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1 Executive Summary 

AusNet Services is a regulated Victorian Distribution Network Service Provider that serves more 

than 729,000 customers. AusNet Servicesô distribution network covers eastern rural Victorian and 

the fringe of the northern and eastern Melbourne metropolitan area.  This report, the Distribution 

Annual Planning Report 2019 ï 2023, is prepared in accordance with the requirements of clause 

5.13.2 and schedule 5.8 of the National Electricity Rules.  

 
This report details how AusNet Services plans to meet predicted demand and achieve reliability targets on its 
distribution network over the five year forward planning period.  The report identifies network segments where 
loading during the relatively short peak-demand periods exceeds the network load-carrying capability under a 
first-order contingency.  Risk assessments on the sub-transmission network including zone substations and sub-
transmission lines are based on probabilistic planning criteria.  Distribution feeder risk assessments are based on 
feeder load carrying capability under peak load conditions. 
 
This Distribution Annual Planning Report identifies two sub-transmission loops, thirteen zone substations and 
eleven distribution feeders, where energy at risk and/or asset condition constraints are subject to planning 
investigations during the next five-year period.  Proposals to eliminate or reduce risk during peak load periods 
have been identified.  Work to eliminate network constraints is planned when the economic value to customers 
of the expected unserved energy exceeds the capital cost of investment to eliminate the constraint.  
 
AusNet Services has carried out a number of demand management activities and details of the recent activities 
are included in the report.  Where network constraints are identified, proponents of embedded generation and 
demand side management will be sought in accordance with the óDemand Side Engagement Strategyô1. 

1.1 Summary of Sub-transmission Limitations  

The following sub-transmission loops are subject to planning investigations during the next five-year period. 
 
 

1 CBTS-LYD-NRN-PHM-
OFR-BWN-LLG-CLN 
66kV loop 

Capacity Establish a third CBTS-CLN 66 kV 
line and a second CLN-LLG 66 kV 
line, or Establish a second PHM-LLG 
66 kV line or Re-conductor the 
existing CBTS-LYD 66 kV line or 
Demand Management or network 
support embedded generation. 

After 
2020 

Investigating / 
Future RIT-D 

2 MWTS-TGN-SLE-MFA-
BDSS-BDL-NLA-CNR 
66kV loop 

Capacity Potentially feasible options for 
investigation may include full or partial 
re-conductor of the TGN-MFA 66 kV 
line, potentially with partial re-
conductor of the MWTS-TGN No.1 66 
kV line, or a new network support 
agreement with BPS or an alternative 
network support provider. 

After 
2020 

Investigating / 
Future RIT-D 

 
  

                                                      
1 A copy of the Demand Side Engagement Strategy can be viewed at AusNet Servicesô website: 

http://www.ausnetservices.com.au/About+Us/Regulatory+Publications.html  

 

http://www.ausnetservices.com.au/About+Us/Regulatory+Publications.html
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1.2 Summary of Zone Substation Limitations 

The following zone substations are subject to planning investigations during the next five-year period. 

 

# 
Circuit Limitation Preferred Options 

Indicativ
e Timing 

Status 

1 Bairnsdale Zone 
Substation (BDL) 

Asset 
Condition 

Replace outdoor minimum oil 
66 kV circuit breakers with new 
outdoor 66 kV circuit breakers. 

Replace outdoor 66 kV current 
transformers with new 66 kV 
current transformers. 

Replace remaining 22 kV outdoor 
switchgear with a new 22 kV indoor 
switchboard. (Note: BDL ZSS is 
included in REFCL Tranche Two 
program to be completed in 2021. 
Hence the above works could be 
carried out at the same time) 

2021 Investigating 

2 Clyde North Zone 
Substation (CLN) 

Capacity Install third 66/22kV 20/33 MVA 
transformer. Other options include 
embedded generation or demand 
side management.  

2023 Investigating / 
Future RIT-D 

3 Bayswater Zone 
Substation (BWR) 

Asset 
Condition 

Replace 22 kV outdoor switchgear 
with three new 22 kV indoor 
switchboards. 

Establish a new control room. 

Replace 22 kV and 66 kV 
instrument transformers. 

2022 Investigating / 
Future RIT-D 

4 Benalla Zone 
Substation (BN) 

Asset 
Condition 

Replace outdoor bulk oil 66 kV 
circuit breakers with new outdoor 
66 kV circuit breakers. 

Replace 22 kV outdoor switchgear 
with a new 22 kV indoor 
switchboard. (Note: BN ZSS is 
included in REFCL Tranche Three 
program to be completed in 2023. 
Hence the above works could be 
carried out at the same time). 

2022 Investigating  

5 Maffra Zone 
Substation (MFA) 

Asset 
Condition 

Replace two 10 MVA 66/22 kV 
transformers with two new 20/33 
MVA 66/22 kV transformers. 

Replace outdoor minimum oil 
66 kV circuit breakers with new 
outdoor 66 kV circuit breakers. 

Replace outdoor 66 kV current 
transformers with new 66 kV 
current transformers. 

2022 Investigating / 
Future RIT-D 

6 Moe Zone 
Substation (MOE) 

Asset 
Condition 

Replace two 10 MVA 66/22 kV 
transformers with two new 20/33 
MVA 66/22 kV transformers. 

Replace outdoor minimum oil 
66 kV circuit breakers with new 
outdoor 66 kV circuit breakers. 

Replace outdoor 66 kV current 
transformers with new 66 kV 
current transformers. (Note: MOE 
ZSS is included in REFCL Tranche 
Two program to be completed in 
2021. The above works could be 
carried out at the same time). 

