the VCFRS scheme returned to normal frequency 
operation. 

 

Table 5: 14 August 2020 Under-Frequency Event (1-Minute Timestamp) 

Timestamp Frequency (Hz) Network Demand 
(MW) 

Estimated 
Baseline (MW) 

Demand 
Reduction (MW) 

14-Aug-20 10:59:30 50.01 1,013 1013 0 

14-Aug-20 11:05:40 49.75 1,001 1016 16 

14-Aug-20 11:06:40 49.79 999 1017 18 

14-Aug-20 11:07:40 49.81 1,000 1018 18 

14-Aug-20 11:08:40 49.84 993 1019 25 

14-Aug-20 11:09:40 49.86 982 1019 38 

14-Aug-20 11:10:4010 49.86 984 1020 36 

14-Aug-20 11:11:40 49.88 983 1021 38 

14-Aug-20 11:12:40 49.96 986 1022 36 

14-Aug-20 11:13:40 49.97 989 1023 34 

14-Aug-20 11:14:40 49.99 991 1024 34 

14-Aug-20 11:15:4011 49.97 997 1026 29 

 

5.5. Conclusion 
In summary, for the under-frequency events that occurred on 19 May, 22 June and 14 August, Table 3, Table 4 and 
Table 5, respectively, have demonstrated a minimum of 30MW demand reduction for each of the 5-minute dispatch 
time the VCFRS scheme operated. This demonstrates that the VCFR scheme has been successful in meeting the 
requirement to participate in the delayed contingency FCAS markets. Similarly, the high-speed SCADA 
measurements presented through Figure 3, Figure 11 and Figure 14 provide evidence that the enhanced DVMS 
can dispatch delayed raise contingency FCAS services in 5 minutes and also retain this level of the FCAS services 
for the entire 10-minute period. Furthermore, the 5-minute response time of the DVMS is also obvious after 
deactivating the FCAS services as demonstrated in Figure 13. 

 

 

 

                                                        
10 The first 5-minute dispatch was achieved at 11:10am. 
11 The second 5-minute dispatch was achieved at 11:15am. 
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6. Registration 
UE has the objective of trialling the VCFRS capability to deliver 30MW of delayed raise and 1MW of delayed lower 
FCAS from a combined response across all UE zone substations. In order to investigate the feasibility of the VCFRS 
registration beyond the trial of technology, UE completed the existing AEMO’s Application for Registration Market 
Ancillary Service Provider and submitted the draft application to AEMO for further investigation. Information 
submitted to AEMO include: 

 UE FCAS-AEMO.docx - Project description document 
 Information on relays  
 Data on UE load response to frequency events  
 RERT test data  
 Draft registration application, submitted for the purposes of information 

After preliminary review of the UE’s draft application, AEMO advised that this is a non-standard application due to 
the below reasons: 

 The novel nature of the technology; 
 The nature of the intended participant; and 
 The distributed nature of the response. 

Therefore, there are a number of technical and non-technical considerations which have been outlined by AEMO 
that need to be taken into account prior to processing UE’s application. UE plans to collaboratively work with AEMO 
to address all of these considerations as summarised in Sections 6.1, 6.2 and 6.3. 

6.1. Technical Considerations 
In order to register the VCFRS scheme in the ancillary service markets, an agreed method in determining the level 
of delayed raise contingency FCAS services, considering underlying load and embedded energy changes is 
required. AEMO proposes that the method needs to consider the following: 

 Distributed metering method and meter specification with reference to the MASS metering requirements. 
 Consideration of underlying change of load profile. 
 Consideration of load changes with respect to response of DER, such as rooftop solar PV systems. 
 Consideration of how changes from existing or new FCAS providers, such as VPPs or load response 

aggregators will be accounted for. 
 Consideration of any other uncertainties or variability in FCAS provision. 

As the FCAS response is not the trip of a load but a reduction in load across all of UE’s customers, this method 
needs to be developed to separate the underlying movement in load from the reduction triggered by the VCFRS 
scheme. UE proposed method is outlined in Section 5 and shall now be reviewed with AEMO. Three model 
approaches have been considered in estimating the underlying changes in the demand profile during the frequency 
event which are discussed in Section 5.3. 

AEMO also requires an agreed test plan and technical demonstration with the test plan for verification of 
performance to be initially drafted by UE, for AEMO comment and review. UE proposes to use the actual under-
frequency events as detailed in Table 1 with the response of the VCFRS scheme as discussed in Section 5.4. 

