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About AusNet Services
AusNet Services is a major energy network business that owns and operates key regulated
electricity transmission and electricity and gas distribution assets located in Victoria, Australia.
These assets include:
•

A 6,574 kilometre electricity transmission network that services all electricity consumers
across Victoria;

•

An electricity distribution network delivering electricity to approximately 680,000
customers in an area of more than 80,000 square kilometres of eastern Victoria; and

•

A gas distribution network delivering gas to approximately 572,000 customer supply
points in an area of more than 60,000 square kilometres in central and western Victoria.

AusNet Services’ purpose is ‘to provide our customers with superior network and energy
solutions.’ The AusNet Services company values are:
•

We work safely

•

We do what’s right

•

We’re one team

•

We deliver

For more information visit: www.ausnetservices.com.au
Contact
This document is the responsibility of the Regulated Energy Services business of
AusNet Services. Please contact the indicated owner of the document below with any inquiries.
Kelvin Gebert
AusNet Services
Level 31, 2 Southbank Boulevard
Melbourne Victoria 3006
Ph: (03) 9695 6000
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1 Introduction and overview
AusNet Services has actively and constructively participated in all of the many relevant bushfire
safety processes undertaken by successive Victorian Governments since 2009, working with
the Australian Energy Regulator (AER) as required. We have a strong record in delivering
significant reductions in bushfire risk on our network across a range of programs at a
reasonable cost to electricity customers. Bushfire risk reduction is a key focus of our business.
The Victorian Government has introduced new bushfire mitigation regulations to reduce the
likelihood that fires are initiated by distribution electricity networks.
The regulations require that each polyphase electric line originating from a list of selected zone
substations must have the following capability in the event of a phase to ground fault:
To reduce the voltage on the faulted conductor in relation to the station earth when
measured at the corresponding zone substation for low impedance faults to —
(i) 1900 volts within 85 milliseconds; and
(ii) 750 volts within 500 milliseconds; and
(iii) 250 volts within 2 seconds. 1

For AusNet Services, the regulations require each polyphase electric line originating from
22 selected zone substations to comply with the mandated performance standards by
1 May 2023.
The Electricity Safety (Bushfire Mitigation) Amendment Regulations 2016 (the REFCL
Regulations), set highly challenging performance standards at 22 zone substations. In the
accompanying Statement of Reasons the Victorian Government noted that “the REFCL
performance specifications stated in the regulations constitute a level of sensitivity and speed
for network protection not previously seen in Victoria.”
AusNet Services has advised the Government on numerous occasions that the hugely
ambitious REFCL timeframe and performance standard are inconsistent with the technological,
operational and commercial challenges that exist in relation to the REFCL program and the
likely outcome will be higher costs to consumers.
The new performance standards were informed by detailed analysis and testing, including
through independent trials, which examined the effectiveness of Rapid Earth Fault Current
Limiters (REFCLs) in reducing bushfire risk. Currently, the installation of REFCLs at the
relevant zone substations is the only technically feasible solution that is capable of meeting the
performance standards specified in the regulations.
The REFCL installation program is a major network augmentation, which will be conducted in
three Tranches. As such, it is subject to the regulatory investment test for distribution (RIT-D) in
accordance with the Rules. The objective of the RIT-D is to identify the credible option for
addressing a network need that maximises the net market benefit. In broad terms, the RIT-D
achieves this objective by requiring the distributor:
•

to undertake cost benefit analysis in accordance with the Rules and the AER’s published
RIT-D and guidelines; and

•

to consult with Registered Participants, AEMO, interested parties and non-network
providers.