2022 Investigating 
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7 Myrtleford Zone 
Substation (MYT) 

Asset 
Condition 

Replace the two 66/22 kV 10 MVA 
transformers with modern 
equivalent 10/15 MVA units. 

Replace outdoor bulk oil 22 kV 
circuit breakers with new indoor 
22 kV switchgear. 

Replace 66 kV circuit breakers. 

Associated protection and 
secondary system upgrades. 
(Note: MYT ZSS is included in 
REFCL Tranche One program to 
be completed in 2019) 

2019 Construction 

8 Seymour Zone 
Substation (SMR) 

Asset 
Condition 

Replace the 66/22 kV transformers 
with two new 20/33 MVA 66/22 kV 
transformers. 

Replace outdoor bulk oil 66 kV 
circuit breakers with new 66 kV 
outdoor circuit breakers. 

Replace outdoor 22 kV circuit 
breakers and install new 22 kV 
indoor switchgear. 

Upgrade control room and station 
security fencing. 

Associated protection and 
secondary system upgrades. 
(Note: SMR ZSS is included in 
REFCL Tranche One program to 
be completed in 2019) 

2019 Construction  

9 Thomastown Zone 
Substation (TT) 

Asset 
Condition 

Replace outdoor bulk oil 22 kV 
circuit breakers with three new 
indoor 22 kV switchboards. 

Replace outdoor bulk oil 66 kV 
circuit breakers with new outdoor 
66 kV circuit breakers. 

Associated protection and 
secondary system upgrades.  

2021 Investigating / 
Future RIT-D 

10 Traralgon Zone 
Substation (TGN) 

Asset 
Condition 

Replace the two 10/13.5 MVA 
66/22 kV transformers with a single 
20/33 MVA 66/22 kV transformer. 

Replace outdoor 22 kV switchgear 
with a new indoor 22 kV 
switchboard. 

Replace the high voltage 66 kV 
transformer bushings. 

2023 Investigating / 
Future RIT-D 

11 Warragul Zone 
Substation (WGL) 

Asset 
Condition 

Replace the four 10 MVA 66/22 kV 
transformers with two 20/33 MVA 
66/22 kV transformers. 

Replace the No.2 capacitor bank. 

2023 Investigating / 
Future RIT-D 

12 Watsonia Zone 
Substation (WT) 

Asset 
Condition 

Replace two 22/66 kV 
transformers. 

Replace outdoor bulk oil 22 kV 
circuit breakers with new indoor 
22 kV switchgear. 

Associated protection and 
secondary system upgrades 

2023 Investigating / 
Future RIT-D 

13 Wonthaggi Zone 
Substation (WGI) 

Asset 
Condition 

Replace outdoor bulk oil 22 kV 
circuit breakers with indoor 22 kV 
switchgear. 

Install two new bus tie 66 kV circuit 
breakers. 

2019 Construction 
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Refurbish tap changer on No. 1 
transformer and bushings and oil 
on No. 2 and No. 3 transformers.   

Replace existing 22 kV capacitor 
banks. 

Upgrade station security fencing. 

Associated protection and 
secondary system upgrades. 
(Note: WGI ZSS is included in 
REFCL Tranche One program to 
be completed in 2019) 

1.3 Summary of Feeder Limitations  

The following distribution feeders are subject to planning investigations during the next two-year period. 

 

1 CLN13 December, 
2020 

The feeder consists of 
mainly domestic 
customers. Overload 
will be approximately 
39A due to new 
housing growth.  

1.5 Feeder will be risk managed 
till 2020. The proposed battery 
bank will be installed by 
December 2020. 
 
Demand management options 
will be considered. 

2 CLN23 December, 
2020 

The feeder consists of 
mainly domestic 
customers. Overload 
will be approximately 
59A due to new 
housing growth.  

2.2 New CLN24 feeder by 2020. 
 
Demand management options 
will be considered. 

3 EPG13 December, 
2020 

The feeder consists of 
mainly domestic with 
few industrial-farm 
customers. Overload 
will be approximately 
16A due to new 
housing growth at 
both 50%POE & 
10%POE. 

1.1 Feeder reconfiguration by 
December 2020. 
 
Demand management options 
will be considered. 

4 BN1 December, 
2018 

The load at risk is 
only at 10%POE load. 
Major load centre is at 
Euroa.  
  

1.56 Temporary generation (i.e. 
Euroa showgrounds) support 
is used on days when the 
feeder load reaches 275 A. A 
contract has also been signed 
for Demand Management with 
a large customer. 

5 SMR5 December, 
2018 

The load at risk is 
only at 10%POE load. 
 

1.1 Transfer of 5 A to SMR3 
feeder coupled with managing 
the load carrying capacity of 
the line under RMR will defer a 
forecast overload. Demand 
Management options will be 
used to reduce load by 7 A. 
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6 WN2 December, 
2018 

The load at risk is 
only at 10%POE load. 
 
 

1.0 Transfer loads to WN1 
approximately 40A. Feeder 
reconfiguration works are to 
be completed in 2018.  
 
Demand management options 
will be considered 

7 WOTS25 December, 
2018 

The load at risk is 
only at 10%POE load. 
 
 
 

2.2 Transfer load to WOTS 12 
approximately 30A and WO 
31 feeder approximately 28A 
Feeder reconfiguration works 
are to be completed in 2018.  
 
Demand management options 
will be considered. 

8 TGN11 December, 
2020 

A 1A overload is 
forecast at 10%POE 
for summer 2020/21. 