6.2. Non-Technical Considerations 
The information that AEMO requires to register UE as a market participant and approve classification of the load 
as an ancillary service load, and grant both sets of registrations/approvals is set out in the AEMO’s NEM MASP 
and Classification of Lead Registration Guide. To be eligible for registration as a market ancillary service provider 
(MASP), as per 2.3AA.1 (b), UE must:  

1. Obtain the approval of AEMO to classify load connected to the distribution system that it wishes to use to 
provide market ancillary service by: 

i. identifying units of load under its ownership, operation or control;  

ii. demonstrating how load identified in (i) are under its ownership, operation or control; and  
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iii. demonstrating that the load identified in (i) has the required equipment to be used to provide 

market ancillary service; 

2. Satisfy AEMO that each load referred to in subparagraph (1) will be capable of meeting or exceeding the 
relevant performance standards and specifications to AEMO's satisfaction.  

As per clause 2.3AA.1(c) of the AEMO’s Guide, UE may classify the loads referred to in clause 2.3AA.1(b)(1) as an 
ancillary service load in accordance with clause 2.3.5 where it has obtained the approval from AEMO to do so. 

6.3. Registration Process 
The following is a breakdown of responsibilities towards registration with UE and AEMO to undertake the following: 

 UE will update AEMO with the following: 
 Proposed baseline calculating method for determining the FCAS level from underlying load 

changes as described in Section 5. 
 Results from test plan considering the under-frequency events as detailed in Section 5.4 where 

UE has demonstrated and verified application of  the baseline calculating method; and 
 For determining the level of delayed raise contingency FCAS services from embedded energy 

changes, UE proposes this assignment be performed by AEMO by considering the different 
generation in and out of service from which the contribution can be used to offset UE’s 
contribution. 

 AEMO to provide the following: 
 Additional information on market interfaces, communications and telemetry. 
 Review of UE documents and test plan. 

 Technology Demonstration: 
 Testing conducted by UE. 
 UE submits test results along with their assessment of FCAS quantities. 
 AEMO to review test results. 
 AEMO to consider if changes would be needed to FCAS verification tools, or other processes to 

facilitate registration. 

Pending resolution of the technical and non-technical requirements, UE to submit registration based on tested 
capability and UE advice on the applicable of the Ancillary Service Load classification to the project. Alternately, 
AEMO has suggested that should UE prefer to demonstrate the technology’s capability to provide an FCAS type 
response without pursuing FCAS registration at this stage then, AEMO is able to review a proposed test plan and 
provide commentary on test results. The tentative timeline for the proposed approach is given in Table 6. 

 

Table 6: Tentative Timeline for VCFRS Registration beyond ARENA Trial 

Type Task Timeline 

Technical 

Present the proposed baseline calculations to AEMO to seek 
endorsement on: 

 Distributed metering method and meter specification with 
reference to the MASS metering requirements. 

 Consideration of underlying change of load profile. 
 Consideration of load changes with respect to response of 

DER, such as rooftop solar PV systems. 
 Consideration of how changes from existing or new FCAS 

providers, such as VPPs or load response aggregators will 
be accounted for. 

 Consideration of any other uncertainties or variability in 
FCAS provision. 

Q3 2020 – Q1 2021 

Technical Develop a test plan in consultation with AEMO, conduct the agreed 
test cases and discuss the results from the test plan considering the 

Q4 2020 – Q1 2021 
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Type Task Timeline 

under-frequency events to demonstrate and verify application of the 
baseline calculating method. 

Non-Technical 

Finalise the AEMO’s Application for Registration Market Ancillary 
Service Provider for VCFRS including: 

 Obtaining approval of AEMO to classify load connected to 
the distribution system that it wishes to use to provide 
market ancillary services. 

 Satisfying AEMO that each load referred to in subparagraph 
(1) will be capable of meeting or exceeding the relevant 
performance standards and specifications to AEMO's 
satisfaction. 

Q1 2021 – Q2 2021 

Technical 

Develop all of the required market interfaces, communications and 
telemetry including the use of the timer, FCAS Holdoff, for 
participating in the FCAS market based on pricing signals from 
AEMO. 

Q2 2021 – Q3 2021 

Technical / 
Non-Technical 

Finalise the business case assessment to confirm the minimum 
pricing for participating in the ancillary service markets. Q4 2021 – Onwards 
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7. Business Case Assessment 
Milestone 2 Report mentioned that UE is intending to participate in the ‘Delayed Raise’ and demonstrate a proof of 
concept for ‘Delayed Lower’ (5 minute – R5M and L5M, retrospectively) contingency FCAS markets as part of this 
ARENA-funded trial. This section builds on initial findings and makes further assessment of FCAS revenues for Q2 
and Q3 2020. 

7.1. FCAS Revenue Assessment using Historical Pricing 
The highest prices for the Delayed Raise (R5M) market observed in Q1, Q2 and Q3 (excluding September) 2020 
in Victoria are summarised in Table 7. 