A key part of the RIT-D process is the consideration of non-network alternatives. In particular,
the Rules require the distributor to publish a “non-network options report” to screen for nonnetwork options, unless the distributor determines that there will be no credible non-network

1

Other performance requirements are also specified in the definition of ‘required capacity’ in the Electricity Safety (Bushfire
Mitigation) Amendment Regulations 2016.
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options. In these circumstances, the distributor must publish a notice setting out the reasons for
its determination, including any methodologies and assumptions it used in making its
determination2.
This document is AusNet Services’ notice of its determination that there are no credible nonnetwork options to the proposed works to undertake Tranche 1 of the REFCL installation
program. In summary, our reasoning for concluding that there are no feasible non-network
solutions are:
1. The installation of REFCLs is the only technically feasible solution currently available that is
capable of satisfying the performance requirements specified in the Bushfire Mitigation
Regulations.
2. The proposed capital works on AusNet Services’ distribution network (and associated
operating expenditure) are required to ensure that:
 REFCL operation does not compromise the safety and reliability of AusNet Services’
distribution network; and
 AusNet Services continues to comply with the Victorian Electricity Distribution Code
(the Code), so that safety is not compromised.
3. As the proposed capital works address the impact of REFCL operation on our distribution
network and its service performance, non-network solutions cannot provide an effective
substitute for the proposed capital works.
In accordance with the Rules requirements, we note that these reasons are not dependent on
any particular assumptions or methodologies.
The only potential non-network component relates to the possible substitution of capital works
that are required to maintain compliance with the Code. However, the potential for a nonnetwork solution in relation to these works depends on a change to the current Code provisions
regarding voltage variations at HV customers’ supply points.
The Essential Services
Commission has advised that it does not intend to amend the Code at this time, nor will the ESC
provide a letter of no action covering REFCL-related voltages outside the limits of the current
Code. In fact, the ESC directed AusNet Services to ensure we continue to report all breaches of
the Code..
On top of this, the Electricity Safety Amendment (Bushfire Mitigation Civil Penalties Scheme) Bill
2017 (the Penalties Bill) is currently before the Victorian Parliament. The Penalties Bill
introduces a draconian regime for Victorian electricity distributors if they fail to comply with the
standards and timeframes in the REFCL Regulations.
AusNet Services will continue to work with the Essential Services Commission and the Victorian
Government to minimise the costs of compliance in Tranches 2 and 3 of the REFCL installation
program. However, for Tranche 1 capital works, under the current regulatory framework,
AusNet Services has reasonably concluded that there are no credible non-network options.
It should be noted that the REFCL installation program is a ‘contingent project’ for the purposes
of cost recovery. AusNet Services will therefore be submitting a contingent project application
to the Australian Energy Regulator (AER). This regulatory process is separate to the RIT-D,
although we expect the contingent project application will address many of the RIT-D
requirements.
The remainder of this notice provides further background information on the REFCL installation
program.

2

National Electricity Rules, clauses 5.17.4(c) and (d).
5 / 15

AusNet Services

2 Background to the REFCL installation program
2.1

Electricity Safety (Bushfire Mitigation) Amendment Regulations 2016

AusNet Services’ network operates in a unique geographical location, which is exposed to
extreme bushfire risk. These conditions warrant significant investment to mitigate the bushfire
risk.
Figure 1: AusNet Services’ extreme bushfire risk

.
The 2009 Victorian Bushfire Royal Commission made several recommendations with respect to
fires initiated from distribution electricity networks. Recommendation 27 called for new
technology that delivered greatly reduced bushfire risk, being applied to all overhead conductors
(SWER and 22kV powerlines) in high bushfire risk areas. The Royal Commission also
suggested that an expert taskforce be established to advise on the best means of achieving the
intent of this recommendation.
The subsequent Powerline Bushfire Safety Taskforce made its report to Government in
September 2011. The Taskforce’s report indicated that the optimal means of reducing bushfire
risk from SWER and 22kV powerlines was a mixture of powerline replacement, automatic circuit
reclosers (ACRs) on SWER lines and the selective installation of Rapid Earth Fault Current
Limiters (REFCLs).
The Taskforce also identified the need for further research and
development, particularly as REFCLs had not been used for bushfire suppression previously.
In December 2011, the Government accepted the Taskforce’s recommendations, and
established the Powerline Bushfire Safety Program to determine the optimal method for
deploying REFCLs for bushfire prevention. Following the completion of this research program,
the Government introduced Electricity Safety (Bushfire Mitigation) Amendment Regulations
2016 (the regulations).
As already noted in section 1, the regulations require that each polyphase electric line
originating from a list of selected zone substations must have the following capability in the
event of a phase to ground fault:
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To reduce the voltage on the faulted conductor in relation to the station earth when
measured at the corresponding zone substation for low impedance faults to —
(iv) 1900 volts within 85 milliseconds; and
(v) 750 volts within 500 milliseconds; and
(vi) 250 volts within 2 seconds. 3