0.1 Reconfigure feeder. Demand 
Management options will be 
considered. 

9 WGL12 December, 
2020 

A 5A overload is 
forecast at 10%POE 
with surrounding 
feeders already 
forecast to be 
overloaded. 

0.25 New feeder required. Demand 
Management options will be  
considered. 

10 WGL13 December, 
2019 

A 16A overload is 
forecast at 10%POE 
for summer 2019/20. 

0.75 New feeder required. Demand 
Management options will be  
considered. 

11 WGL21 December, 
2019 

A 19A overload is 
forecast at 10%POE 
for summer 2019/20. 

1 New feeder required. Demand 
Management options will be  
considered. 
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2 Introduction  

This document is the Distribution Annual Planning Report 2019 ï 2023 prepared by AusNet Electricity Services 
Pty Ltd for its Victorian electricity distribution network, in accordance with the requirements of clause 5.13.2 of the 
National Electricity Rules2.  

2.1 Purpose  

The purpose of this report is to describe AusNet Services distribution network, explain the approach to network 
planning, provide forecasts for the forward planning period, describe constraints on the network and detail plans 
to address these constraints.  

2.2 AusNet Electricity Services Pty Ltd  

AusNet Services is a diversified energy infrastructure business that owns and operates the primary regulated 
Victorian electricity transmission network as well as an electricity distribution network in eastern Victoria and a gas 
distribution network in western Victoria.  AusNet Services has also established an unregulated business, Mondo3, 
which provides specialised utility related solutions, in particular metering, data and asset management services. 
 
AusNet Electricity Services Pty Ltd, a member of the AusNet Servicesô group of companies, holds an electricity 
distribution licence in Victoria issued by the Essential Services Commission (ESC) in October 1994.  The licence 
authorises AusNet Electricity Services Pty Ltd to distribute electricity in its distribution area subject to certain 
conditions.  These include requirements that AusNet Electricity Services Pty Ltd: 
 

¶ Provide specified distribution services to electricity users within the distribution area, including connection 

services, services to other distributors and public lighting services. 

¶ Offer to enter into a use of system agreement for the use of its distribution network on request by a 

retailer. 

¶ Comply with codes and guidelines issued by the ESC including the Victorian Electricity Distribution Code 

(EDC), which regulates the provision of distribution services and connection to AusNet Electricity 

Services Pty Ltd.ôs distribution network by electricity users. 

 
Revenues derived from AusNet Electricity Services Pty Ltd.ôs distribution network are regulated by the Australian 
Energy Regulator (AER) in accordance with the National Electricity Rules (NER) and other jurisdictional 
obligations set out in the Victorian Electricity Industry Act 2000. 
 
AusNet Electricity Services Pty Ltd is obliged to comply with the NER and is also required to meet the technical 
requirements of the Electricity Safety Act 1998. 
 
Hereafter, AusNet Electricity Services Pty Ltd will be referred to as AusNet Services. 

  

                                                      
2 A copy of the National Electricity Rules can be found at the Australian Energy Market Commissionôs website: 

http://www.aemc.gov.au/Electricity/National-Electricity-Rules/Current-Rules.html 

 
3 AusNet Servicesô commercial energy businesses operate as Mondo from 3rd December 2018.    

http://www.aemc.gov.au/Electricity/National-Electricity-Rules/Current-Rules.html
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3 Electricity Distribution Network  

This section presents an overview of AusNet Servicesô electricity distribution network, in accordance with the 
requirements of schedule 5.8 (a) of the National Electricity Rules.  

3.1 Network Location  

AusNet Services operates and manages an electricity distribution network serving the fringe of the northern and 
eastern Melbourne metropolitan area and the eastern half of rural Victoria (see Figure 1) delivering electricity to 
more than 729,000  consumers.  
 

 

Figure 1: AusNet Servicesô Electricity Distribution Network 

AusNet Servicesô distribution network is split into two service delivery regions: South East Region and North 
Region. The South East Region comprises the previous Central Region and East Region as shown in Figure 2 
below.   

 

Figure 2: AusNet Servicesô Service Delivery Regions 
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The distribution network is located in a climate which is classified as temperate.  The network area does not span 
across different classifications of climate. 
 
The distribution network is located in areas where the average annual rainfall ranges from 600 mm to 1,200 mm.  
Some parts of the network in the Northern and Eastern regions are affected by flooding hazards.  Approximately 
35% of all network feeders have some parts in flood hazardous areas. 
 
Approximately two-thirds of the distribution network is in areas designated as Bushfire Prone. 
 
There are 348 distribution feeders. Of which, 14% are classified as Long Rural, 42% are classified as Short Rural 
and 44% are classified as Urban.  A large proportion of feeders supply low density (lot sizes > 2000 m2) customer 
areas.  Twenty-nine percent of distribution feeders have less than 10 customers for each one kilometre of line 
length.  Customers supplied in these areas amount to 16% of the total customers served by AusNet Services. 

 

The electricity network comprises a ósub-transmissionô network that consists of predominantly overhead lines that 
operate at 66 kV, and a ódistributionô network, which generally operates at a voltage of 22 kV and consists mainly 
of overhead lines but also includes underground cables. Some customers in remote and low population density 
rural areas are supplied by Single Wire Earth Return (SWER) Medium Voltage (12.7 kV) distribution networks. 
The majority of customers are supplied by Low Voltage reticulation via distribution transformers.  

3.2 High Voltage Sub-Transmission Network  

The sub-transmission network is supplied at eleven connection points from the Extra High Voltage (500 kV, 
330 kV, 275 kV and 220 kV) transmission network that is owned and operated by AusNet Transmission Group 
Pty Ltd. 