 

Table 7: High Prices for Delayed Raise Market in Victoria – 2020 

Date Time Price ($/MWh/h) 

31 January 2020 05:00 pm 11,150 

01 February 2020 06:30pm 71 

30 March 2020 01:00pm 13 

01 April 2020 12:30pm 18 

01 April 2020 01:30pm 16 

19 May 2020 08:00am 3 

10 June 2020 7:30pm 88 

10 June 2020 8:00pm 16 

21 July 2020 7:00pm 10 

21 July 2020 7:30pm 9 

17 August 2020 6:30pm 7 

 

According to Table 7, the FCAS prices for 2020 have been decreasing for subsequent quarters. However, high 
prices are still occurring during evening peak periods. 

Figure 16 shows a lack of volatility in R5M prices in 2020 compared to previous years. This could be, due to a lack 
of separation events which would have driven the market prices higher. 
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Figure 16: High Historical Monthly Prices for Delayed Raise (5-Minute) Contingency12 

 

UE has demonstrated through baseline calculations discussed in Section 5 that it can deliver 30MW of delayed 
raise contingency FCAS services whilst remaining within the headroom of 9 tap changer (s) operations on average. 
It is not envisioned to go beyond these operational limits as this would incur extra duty on the on-load tap changer 
and have an impact of shortening the maintenance cycle thereby, incurring extra maintenance costs. Within these 
boundaries, two key strategies remain in place for forecasting purposes: 

1. Enabling daily during one 30-minute period that typically (i.e. on average) sees high FCAS pricing - often 
during the half hour ending 17:00, 19:00 or 19:30. 

2. A best case scenario, where UE enables during (and captures with perfect foresight) each daily peak 
FCAS price during one 30-minute period. 

Assuming the best case scenario as the strategy implemented, operating the VCFRS scheme would have resulted 
in hypothetical revenue as depicted in Figure 17 for Q2 2020. The estimated revenue for participating in the R5M 
market show the daily revenue averaged at $17 and totalling at $1,521 for Q2 2020. 

                                                        
12 This figure has log value with January 2020 price as $11,150. 
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Figure 17: Hypothetical FCAS Revenue for 30MW Dispatch in Q2 2020 

 

When compared with Q1 revenue estimates which were at $57,000, Q2 revenues are significantly lower owing to 
the low R5M prices during Q2 of 2020. The decline in FCAS costs is also reported in AEMO’s Quarterly Energy 
Dynamics Reports for 2020 with decreasing prices which is shown in Figure 18. 

 

 
Figure 18: FCAS Costs Decline from Record Highs Based on AEMO Quarterly Energy Dynamics Q2 2020 

Report 

 

The cost reductions in Figure 18 decreased despite FCAS requirements from AEMO increasing as shown in Figure 
19. The cost reductions were a function of: 

 No power system separation events in Q1 2020: The driver for higher FCAS was the 18-day unplanned 
transmission outage caused by a severe storm which occurred on 31 January, resulting in the 
disconnection of the South Australian region, Alcoa Portland aluminium smelter and Mortlake power 

https://aemo.com.au/energy-systems/major-publications/quarterly-energy-dynamics-qed
https://aemo.com.au/energy-systems/major-publications/quarterly-energy-dynamics-qed
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station from the rest of the NEM power system. For Q2 2020, such events which are drivers for high FCAS 
costs due to increased FCAS requirements did not occur. 

 Decreased energy prices: Raise FCAS market prices often move in line with energy prices due to the 
opportunity cost of service provision. As energy prices in Q2 2020 were substantially lower than recent 
quarters this contributed to reduced Raise FCAS prices as shown in Figure 16. 

 Reduction in the price of offers from FCAS providers. 

 

 
Figure 19: FCAS Requirements Increased in 2020 

 

The revenue generated for providing the contingency FCAS services for Q2 2020 compared to historical pricing is 
demonstrated in Figure 20 and Figure 21 for R5M and L5M, respectively. 

 

 
Figure 20: Hypothetical R5M Revenue for 30MW Dispatch – Q2 2020 vs Q2 Previous Years 
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Figure 21: Hypothetical L5M Revenue for 1MW Dispatch – Q2 2020 vs Q2 Previous Years 

 

Q2 revenues from Figure 20 and Figure 21 for FCAS services would have been equal to the values given in Table 
8. As demonstrated in Table 8, there is minimal revenue in participating in the L5M market. Although the revenues 
were lower, it is worth noting that the R5M prices were high during the morning or evening peak price period, further 
confirming the strategy being pursued by UE to generate revenue at set times by either capturing the morning and 
evening peak price periods or just the evening peak price period. 