For AusNet Services, the regulations require each polyphase electric line originating from
22 selected zone substations to comply with the mandated performance standards by
1 May 2023, according to milestones specified in the regulations. The Victorian Government
has also introduced legislation that applies draconian financial penalties if service performance
in accordance with the timetable is not met.
Further information on AusNet Services’ proposed REFCL installation program is provided in
section 3.1.

2.2

Technology selection

The regulations prescribe a performance standard that AusNet Services’ network must satisfy,
rather than specifying a particular technological solution. However, the outcome-based
performance standard was based on the REFCL trials conducted by the Powerline Bushfire
Safety Program (PBSP), as explained below:
“PBSP conducted a series of world-first trials of Rapid Earth Fault Current Limiter (REFCL)
technology for use on electricity networks to reduce fire risks on bare-wire overhead
powerlines.
[…]
Through this research, the Victorian Government and electricity distribution businesses
identified and confirmed new fault detection and suppression standards required to
significantly lower the risks that 22kV powerlines will start bushfires in worst bushfire risk
conditions. These standards are now in force from the 1 May 2016 commencement of the
Electricity Safety (Bushfire Mitigation) Amendment Regulations.” 4

The Victorian Government also highlighted the superior performance of the REFCL technology
in its factsheet ‘REFCL – Introducing best knowledge and technology’:
“In a series of world-first trials, the Victorian Government together with the electricity
distribution businesses and research experts demonstrated that REFCLs can suppress arcinduced bushfire ignitions from wire-to-earth faults on 22kV powerlines.
The technology was successfully tested under worst-case bushfire conditions, confirming
critical fault detection and suppression standards, which are necessary to stop downed
powerlines from starting bushfires, and further determining the optimal safety settings of
these devices to reduce the risk of powerlines-started fires.
The test program demonstrated that REFCLs provide over 10-times better protection than
the current best network protection technology.
These standards were mandated for 22 kV powerlines proceeding from 45 zone substations
by the Government’s 1 May 2016 amendments to the Electricity Safety (Bushfire Mitigation)
Regulations.”5

Manifestly, the Government’s expectation is that REFCLs will be installed in response to the
performance standard. While AusNet Services remains open to using alternative technologies
to meet the performance standard, no such technologies are available today. In addition, given

3

Other performance requirements are also specified in the definition of ‘required capacity’ in the Electricity Safety (Bushfire
Mitigation) Amendment Regulations 2016.

4

`

Department of Environment, Land, Water and Planning, Investing in new technology, research and development.

5

`

Department of Environment, Land, Water and Planning, REFCL – Introducing best knowledge and technology.
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the tight timeframes for meeting the standard, the installation of REFCLs is the only feasible
technological solution.
In reaching this conclusion, we note that the data and experience gained through recent trials
have greatly assisted the industry in developing an understanding of the capabilities of REFCL
technology and the challenges in modifying current distribution networks to achieve the benefits
of bushfire risk reduction. The newness of the technology – which originated from a University
project – single source supply, and first time application for the intended purpose, indicates the
challenges for the project to achieve the desired outcomes.
In summary, while the regulations do not mandate the installation of REFCL technology
specifically, in practice this is the only technically feasible solution currently available that could
comply with the performance standard.