 
The sub-transmission network consists of overhead electricity lines operating at 66 kV, which are generally formed 
in loops fed from individual terminal stations.  Although more interconnections have recently been established, 
these sub-transmission loops are generally not interconnected except under abnormal or emergency conditions.  
The loop configuration serves to maximise the reliability of the sub-transmission network by providing most zone 
substations with at least two sources of supply.   
 
The length of each 66 kV sub-transmission loop depends on the proximity of the load centres to the terminal 
stations.  The sub-transmission network has been developed over many years and therefore incorporates differing 
technologies, design standards, and plant and equipment types.  As a result of these variations in the network, it 
has differing supply capacities.  The capacity of each network loop is determined by a number of factors, including: 
 

¶ Design working temperature 

¶ Design of the particular network (which may impose loading or operational constraints) 

¶ Thermal loading under outage conditions 

¶ Voltage stability under outage conditions 

¶ Conductor size and type 

¶ Plant and equipment ratings. 

 
Zone substations are generally supplied from more than one incoming 66 kV line, which are connected to the 
buses via circuit breakers.  Within the zone substation, the incoming supply is transformed via one or several 
66/22 kV transformers, ranging in size from 5 MVA to 33 MVA, and typically connected in parallel, unless 
separated to manage fault current levels to within regulatory and asset limits.  The 22 kV windings of the 
transformers are usually óstarô connected and earthed directly or via a Neutral Earthing Resistor (NER) or a 
Ground Fault Neutraliser (GFN), to limit the phase-ground fault current. The majority of transformers are equipped 
with on-load tap changing (OLTC) facilities to provide automatic control of the operating voltage. Additional 
reactive power support is provided by capacitor banks installed at these stations. 
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3.3 Protection  

Protection of the sub-transmission system is achieved by a combination of current and voltage transformers, 
circuit breakers and protection devices arranged in schemes, which monitor the voltages and currents for 
abnormal conditions and initiate disconnection of supply in accordance with pre-established protocols.  Protection 
schemes include: 
 

¶ Distance 

¶ Differential 

¶ Over Current 

¶ Earth Fault 

¶ Residual Over Voltage/Neutral Displacement. 

¶ Under / Over Voltage and Under Frequency to initiate Load Shedding. 

 
The protection applied to the sub-transmission network is duplicated and coordinated with that at the terminal 
stations, other zone substations and associated distribution network feeders.  As per the existing industry practice, 
bare conductor overhead lines are fitted with automatic reclose facilities to minimise the impact of transient faults. 

3.3.1 Earthing 

Plant and equipment within the sub-transmission network employ local earthing whereby each piece of electrical 
equipment and conductive structure is directly connected to the general mass of earth via a dedicated earth 
connection.  The 66 kV networks are referenced to earth via the connection transformers within the transmission 
network, which have their 66 kV winding star-points connected directly to the respective terminal station earthing 
grids.   
 
The sub-transmission network is an óeffectivelyô earthed system.  In the event of a fault to earth on this network 
the earthing assets enable the flow of electricity to the general mass of earth, under such circumstances that step, 
touch and transfer voltages are managed, fire ignition is minimised and electrical protection systems operate to 
limit network damage. 

3.4 Medium Voltage Distribution Network  

The 22 kV distribution network is currently supplied by fifty-six zone substations, which are located near to the 
load centres.  Additionally, three terminal stations supply 22 kV distribution feeders.  Three 22/6.6 kV step-down 
substations supply the Mount Dandenong area via three 6.6 kV feeders.  The Latrobe valley power stations and 
mines are in part supplied via dedicated substations.   
 
The Medium Voltage (MV) distribution network consists of 348 feeders.  This includes three 6.6 kV feeders 
supplying the Mt. Dandenong area, but excludes feeders within the Latrobe Valley which supply the coal fired 
power stations, associated mines, and support workshops.  A total of approximately 463 customers are partly 
served by feeders from adjacent Distribution Network Service Providers, one United Energy feeder (NW13) and 
two Essential Energy (EE) feeders in New South Wales in the stateôs north east (TRC01 and BOM8M34), 
BM8B31, BM8B32, BM8B33).   
 
Distribution feeders are generally operated in radial mode.  In urban areas they can often be operated in open-
loop arrangement via switches installed to provide alternative points of supply and thus improve the reliability of 
the network. 
 
In rural areas, the average feeder length is 156 km (including spurs) with few alternative points of supply.  
Distribution feeders are usually three phase but some spur lines, especially in rural areas, are ósingle-phaseô 
supplied from two of the three available phases. 
 
Remote and low population density rural areas are often supplied by Single Wire Earth Return (SWER) MV 
distribution networks.  AusNet Services has almost 533 SWER networks.  The SWER networks are supplied from 

                                                      
4 AusNet Services identifies EEôs BOM8M3 feeder as BM8B31, BM8B32 and BM8B33 feeders.  
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two phases of the three-phase network via an isolating transformer, which provides the appropriate voltage 
transformation, regulation and electrical isolation between the two networks.  The SWER networks operate at 
12.7 kV with the majority of overhead lines constructed using 3/2.75 mm steel conductor. 

3.4.1 Distribution Substations  

Distribution substations are located throughout the MV distribution network and provide transformation from the 
22 kV reticulation to the customerôs nominal service voltage (230/400 V or 230/460 V).  They range in capacity 
from 10 kVA to 2000 kVA and are classified into the following major types: 
 

¶ Pole Mounted 

¶ Ground Mounted 

¶ Kiosk 

¶ Indoor. 