 

Table 8: Q2 Revenue Summary from Back-Substitution of Best Case Operating Strategy into Historical 
FCAS Data 

Year R5M Revenue L5M Revenue 

2017 Q2 $8,728 $5 

2018 Q2 $27,034 $282 

2019 Q2 $5,689 $30 

2020 Q2 $1,521 $43 

 

7.2. Cost Assessment of On-Load Tap Changer Maintenance 
As aforementioned in Milestone 2 Report, a number of operating strategies were envisaged to generate revenue 
from the FCAS market to offset and minimise the additional costs of on-load tap changer maintenance associated 
with providing the service. As demonstrated in Figure 22, there is a “headroom” of operations that UE can utilise to 
deliver FCAS services with a cap of 25,000 on transformer tap changes over a 4-year cycle before scheduled 
maintenance is required. Under this scenario where UE considers normal operation of the on-load tap changer 
including the provision for FCAS services, it is estimated that the tap changes will be limited to 17 per day. Assuming 
each tap change will cost $1 in scheduled maintenance then, the daily revenue from participating in the Delayed 
Raise (5-minute) contingency market will have to be a minimum of $17 a day or a quarterly revenue of $1,552. 
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Figure 22: Extra Tap Changer Operations with Proposed FCAS Operating Strategy 

 

Analysis of the results in Table 8 demonstrates that for Q2 2020, the R5M and L5M quarterly revenues were below 
the $1,552 threshold to recoup maintenance costs from FCAS services. However, as demonstrated in Milestone 2 
Report, Q1 had estimated revenues of $59,000 for the best case strategy which be used to offset maintenance 
costs in quarterly periods with lower FCAS prices. Furthermore, for periods of sustained high prices such as Friday, 
31 January 2020 (refer to Table 7 and Milestone 2 Report), it would have been possible and viable to perform many 
delayed raise operations and repeatedly dispatch into periods of sustained high R5M prices generating revenues 
up to 10 times than the envisaged strategy of one R5M dispatch per day. If UE can capitalise on these periods with 
sustained high prices with perfect foresight then, the business case in terms of operating expenditure and revenue 
assumptions is certainly justified. It should be noted that such dispatch operations will be subject to acceptable 
bidding practices as seen by AEMO and the AER. 

7.3. Q3 2020 FCAS Revenue Forecasting 
Figure 23 estimates the revenue for Q3 2020 (excluding September 2020). The total estimated revenue for July 
and August for a 30MW dispatch capturing peak R5M prices is $539 which equates to approximately $9/day. As 
discussed in Section 7.2, this would be below the $17/day threshold to recoup maintenance costs. Analysis of 
historical revenues demonstrate that July and August 2020 had low R5M prices at the start with a similar profile as 
2019 R5M revenue estimate with a rise expected to occur in September. 
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Figure 23: Hypothetical R5M Revenue for 30MW dispatch – Q3 2020 vs Q3 Previous Years 

 

Q3 revenues from Figure 23 and Figure 24 for FCAS services would have been equal to the values given in Table 
8. As demonstrated in Table 8, there is minimal revenue in participating in the L5M market. 

 

 
Figure 24: Hypothetical L5M Revenue for 30MW Dispatch – Q3 2020 vs Q3 Previous Years 
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Table 9: Q3 Revenue Summary from Back-Substitution of Best Case Operating Strategy into Historical 
FCAS Data 

Year R5M Revenue L5M Revenue 

2017 Q3 $14,602 $8 

2018 Q3 $26,632 $8 

2019 Q3 $5,542 $21 

2020 Q3 (excluding September) $539 $36 

 

7.4. Actual UE Dispatch Events 
A number of FCAS events triggered the response of UE’s VCFRS in the contingency FCAS market (R5M and L5M 
only) during Q2 2020 and partially Q3 2020 (excluding September) as listed in Table 1. The R5M pricing during 
these dispatch periods was significantly lower than seen in previous years (refer to Figure 16) with revenue 
projections very minimalistic for Q3 2020 as demonstrated in Figure 25. 

 

 
Figure 25: Actual Revenue for the Actual FCAS Dispatches by UE’s Voltage-Controlled Frequency 

Regulation System (excluding September) 

 

7.5. Conclusion 
In summary, the findings presented reinforce the commercial need for FCAS to be traded by UE at times of high-
price events (i.e. significant under-frequency occurrences). Despite the low R5M prices during Q2 2020, there 
remains a business case for participating in the delayed raise contingency market. To this end, data analysed using 
historical figures support that the generated FCAS revenue can be used to offset maintenance costs for the on-load 
tap changers, provided there remains sufficient FCAS price volatility in the market. 
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A timer has been introduced to the DVM application which assists the VCFRS scheme to manage any delays 
between consecutive operations. This timer, FCAS Holdoff, can be deployed for participating in the FCAS market 
based on pricing signals from AEMO. 
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8. Lessons Learnt from Work Development 
This section summarises the lessons learnt from implementing, testing and operationalising different components 
of the VCFRS scheme. 

8.1. SCADA Enhancements 
Table 10 provides a summary update on the defects which were described in Milestone 2 Report. 

 

Table 10: Lessons Learnt from Enhancing SCADA Application 

Identified Defect Proposed Resolution Identified Defect Proposed Resolution Status 

While the DVM application was running in 
the “Demand Reduction” mode, due to 
receiving an under-frequency event, when 
it received an over-frequency events during 
the FCAS period, it reverted all of the 
controlled stations from the “Demand 
Reduction” to V99% mode. 