2.3

How does REFCL technology work?

The REFCL is a type of electricity network protection device, which is designed to minimise the
fault current (energy) dissipated from phase to earth (wire to ground) faults on the 22kV network
in order to reduce the risk of fire ignition associated with network incidents, as shown below.
Figure 2: How does REFCL technology work?

REFCL technology operating at the required performance standard will minimise the risk of fire
ignition associated with phase to ground faults on days of heightened fire danger such as those
experienced on Ash Wednesday and Black Saturday. Based upon a sample period of network
fault data, analysis undertaken by the Government and CSIRO predict network fire related
incidents associated with the nominated zone substations may be reduced by between 50-55%.
A REFCL operates when a single phase-to-earth fault occurs. Its operation causes the phase
voltage of the faulted phase to be reduced to near earth potential (zero volts), thereby working
to eliminate the flow of fault current. To achieve this outcome, the REFCL is tuned to the
inductance of the electrical network. This compensation results in phase to ground voltage on
the faulted phase reducing to near 0 volts. The healthy phases could rise from 12.7kV to
24.2kV, being 22kV plus 10 per cent.
While the REFCL is compensating for a fault, the healthy phases remain energised and
customers remain on supply. However, there remains a risk that the energised phases may be
in an unsafe condition depending on the nature of the network fault. Accordingly, a maximum
compensating period will apply, which may be varied subject to a detailed risk assessment.
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The REFCL technology is made up of 3 main components:
•

Arc Suppression Coil – also known as a large inductor, which compensates for the
leakage current during an earth fault.

•

Residual Current Compensator – also referred to as the inverter, which is located in the
zone substation control building or switchroom. It is used to reduce fault current by
compensating for the active current during an earth fault

•

Control Panels, which controls the equipment.

Figure 3: Three components to REFCL technology

The figure below shows the significant benefits of REFCL technology in terms of reductions in
energy released following a fault.
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Figure 4: Benefits of REFCL technology

The figure shows the results of Woori Yallock (WYK), where the first REFCL was installed on
AusNet Services’ network. It illustrates that REFCL technology is superior to earlier
technologies in reducing bushfire risk. For this reason, the selective installation of REFCLs is
now underpinned by the Bushfire Mitigation Regulation.
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3 Proposed capital works and application of the RIT-D
3.1

Timing and scope of capital works

AusNet Services is undertaking the REFCL implementation in three tranches of work, which is
consistent with the milestones prescribed in the regulations. The regulations attribute points to
each zone substation, as illustrated below, with higher points allocated to those zone
substations where REFCL installations will have the greatest benefit in terms of mitigating fire
risk.
Figure 5: REFCL Location and Timing of Implementation

AusNet Services has already installed a first REFCL at Woori Yallock (shown in green).
However, a second REFCL is required in order to comply with the performance standards in the
regulations.
The operation of a REFCL places the network electrical protection at an enhanced level of
sensitivity and speed of operation which will interrupt the affected feeder following a period of
compensation. The speed and sensitivity means that traditional protection schemes distributed
along a feeder will not operate as they normally would to detect and isolate a faulted section of
the network.
As a consequence, the proposed capital works extend beyond the immediate confines of the
zone substation to ensure that the network continues to operate safety and reliably and AusNet
Services maintains compliance with its Code obligations.
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The REFCL project therefore involves five capital expenditure workstreams, described below:
•

Zone substation works
Includes: REFCL installation and associated equipment within the zone substation. It
also includes the replacement of assets that fail during network hardening tests of the
relevant high voltage network.
Reason: In addition to installing the REFCL, additional works are required because the
REFCL technology is based on a different earthing philosophy. It is essential that the
zone substation operates safety and reliability in the new environment.