 
Distribution transformers on the three phase network have a ódelta-starô winding arrangement with a common 
voltage rating of 22 kV / 433-250 V, while those on a single-phase network generally have a centre point earthed 
secondary winding and the voltage rating of 22 kV / 250 V / 500 V is common.  Distribution transformers installed 
on the SWER circuits commonly have voltage ratings of 12.7 kV / 250 V / 500 V.  The off load voltage taps on 
each transformer  are capable of delivering the nominal voltage standard of 230 V / 400 V and 230 V / 460 V 
within +10%/-6% at the customersô point of connection. 

3.4.2 Protection 

Protection equipment, including protective relaying schemes, in conjunction with circuit breakers, automatic circuit 
reclosers, sectionalisers and fuses are applied to the distribution system to: 
 

¶ Ensure safety of the general public and electricity workers by minimising any hazardous step, touch or 

transfer potential by isolating the faulted section of the plant within the protected zone. 

¶ Ensure service continuity by sectionalising faulted elements of the network from unaffected portions of 

the network and therefore minimise disruption to the majority of customers. 

¶ Minimise equipment damage. 

3.4.3 Earthing  

Within zone substations the star-point of the 22 kV windings are connected to the station earth grid, directly or via 
a neutral earthing resistor, and thus to the general mass of earth. 
 
Metallic MV equipment frames, switch handles, cable screens, conductive structures (e.g. concrete poles), surge 
diverters, exposed metal parts containing or supporting the MV conductors, and all interconnected metallic parts, 
are directly connected to a local MV earth and thus to the general mass of earth.  These earthing systems are 
designed to:  
 

¶ Ensure correct functioning of the protection systems. 

¶ Limit over-voltages during fault conditions. 

¶ Manage step, touch and transfer potential in high risk and well frequented areas. 

¶ Co-ordinate transfer voltages with other authoritiesô assets in the vicinity. 

3.4.4 Rapid Earth Fault Current Limiter (REFCL)  

AusNet Services is installing Rapid Earth Fault Current Limiter (REFCL) technology at 22 zone substations. The 
electrical protection technology 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. Implementation and testing by government of two different types of REFCL technology was completed 
at Kilmore South zone substation on a limited 40km section of network in 2014. Based upon a sample period of 
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network fault data, analysis undertaken by the Government and CSIRO predict network fire related incidents 
associated with the nominated zone substations can be reduced by between 50-55%. 
 
The Ground Fault Neutraliser (GFN) is a product that falls under the Rapid Earth Fault Current Limiter (REFCL) 
technology umbrella which reduces single phase to earth fault currents on a network. The GFN does this by using 
resonant earthing with an enhanced óresidual current compensation featureô that injects current into an arc 
suppression coil (ASC) at 180° out of phase with the residual fault current. The GFN instantaneously eliminates 
the large fault current, reducing to under 25 A and then close to 0 A within 3 cycles or 60ms. Its operation causes 
the phase voltage of the faulted phase to be reduced to near earth potential (zero volts), whilst the healthy phases 
rise by 173% nominally from 12.7kV to 22kV. The implication of higher voltages on the healthy phases means 
that implementation of the REFCL technology can require significant asset replacement investment to ensure that 
all assets are rated for the higher phase voltages that they would be exposed to under fault conditions. 

3.4.5 Overhead Lines 

There are approximately 410,017 poles supporting distribution and sub-transmission networks.   
 
The majority of overhead lines utilise aluminium conductors, although copper was previously used and remains 
in service in some (generally older) areas.  Steel conductors are predominantly utilised in rural (including SWER 
circuits) distribution areas.   
 
The most common conductors used in the MV overhead network are; Steel Conductor (SC) ï 3/2.75, Aluminium 
conductor steel-reinforced (ACSR) ï 3/4/2.5, 6/1/2.5, 6/1/3.0, 6/1/3.75, 6/1/4.75 and 6/4.75/ 7/1.60 and All 
Aluminium Conductor (AAC) ï 7/2.5, 7/3.0, 19/3.25,19/3.75, 37/3.75, 7/4.75 and 19/4.75. 
 
High Voltage Aerial Bundled Cable (HV ABC) is utilised for some 22 kV lines in environmentally sensitive treed 
areas, such as the Dandenong Ranges, to mitigate fire risk and minimise the incidence of tree and bark related 
faults.  The main sizes of HV ABC used on the networks are 35 mm2 and 185 mm2 with aluminium conductors 
and non-metallic screens. A new type of HV ABC has been introduced to improve reliability. The new type is the 
Light Duty Metallic Screened HDME sheathed HVABC. This is generally known as LD MS HVABC and the 
standard conductor sizes are 35 mm2 Al & 185 mm2 Al. These cables can be used as the standard form of 
construction for both new overhead HV and for replacement of bare overhead HV in AusNet Services HV 
distribution network. 
 
AusNet Services has also trialled and introduced the Spacer Cable System as a standard MV cable system 
permitted for use on AusNet Servicesô distribution network. The 22 kV Spacer Cable System consists of three 
covered conductors which are separated using a óSpacerô and the whole system is supported by a tensioned 
catenary (messenger) wire. Spacers are generally placed every 10-12 metres along the span hung on the 
messenger wire. This system is suitable for heavy tree areas including where tree overhang is present (56Ms). 
The standard conductor sizes are 35 mm2 Al, 50 mm2 Al & 150 mm2 Al. 
 