As per the expectations, over-frequency 
events should only ever be processed if the 
DVM application and the “Demand 
Reduction” mode are both Enabled 
manually by the NCC Controller. 

When the DVM application and FCAS 
mode are both Enabled and the threshold 
of “Under-Frequency” events (from at 
least 3 out of 6 frequency sensing relays) 
is reached, all of the controlled stations 
should be switched from Enabled to the 
“Demand Reduction” mode and remain in 
this mode for the entire FCAS period 
(maximum operated time = 10 minutes) 
regardless of the status of triggering 
events, over/under-frequency, generated 
by the frequency sensing relays in the 
field. 

Resolution 
implemented. 
Defect is rectified 
now. 

When the DVM application and the 
“Demand Reduction” mode are both 
Enabled manually by the NCC Controller, 
all of the controlled stations were switched 
to the “Demand Reduction” mode. 

Then, when the threshold of “Over-
Frequency” events (from at least 3 out of 6 
frequency sensing relays) was reached, all 
of the controlled stations were switched 
back to “Enabled”. Also, both 
“DVMApplication” and “FCAS Monitoring” 
digital points were switched to the “Over-
Frequency Operated” mode and remained 
in this mode for the entire FCAS period 
(maximum operated time = 10 minutes). 

After the FCAS Holdoff timer was cleared, 
the DVM application should have checked 
for “Over-Frequency” event again and if the 
threshold of 3 was no longer valid, all of the 
controlled stations would have been 
switched back to the “Demand Reduction” 
mode. 

However, they stayed in Enabled state, 
even “DVMApplication” and “Demand 
Reduction” digital points were still Enabled 
and one of the over-frequency events 

At the end of the FCAS operation (10 
minutes), all of the controlled stations 
should revert back to the original state 
(Demand Reduction). 

If over-frequency 
events drop off 
then, all stations 
should revert to the 
original state. If not 
then, it will remain 
in over-frequency 
operated mode for 
another 10 minutes 
or maximum 
operated time. 
Defect has been 
closed. 
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Identified Defect Proposed Resolution Identified Defect Proposed Resolution Status 

dropped off (threshold of 3 over-frequency 
was not valid anymore). 

It should be noted that the 
“DVMApplication” and “FCAS Monitoring” 
digital point seemed to be propagating 
correctly during the test as described and it 
was the station DVM status which was not 
updated from Enabled to “Demand 
Reduction”. 

Frequency triggers were not being 
evaluated immediately after the driver for 
the DVM application was restarted. Below 
is the test scenario which was conducted to 
evaluate this: 

a. FCAS to be Enabled. 
b. Threshold of “Under-Frequency” 

events (from at least 3 out of 6 
frequency sensing relays) to be 
reached. 

c. All “Station DVM Status” and 
“Trans DVM Mode” digital points 
to be updated to “Demand 
Reduction” for the entire FCAS 
period (maximum operated time = 
10 minutes). 

d. Restart the DVM driver. 
e. After the application restart hold-

off timer is cleared, if the 
threshold of under-frequency 
events (from at least 3 out of 6 
frequency sensing relays) is still 
valid, all “Station DVM Status” and 
“Trans DVM Mode” digital points 
to be switched to “Demand 
Reduction” and remain in this 
mode for the entire FCAS period. 

However, “Station DVM Status” and “Trans 
DVM Mode” digital points remained 
“Enabled”. 

It appeared that the DVM application lost 
counts of the number of under-frequency 
events due to the driver restart and did not 
evaluate the frequency triggers again until 
a new frequency event was received. 

After the application restart hold-off timer 
is cleared, the DVM application should 
check for the under-frequency triggering 
condition and if the condition is still valid, 
“Station DVM Status” and “Trans DVM 
Mode” digital points should remain in the 
“Demand Reduction” mode for the 
controlled stations. 

Resolution 
implemented. 
Defect is rectified 
closed. 

When the FCAS Holdoff timer was set to 0, 
the DVM application provided unpredicted 
result at the end of the FCAS operation (10 
minutes) while the under-frequency 
triggering condition remained unchanged. 

At the end of maximum operation time of 
10 minutes (when the FCAS Holdoff timer 
is 0), the DVM application should check 
for the under-frequency triggering 
condition and if the condition is still valid, 
“Station DVM Status” and “Trans DVM 

Resolution 
implemented. 
Defect is rectified 
now. For more 
information, refer to 
Table 11. 
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Identified Defect Proposed Resolution Identified Defect Proposed Resolution Status 

Below is the test scenario which was 
conducted to evaluate this: 

a. Threshold of “Under-Frequency” events 
(from at least 3 out of 6 frequency sensing 
relays) to be reached. 

b. All “Station DVM Status” and “Trans 
DVM Mode” digital points to be updated to 
“Demand Reduction” for the entire FCAS 
period (maximum operated time = 10 
minutes). 

c. After the FCAS Holdoff timer was 
cleared, if the threshold of under-frequency 
events (from at least 3 out of 6 frequency 
sensing relays) is still valid, all “Station 
DVM Status” and “Trans DVM Mode” 
digital points to remain in the “Demand 
Reduction” mode for another 10 minutes. 