•

Network Balancing
Includes: Initially desktop and field modelling work following by: capacitor bank
installations, third phase installations and re-phasing long single phase lines.
Reason: Long single phase (two-wire) spurs teed off three-phase lines can create
significant capacitive imbalance. Fire risk reduction relies on minimal capacitive
imbalance on switchable sections of the network.

•

Line Hardening
Includes: Surge Arrestors and potential underground cable replacements.
Reason: When an earth fault occurs, the REFCL response creates voltage stress on line
equipment connected to un-faulted phases, which can lead to a second fault. In the
absence of line hardening, the REFCL installation would increase fire risk rather.

•

Compatible Equipment
Includes: Automatic Circuit Reclosers (ACR), Voltage Regulators and Capacitor Bank
replacements.
Reason: Some widely utilised line equipment cannot be used with REFCLs. This is
separate to line hardening, which is solely concerned with line equipment’s over-voltage
withstand capability.

•

Distribution Code compliance
Includes: The installation of isolating transformers to manage voltage increases at HV
customer sites.
Reason: To ensure that AusNet Services maintains compliance with the maximum
permissible voltage variations specified in the Code. Non-compliance with the Code
requirements would have unacceptable safety and reliability implications for HV
customers and for the network.

In addition to these capital works, the project will also entail expenditure for reliability
maintenance and an incremental increase in AusNet Services’ operating expenditure.

3.2

Screening for credible non-network options

The Rules require distributors to apply the regulatory investment test for distribution (RIT-D) to
all capital expenditure projects, with the exception of projects that are excluded by clause
5.17.3(a). The REFCL project does not benefit from an exclusion and therefore is subject to the
RIT-D.
The purpose of the RIT-D is to identify the credible option for addressing a network need that
maximises the net market benefit. It achieves this purpose by requiring the distributor:
•

to undertake cost benefit analysis in accordance with the Rules and the AER’s published
RIT-D and guidelines; and

•

to consult with Registered Participants, AEMO, interested parties and non-network
providers.
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In applying the RIT-D, the distributor is required to publish a ‘non-network options report’ to
screen for lower cost non-network options, unless the distributor reasonably determines that
there are no credible non-network options . In this event, the distributor must publish a notice
setting out the reasons for its determination. In accordance with this Rule requirement,
AusNet Services has determined that there are no non-network options in relation to the
Tranche 1 REFCL installations and associated works, namely:
•

Zone substation works;

•

Network balancing;

•

Line hardening;

•

Compatible equipment; and

•

Victorian Distribution Code compliance.

Our reasoning for concluding that there are no feasible non-network solutions are:
1. The installation of REFCLs is the only technically feasible solution currently available that is
capable of satisfying the performance requirements specified in the Bushfire Mitigation
Regulations.
2. The proposed capital works on AusNet Services’ distribution network (and associated
operating expenditure) are required to ensure that:

 REFCL operation does not compromise the safety and reliability of AusNet Services’
distribution network; and
 AusNet Services continues to comply with the Victorian Electricity Distribution Code
(the Code).
3. As the proposed capital works address the impact of REFCL operation on our distribution
network and its service performance, non-network solutions cannot provide an effective
substitute for the proposed capital works.
In accordance with the Rules requirements, we note that these reasons are not dependent on
any particular assumptions or methodologies.
The only potential non-network component relates to the possible substitution of capital works
that are required to maintain compliance with the Code. As explained below, however, the
potential for a non-network solution depends on a change to the current Code requirements.
Clause 4.2.2 of the Code sets out the maximum permissible variation in nominal voltages at the
point of supply to each HV customer’s electrical installation. As already explained, the
operation of a REFCL following a single phase fault will lead to an increase in voltage levels on
the healthy phases. In the absence of installing isolating transformers on AusNet Services’
network, the following outcomes would eventuate:
•

REFCL operation results in voltage variations at the HV customers’ supply points that
exceed the level specified in clause 4.2.2 of the Victorian Electricity Distribution Code;
and

•

HV customers would be exposed to a potentially unsafe and unreliable electricity supply.