AusNet Services for the first time introduced a Hybrid Underground system during 2015. The hybrid system is a 
system which contains underground HV cables and where the existing substations, protection devices and low 
voltage network is left pole mounted and overhead. The hybrid system is an alternative supply arrangement in 
areas where the overhead medium voltage (22 kV, 11 kV or 6.6 kV) network is replaced with underground cable 
and where there is no space available to install kiosk substations. The standard conductor sizes are 35 mm2 Al, 
185 mm2 Al, 240 mm2 Al & 300 mm2 Al and the cable types are standard underground cables. 

3.4.6 Underground Lines 

Approximately 2,298 km (route length) of medium voltage underground cables are utilised for distribution in new 
urban residential developments and where other circumstances may apply such as visual impact, vegetation 
management, etc.  The cables have cross-linked polyethylene (XLPE) insulation, aluminium conductors and 3-
core construction.  The main sizes are 35 mm2, 185 mm2, 240 mm2 and 300 mm2.  There are also significant 
quantities of HSL (Hochstadter type cable - Paper insulation, screen type and lead sheath on each core, steel 
wire armour) underground cables utilised in the underground distribution network. 
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3.4.7 Electric Line Construction (Codified) Areas 

Amendments to the Electricity Safety (Bushfire Mitigation) Regulations 2013 introduced 1 May, 2016 require any 
planned conductor replacement (1kV to 22kV) of four or more consecutive spans or any new medium voltage 
electric line to be constructed with insulated or covered conductor within codified areas. 
 
The locations of medium voltage lines specified within the regulations are defined as those lines being within an 
ñelectric line construction areaò (codified area). The codified areas within AusNet Servicesô franchise area are 
illustrated in Figure 3 (red shaded areas). Further information may be found in AusNet Servicesô ñBushfire 
Mitigation Plan ï Electricity Distribution Networkò 
 
 

 

Figure 3: Codified Areas within AusNet Servicesô Franchise Area 

3.5 Low Voltage Distribution Network 

In urban and some rural locations reticulation at Low Voltage (LV) is utilised to supply small groups of customers.  
The LV lines are typically either three-phase (400 V) or two-phase (460 V) [with +10%/-6% voltage band] circuits 
with a neutral conductor.  Insulated customer service cables are connected to these LV lines. 
 
There is generally no permanent connection between adjacent LV circuits in urban areas although switching 
devices enable interconnections between some areas and load transfers in emergency conditions. 
 
The LV overhead reticulation network consists of both open (bare) wire and insulated wire, Low Voltage Aerial 
Bundled Cable (LV ABC), construction. 
 

¶ Bare Conductor ï Most of the LV bare conductors are of aluminium construction; although, some copper 

is in service in older areas.  Typically, the standard conductor utilised for LV reticulation is 19/3.25 mm all 

aluminium conductor (AAC); although, there are other types and sizes of conductors still in service that 

were utilised on the LV network in the past.   

¶ LV ABC ï LV ABC is cross linked polyethylene (XLPE) insulation over each of four aluminium cores.  

Typical conductor sizes are 95 mm2 and 150 mm2. 

¶ LV Cable ï LV underground cables are sized to suit the application but are generally 185 mm2 and 240 

mm2 with aluminium conductors and XLPE insulation.   
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3.5.1 Protection 

The LV network protection is provided by fuses or in some cases moulded case circuit breakers installed on the 
LV side of the distribution transformers.  The fuses are rated and the circuit breaker tripping is set to suit the 
application, substation loading and coordination with MV fuses.  Other considerations such as LV circuit lengths 
and fault current limits are also considered. 

3.5.2 Earthing 

The following types of earthing are applied within the LV distribution network: 
 

¶ Individual Multiple Earthed Neutral (IMEN) ï An earthing arrangement where the LV neutral conductor is 

permanently connected to earth at the substation supplying the system, all customersô premises and an 

auxiliary earth at the remote end of the LV reticulation Network. 

¶ Interconnected Multiple Earthed Neutral ï An earthing arrangement where the LV neutral conductor is 

permanently connected to earth at the multiple substations supplying the system, all customersô premises 

and at any point throughout the neutral system as required. 

¶ Common Multiple Earthed Neutral (CMEN) ï An earthing arrangement where all the MV and LV 

equipment is permanently connected to a common earth.  The LV neutral conductor is connected to 

earth as per interconnected Multiple Earthed Networks and is used to bond other MV earthing points 

within the Network. 

¶ Direct Earth ï An earthing system where the customerôs neutral conductor is directly connected to the 

Distribution Substation earth via underground cable sheath or dedicated overhead earth conductor.   

3.5.3 Services 

Connection from the customer point of supply to the LV distribution network is achieved via óservice cablesô.  
Service cables may be placed either overhead or underground. 
 
The aerial service cables are typically XLPE insulated 2 core or 4 core construction with aluminium conductors of 
25 mm2 and 35 mm2 and, as required, 95 mm2 and 150 mm2 aerial bundled cables. 
  
The underground service cables are tapped from the underground LV reticulation cables using tee joints.  
Standard service cables are 16 mm2, 35 mm2 and 50 mm2 with copper conductors and XLPE insulation. 

3.6 Communications Network  

The communication network provides services for the following applications: 

¶ Power system protection signalling. 

¶ System Control and Data Acquisition (SCADA) for zone substations, Automatic Circuit Reclosers, and 

Sectionalisers. 

¶ Operational Voice communications. 

¶ Power Quality monitoring. 

¶ Asset condition monitoring.  

¶ óSmartô metering. 

These services are provided by either the private communication network or third party leased services. Third 
party leased services can be used for all applications except power system protection signalling because of the 
stringent technical requirements. Where there is no requirement for power system protection, the choice of using 
the private network or leased services is determined on lowest economic cost. 
 