It was observed that some “Station DVM 
Status” digital points were switched to 
Enabled while some others remained in the 
“Demand Reduction” mode. 

Mode” digital points should remain in the 
“Demand Reduction” mode for the 
controlled stations. 

 

The DVM application did not function 
correctly when the manual “Demand 
Reduction” mode was used. This mode 
was expected to operate in the opposite 
way as the “FCAS/Under Frequency” 
Mode, but it did not: 

a. The revert threshold did not 
operate properly. It looked like 
that it was not used at all in the 
manual “Demand Reduction” 
mode. 

b. All “Station DVM Status” and 
“Trans DVM Mode” digital points 
did not propagate correctly. 

At the end of maximum operation time of 
10 minutes (when the FCAS Holdoff timer 
is 0), the status for all of the controlled 
stations should revert to the previous 
state. 

Resolution 
implemented. 
Defect is rectified 
now. 

Operation of the FCAS capability, disabling 
the FCAS mode and status of other 
relevant parameters including Maximum 
Operated Timer (10 minutes) were not 
clear when the DVM application was 
operating in Emergency Stage 2. 

It was proposed to dress the 
”DVMApplication” and “FCAS Status” 
digital points from Enabled to Disabled. 

Implementing this operational logic will 
result in deactivating the FCAS mode 
when it completed its current cycle in 
which all of the “Station” and “DVM 
Status” points remained in “Demand 
Reduction” until the 10-minute timer 
expired. 

Resolution is now 
considered as 
normal operating 
procedure. Defect 
has been closed. 

Manually changing the status of the 
“Demand Reduction” digital points from 
Disabled to Enabled during the FCAS 

This aligns with the expectations as the 
“Demand Reduction” mode should take 
precedence over the FCAS mode and 

Resolution 
implemented. 
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Identified Defect Proposed Resolution Identified Defect Proposed Resolution Status 

dispatch time deactivated the FCAS mode 
immediately which consequently, all of the 
“Station” and “DVM Status” points were 
changed from Demand Reduction to 
Enabled. 

keeps all of the station DVMS status 
points in Demand Reduction Mode. 

Defect is rectified 
now. 

Manually changing the status of the DVM 
application, the “DVMApplication” digital 
point, from Enabled to Disabled 
deactivated the FCAS mode immediately. 
However, if the status of the 
“DVMApplication” digital was Enabled 
again, it would change the status of all 
“Station” and “DVM Status”’ digital points 
back to their previous states which was 
“Demand Reduction”. This behaviour was 
not aligned with the expectations. 

It was agreed when “Demand Reduction” 
is in “Manual” state and when the DVM 
application is restarted, the state for all 
stations will revert back to “Manual” state 

Operation 
procedure is to 
disable “Demand 
Reduction” before 
disabling DVM 
application. When 
re-enabling DVM 
application, all 
station will switch 
back to their 
previous estates 
(would be enabled 
or disabled). 

Status of the “Station DVM Status” and 
“Trans DVM Mode” digital points was not 
clear (could be either Disabled or Enabled) 
when the DVM driver was restarted. It was 
observed that all of the “Station DVM 
Status” and “Trans DVM Mode” digital 
points were updated as Disabled. 

Restarting the DVM application results in 
losing the application memory and the 
application would should Disable all of 
the “Station DVM Status” and “Trans 
DVM Mode” digital points to mitigate any 
associated operational risks. 

This issue has been 
resolved. Restarting 
the DVM Driver will 
not change "Station 
DVM Status" and 
"Trans DVM Mode". 

 

As seen in Table 11, dashboard view for the under-frequency event occurred on 25 July 2020 shows the status of 
commands generated by the NAP at the end of the 10-minute dispatch (when the FCAS Holdoff timer is 0). The 
previously reported defect where the DVM application provided unpredicted results at the end of the FCAS operation 
(10 minutes) has been resolved. As demonstrated through status of commands, the DVM application checked for 
the under-frequency triggering condition and as the condition was no longer valid, “Station DVM Status” is now back 
to normal mode of “Enabled’. 