•

Any resulting failure of HV customer’s equipment during REFCL operation would induce
a cross country fault negating any fire mitigation effect on the phase affected by the first
fault as the REFCL attempted to compensate for the second fault. This situation is highly
likely to result in a fire ignition at the site of the first fault.

Such outcomes would not be prudent, efficient or acceptable from a safety perspective. To
address these implications of REFCL operation, AusNet Services proposes to install isolating
transformers at HV customer connection points in the Tranche 1 program subject to this
contingent project application, so that the voltage at HV customers’ supply points remain within
the variation limits specified in the Victorian Electricity Distribution Code.
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AusNet Services considered whether other options, including ‘non-network options’ could
deliver a lower cost outcome. Conceptually, a lower cost solution may be possible if HV
customers undertook works on their electrical assets to enable them to withstand higher voltage
variations. However, this approach raises the following safety and reliability concerns:
•

The voltage variation at the HV customers’ point of supply would still exceed the levels
specified in the Victorian Electricity Distribution Code; and

•

AusNet Services would need to be confident that the customers’ equipment could
withstand the increased voltages before commissioning the REFCL. Such assurances
may be difficult to obtain, with consequential delays in delivering the REFCL program.

In relation to the first point, AusNet Services has sought an amendment to the Victorian
Electricity Distribution Code to increase the existing permissible voltage variations. Such an
amendment may enable alternative solutions that would not expose HV customers and AusNet
Services to unacceptable safety and reliability risks. However, the Essential Services
Commission has made it clear that it does not intend to amend the Victorian Electricity
Distribution Code to address the voltage variation issue.
In relation to the second point, AusNet Services has considered whether it could relocate the
existing HV customer supply points, which may entail the purchase of HV customers’ existing
electrical assets, to ensure that any remedial work is undertaken to an appropriate standard and
forms part of AusNet Services’ regulated distribution network. Some of the customer HV assets
comprise extensive internal reticulation systems.
Our desk top analysis of HV customers’ installations indicates that such a significant change in
the existing supply arrangements would be impractical because it exposes both parties to
unacceptable commercial risks. While the acquisition of HV customers’ electrical assets may
have the potential to address safety and reliability risks associated with higher voltage
variations, it is most unlikely to be achievable in the timeframes specified in the regulations.
Furthermore, AusNet Services would require an assurance from the AER that the costs of
acquiring HV customers’ assets could be included in the regulated asset base and recovered
through distribution charges. This issue is unlikely to have a straightforward supportive
resolution.
AusNet Services also notes that the regulatory framework does not impose any obligations on
HV customers to upgrade or modify their assets to withstand voltage variations outside those
set out in the Victorian Electricity Distribution Code. AusNet Services’ engagement with HV
customers has highlighted their strong reluctance to incur costs in upgrading or modifying their
electrical assets to accommodate the REFCL installation program. In effect, HV customers
argue that the REFCL installation program is creating the need to change pre-existing supply
arrangements that are working well, and therefore the costs of any modification should form part
of the REFCL project.
AusNet Services is mindful that the Victorian Government has introduced regulations that
impose substantial financial penalties if the REFCL installations are not completed in
accordance with the timeframes mandated by the regulations. Any solution other than the
installation of isolating transformers could not be achieved in the timeframes, even if the
impediments to an alternative solution could be resolved.
AusNet Services will continue to work with the Victorian Government, the ESC and HV
customers to investigate the feasibility of lower cost solutions for Tranches 2 and 3. However, it
is evident from the above discussion that there are no credible alternative options, including
non-network options, to the installation of isolating transformers for Tranche 1.
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3.3

Determination not to publish a non-network options report

For the reasons set out in section 3.2, there are no credible non-network options in relation to
the Tranche 1 project to install REFCLs. Therefore, in accordance with clause 5.17.4(d) of the
Rules, AusNet Services will not be publishing a non-network options report.
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