The majority of zone substations are connected by optical fibre. Eleven zone substations and about 300 pole top 
devices are connected by TRIO point-to-multipoint radio. There are 85 WiMAX base stations and 86 sites 
connected by point-to-point microwave radio. 
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3.6.1 Communication Asset Types 

Communication assets include telephone exchanges, Ethernet switches, routers, and communication network 
nodes. The communication network nodes used are Plesiochronous Digital Hierarchy (PDH), Synchronous Digital 
Hierarchy (SDH), and Wave Division Multiplexers (WDM). 
 
Other assets include WiMAX point-to-multipoint radio, TRIO point-to-multipoint, and point-to-point microwave 
radios. There are two types of optical fibre assets installed to support the communications network, All Dielectric 
Self Supporting (ADSS) and Optical Ground Wire (OPGW). Both of these are supported on the distribution 
network poles. 
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3.7 Distribution Asset Summary 

Table 1 lists common asset types, sub-types, and quantities as at December 2018. 
 

# Asset Type Description Number 

1 Connection Points Terminal Stations (66 kV Connection Point) 11 

2 Connection Points Terminal Stations (22 kV Connection Point) 3 

3 Connection Points Zone Substations (66/22 kV) 52 

4 Connection Points Substations (22/6.6 kV) 3 

5 Connection Points Zone Substations (Single Customer) 9 

6 Connection Points Switching Station 1 

7 Transformers Zone Substations Transformers 145  

8 Transformers Distribution Transformers (Pole Mounted) 56,507  

9 Transformers Distribution Transformers (Kiosk, Ground Outdoor or Indoor Chamber Mounted) 4,644 

10 Circuit Breakers High Voltage (>22 kV) 202 

11 Circuit Breakers Medium Voltage (Ò22 kV) 1148  

12 Feeders Number of 22 kV feeders 348 

13 Feeders Number of 6.6 kV feeders 8  

14 Conductors Overhead (Low Voltage, <1 kV) (km) 6,630 

15 Conductors Overhead (SWER) (km) 6,467  

16 Conductors Overhead (Medium Voltage) (km)  22,623  

17 Conductors Overhead (High Voltage) (km) 2,560  

18 Conductors Underground (Low Voltage) (km) 4,613  

19 Conductors Underground (Medium Voltage) (km) 2,298  

20 Conductors Underground (High Voltage) (km) 12 

21 Conductors Number of Overhead Service Lines  191,835 

22 Poles Wood Poles 189,393 

23 Poles Concrete Poles 130,118 

24 Poles Steel Poles (Towers) 593 

25 Poles Public Lighting Poles 89,913 

26 Poles Cross-arms 406,223 

27 Communications Optical fibre ï ADSS, OPGW  (km)  680  

28 Communications Point to point radio links - Zone Substations 23 

29 Communications Point to point radio links - Zone Substations 63 

30 Communications WiMAX base stations - AMI  85  

31 Communications TRIO base stations  19  

32 Communications Network Nodes (SDH, WDM  and PDH)  244  

33 Communications Routers and Switches  164  

34 Communications Telephone exchanges  6  

Table 1: Number and types of assets 
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3.8 Methodologies used in preparing the Distribution Annual Planning Report 

AusNet Services has a five year forward planning period.  The annual planning process commences after the 
extended summer season ending 31 March each year.  The demand forecasts for connections points, zone 
substations, sub-transmission lines and distribution feeders are developed using the method described in Section 
4.1 and network limitations are identified using the Probabilistic Planning Philosophy.  

3.8.1 Planning Process  

The planning activities are discussed in this section of the report and consist of the following steps: 
 

¶ Review the long term strategy for the distribution system with due consideration of network reliability, 
network capacity, quality of supply, network safety, environmental requirements, and asset management 
and regulatory strategies. 

¶ Forecast the load demand for the next 10 years. 

¶ Confirm the capability of the existing network. 

¶ Determine where there are network constraints or network performance issues. 

¶ Formulate options to resolve network constraints or needs. 

¶ Seek non-network options including demand side options. Publish a non-network options report under 
RIT ï D requirements where appropriate.  

¶ Study these options to ensure compliance with technical limits, planning philosophies, regulatory criteria 
and guidelines, reliability and quality of supply standards and asset management strategies. 

¶ Develop cost estimates for each option as well as cost savings and benefits of each option and establish 
the most cost-effective alternative that meets the technical and other requirements listed in Point 7 above. 

¶ Investigate the economic viability of the most cost-effective option by comparing the economic cost of 
the probability weighted energy at risk due to the contingency, reliability or performance gap with the cost 
of reducing this risk or improving the network performance. 

¶ Prepare a planning report documenting all considerations and recommendations.   

¶ Prioritise the different distribution projects based on the companyôs business strategy and funding 
guidelines. 

¶ Obtain approval of the recommended plans, document plans and initiate execution of the projects in the 
plan. 

¶ Publish draft and final project assessment reports under RIT ï D requirements as appropriate.  

1)   

Figure 4: Distribution Network Planning Process 
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3.8.2 Identification of network needs or constraints  

Network augmentation is essentially required to provide additional power transfer capacity to meet increasing 
customer load.  Asset renewal is required when the deteriorated condition of existing assets poses risk to 
reliability, safety, network security, environmental and plant damage that outweighs the cost of renewal. The need 
for network augmentations or asset renewals is generally driven by the following factors: 
 

¶ Increased load demand at existing supply points. 

¶ New loads connecting to the distribution network. 

¶ New generation connections or increased generation at existing connection points. 

¶ Meeting quality of supply requirements. 

¶ Improving the reliability of the network in response to the regulatory incentive scheme. 