 

Table 11: Dashboard Report for Under-Frequency Event Occurred on 25 July 2020 

Date/Time Location Description State 

25/07/2020 18:42:12.020 UEMG DVM Application FCAS Monitoring Frequency Normal 

25/07/2020 18:42:12.020 UEMG DVM Application FCAS Holdoff Operated 

25/07/2020 18:42:12.020 UEMG DVM Application FCAS Holdoff Cleared 

25/07/2020 18:42:12.051 BH Station DVM Status Enabled 

25/07/2020 18:42:12.067 BR Station DVM Status Enabled 

25/07/2020 18:42:12.082 BT Station DVM Status Enabled 

25/07/2020 18:42:12.098 BU Station DVM Status Enabled 
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Date/Time Location Description State 

25/07/2020 18:42:12.113 BW Station DVM Status Enabled 

25/07/2020 18:42:12.129 LWN Station DVM Status Enabled 

25/07/2020 18:42:12.145 CDA Station DVM Status Enabled 

25/07/2020 18:42:12.160 MR Station DVM Status Enabled 

25/07/2020 18:42:12.176 EB Station DVM Status Enabled 

25/07/2020 18:42:12.192 SV Station DVM Status Enabled 

25/07/2020 18:42:12.207 SVW Station DVM Status Enabled 

25/07/2020 18:42:12.223 CRM Station DVM Status Enabled 

25/07/2020 18:42:12.238 CFD Station DVM Status Enabled 

25/07/2020 18:42:12.254 CM Station DVM Status Enabled 

25/07/2020 18:42:12.270 DC Station DVM Status Enabled 

 

8.2. NAP Improvements 
Figure 26 shows the average and maximum round-trip times before and after the ICCP cutover from .xml to SCADA 
with an improvement clearly seen post the ICCP cutover. According to Figure 26, the ICCP times are the difference 
between when the NAP recommendations were placed in the outbound table and when they were actioned and 
feedback from the ICCP interface. It can be seen that post the ICCP cutover, there is an improvement in trip time 
due less steps required compared to control process pre-ICCP cutover. 
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Figure 26: Impact of Implementing the NEW SCADA and NAP Interface, ICCP, on VCFRS Response Time 

 

Table 12 provides an update to the lists of defects and their resolutions which were identified in Milestone 2 Report 
and implemented when the NAP application was modified to improve the response time of 5 minutes to deliver the 
FCAS services. 

 

Table 12: Lessons Learnt from Improvement Network Analytics Algorithm 

Identified Defect  Proposed Resolution Status 

It was identified that when large quantities 
of data were transferred via ICCP, the NAP 
application was seen to take longer than 3 
minutes to process the data. 

As an interim solution, the 
"DbActionTransactionLimit" on the ICCP 
NAP client was changed from 500 to 50. 

Permanent resolution is to review the NAP 
database functions and performance issues, 
to ensure the NAP application can process 
bulk updates of data from the SCADA 
application in a timely manner. 

It is also planned to review the issue during 
implementation the ICCP interface. 

Resolution 
implemented. 
Defect is 
rectified now. 

The NAP application started sending out 
the recommendations around 2 minutes 
late after receiving the station “Demand 

Enhancements in the NAP and SCADA 
applications are expected to enable shorter 
times between recommendations. 

Resolution 
implemented. 
Defect is 
rectified now. 
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Identified Defect  Proposed Resolution Status 

Reduction” statuses from the SCADA 
application. 

Up to 90-second delays were observed 
after the NAP application generated the 
recommendations and before, they 
appeared on the NAP server for the 
SCADA application to collect. 

Implementing ICCP is expected to resolve 
this issue. 

Resolution 
implemented. 
Defect is 
rectified now. 

NAP for some unknown reason was 
switched to the “Demand Reduction” mode 
for the 2nd time after the “Demand 
Reduction” mode was completed in the 
SCADA application. 

It was noticed that the NAP application 
recommended two different actions for the 
same event captured 

After investigating this issue, it was found 
that the OSI PI interface pushed old tags into 
the NAP application. This issues was then 
rectified. 

Resolution 
implemented. 
Defect is 
rectified now. 

A few number of zone substations did not 
receive any recommendations from the 
NAP application vis the SCADA application 
during the FCAS dispatch period (10 
minutes). 

Master control failures are an existing issue 
that have magnified over the process of the 
DVM application and the FCAS mode being 
enabled. 

It is expected that installing transducers at 
the zone substations will resolve this issue. 

Open, work is in 
progress. 

 

Table 13 also summarises the issues which were identified in Milestone 2 Report and rectified during implementing 
the ICCP interface. 

 

Table 13: Lessons Learnt from Implementing the ICCP Interface 

Identified Defect  Proposed Resolution Status 

Some of the voltage recommendations 
generated by the NAP application took 
longer than 2 minutes to complete by the 
DVM application (dvmproc). 

As an interim solution, The DVM worker 
threads was from 3 to 10. 

Permanent resolution is to review and 
investigate why some RTUs sending the 
back indications late to the SCADA 
application. 

Resolution 
implemented. 
Defect is 
rectified now. 

An 18-minue delay for data transfer via the 
OSI PI interface was observed. 

It was known that there would be time delays 
related to data transfer via the OSI PI 
interface. Hence, it is expected that 
implementing the ICCP interface will resolve 
this time lag issue. 

Resolution 
implemented. 
Defect is 
rectified now. 

 

 

  



 

Voltage Controlled Frequency Regulation System – Final Report   |   24.11.20 43 

9. Knowledge Sharing Activities 
Since the last milestone report, UE has participated in the following events and shared the learnings of this project 
with the broader industry: 

 CitiPower/Powercor and UE Future Network Workshop – Enable a Network that Meets Customer’s Needs 
on 26th June 2020. 

 1st The South East Councils Climate Change Alliance (SECCCA) Regional Emissions Reduction 
Stakeholder Workshop on 14th July 2020. 

 AGL and UE Knowledge Sharing Workshop on DVMS Operation on 18th August 2020. 

 4th Australian Distribution Future Network Forum Workshops hosted by Western Power on 10th-11th 
September 2020. 

 Presentation on “Managing Electricity Demand Through Smart Solutions” at Engineers Australia Webinar 
on 1st October 2020. 

 Presentation on “Voltage-Controlled Frequency Regulation System” at the Electric Energy Society of 
Australia Conference 2020 (EECON 2020) on 24th-25th November 2020. 

 Updated the knowledge sharing webpage on the UE website for the purposes of sharing our project 
performance reports and provided input into the ARENA knowledge sharing insights website content. 

 

 

 

 

  

https://www.unitedenergy.com.au/united-energys-demand-respond-results-for-summer-2017-2018/
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10. Glossary of Terms 
The following terms are referenced within this document: 

Term Description 

AEMO Australian Energy Market Operator 

ARENA Australian Renewable Energy Agency 

DR Demand Response 

DVMS Dynamic Voltage Management System 

FCAS Frequency Control Ancillary Services (FCAS) 

HV High Voltage 

LV Low Voltage 

L5M Delayed Lower 5 minute 

MW Mega Watt 

NAP Network Analytics Platform 

NCC Network Control Centre 

NEM National Electricity Market 

OLTC On-Load Tap Changer 

PV Photo-voltaic 

R5M Delayed Raise 5 minute 

SCADA Supervisory Control and Data Acquisition 

UE United Energy 

VCFRS Voltage Controlled Frequency Regulation System 
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11. Appendix A – Supplementary Information on 
Baseline Calculations 

 

 
Figure 27: Polynomial Regression of Order 2 to Calculate Baseline for the Under-Frequency Event 

Occurred on 19 May 2020 

 

 
Figure 28: Polynomial Regression of Order 3 to Calculate Baseline for the Under-Frequency Event 

Occurred on 19 May 2020 
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Figure 29: Polynomial Regression of Order 4 to Calculate Baseline for the Under-Frequency Event 

Occurred on 19 May 2020 

 

 
Figure 30: Polynomial Regression of Order 5 to Calculate Baseline for the Under-Frequency Event 

Occurred on 19 May 2020 
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Figure 31: Polynomial Regression of Order 6 to Calculate Baseline for the Under-Frequency Event 

Occurred on 19 May 2020 
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12. Appendix B – Supplementary Information on 
ICCP Response Time 

To demonstrate the impact of implementing ICCP on response time of the VCFRS scheme, the under-frequency 
events which occurred on 18 September 2020 and summarised in Table 14 are considered here. 

 

Table 14: Under-Frequency Events Recorded by Frequency Sensing Relays – 18 September 20202 

Date Time Frequency at Triggering Time 

Friday, 18 September 2020 09:19am – 09:29am 49.76Hz 

Friday, 18 September 2020 01:23pm – 01:33pm 49.78Hz 

 

Figure 32 shows the time period from receiving the FCAS trigger by NAP to switch to “Demand Reduction” mode 
until the end of tap changes feedback from zone substation transformers during the under-frequency events. This 
figure shows a cumulative percentage of transformers switching to the “end” state over the window (between 60 
and 600 seconds). 

 

 
Figure 32: Response Time of VCFRS Scheme – Under-Frequency Events on 18 September 2020 

 

Below is a breakdown of the under-frequency events by each part of the overall timing. Each part is made up of the 
time between: 

 DemRed tag arriving to first voltage recommendation sent, 
 First voltage recommendation sent to feedback being received from the interface, 
 Feedback received until first transformer tap change feedback, and 
 First transformer tap change to last tap change in the “DemRed” window. 

Figure 33 and Figure 34 show the response time of each zone substation transformer for the events occurred on 
18 September 2020, respectively. 
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Figure 33: Response Time of Zone Substation Transformers for Under-Frequency Event – 18 September 

2020 (Morning Event) 

 

 
Figure 34: Response Time of Zone Substation Transformers for Under-Frequency Event – 18 September 

2020 (Afternoon Event) 

 

 