¶ High network losses supporting the justification for network augmentation based on reduced energy and 

demand losses as well as environmental benefits. 

¶ Environmental requirements. 

¶ Deteriorating condition of ageing assets. 

¶ Risk mitigation. 

¶ Increased penetration of Solar PV and other forms of generation have resulted in significant reverse 

power flow at light load conditions in some parts of the network. The full impact of bi-directional power 

flow is yet to be observed however, it is envisaged that network augmentation may be required in future 

to cater for this emerging change in power system behaviour. 

¶ In response to reduction in minimum demand and changes in the load shape driven by increased 

penetration of Distribution Energy Resources (DER), AusNet Services intends to develop óminimum 

demandô forecasts to better understand this new phenomenon.   

3.8.3 Overall objective of network planning 

The planning standards and criteria applied in network development are a significant determinant of network-
related costs.  Costs associated with distribution connection facilities can be considered to comprise of two parts: 

¶ The direct cost of the service (as reflected in network use of system charges and the costs of losses). 

¶ Indirect costs borne by customers as a consequence of supply interruptions caused by network faults. 

 
In developing and applying their planning standards and investment criteria, AusNet Servicesô aims to develop 
network facilities in an efficient manner that minimises the total (direct plus indirect) life-cycle cost of network 
service borne by customers.   
 
This basic concept is illustrated in  Figure 5 below. 
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Figure 5: Balancing the direct cost of service and the indirect cost of interruption 

 
Additionally, AusNet Servicesô distribution connection investment decisions aim to maximise the net present value 
to customers, having regard to the costs and benefits of non-network alternatives to augmentation.  Such 
alternatives include, but are not limited to, demand-side management and embedded generation.   

3.8.4 Overall approach to distribution planning and investment evaluation 

AusNet Services uses a probabilistic planning approach. This is consistent with the Australian Energy Market 
Operator (AEMO) that applies a probabilistic approach5 to planning the shared transmission network6 in Victoria.  
 
Under the probabilistic approach, the deterministic N-1 criterion is relaxed and simulation studies are undertaken 
to assess the amount of energy that would not be supplied if an element of the network were out of service.  The 
application of this approach can lead to the deferral of augmentation that might otherwise proceed if a deterministic 
standard was applied.  Under a probabilistic network planning approach, conditions may exist where all the load 
cannot be supplied with a network element out of service (hence the N-1 criterion is not met); however, the value 
of the energy not supplied is insufficient to justify additional investment, taking into account the probability of a 
forced outage of a particular element of the network.   
 
The transmission connection assets for which the Distribution Network Service Providers (DNSP) have planning 
responsibility form part of the Victorian electricity transmission network7.  Given that AEMO applies a probabilistic 
network planning approach to the development of the shared transmission network, the Victorian DNSPs consider 
it appropriate to adopt a similar approach to transmission connection planning and investment decision analysis8. 
 
AusNet Services considers it is appropriate to plan the distribution network (i.e. zone substations and sub-
transmission lines) in a manner consistent with the planning for the óupstreamô network and connection points. 
Implicit in the use of a probabilistic approach is acceptance of the risk that there may be circumstances (such as 
the loss of a transformer during a high demand period) when the available zone substation or 66 kV loop capacity 
will be insufficient to meet actual demand and significant load shedding could be required. 
 
The distribution feeder risk assessment is based on feeder load carrying capability under peak load conditions. 

                                                      
5 A copy of the Victorian Transmission Network Planning Criteria can be obtained from the Australian Energy Market Operatorôs 

(AEMO) website at: http://www.aemo.com.au/Electricity/Policies-and-Procedures/Planning/Victorian-Transmission-Network-

Planning-Criteria 
6 The óShared Transmission Networkô is the Victorian Transmission System, excluding the transmission facilities that connect 

the distribution networks and the generators to the High Voltage network.  The distribution network service providers and the 

generators are responsible for the planning and development of the relevant transmission connection facilities. 
7 The transmission and distribution licences issued by the Essential Services Commission define the term óelectricity 

transmission systemô as ña transmission system in Victoria at nominal voltage levels of above 66 kV which the holder of a 

transmission licence may use to transmit electricity.ò 
8 In some cases (for instance, signals to upgrade circuit breakers due to fault levels), the distribution network service providers 

may continue to apply a deterministic standard.  The application of such standards will be justified on the basis of their economic 

costs and benefits. 
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3.8.5 Valuing supply reliability from the customerôs perspective  

In order to determine the óeconomically optimalô level and configuration of network capacity (and hence the supply 
reliability that will be delivered to customers), it is necessary to place a value on supply reliability from the 
customerôs perspective. 
 
Estimating the marginal value to customers of reliability is inherently difficult, and ultimately requires the application 
of some judgement.  Nonetheless, there is information available (principally, surveys designed to estimate the 
costs faced by consumers as a result of electricity supply interruptions) that provides a guide to the likely value. 
 
In September 2014, AEMO published its final report on its 2013ï2014 review of the Value of Customer Reliability 
(VCR).  AEMO conducted the review at the request of the former Standing Council on Energy and Resources 
(SCER), now the Council of Australian Governmentsô (COAG) Energy Council.  AEMOôs final report explained 
that9 

ñThe VCR represents, in dollar terms, the estimated aggregated value that customers place on the reliable supply 
of electricity.  The actual value will vary by the type of customer and the characteristics of the outages being 
considered.  The VCR at different points on the grid would then vary based on the mix of customer types at that 
point.  As customers cannot directly specify the value they place on reliability, the VCR plays an important role in 
determining the efficient level of investment in, and efficient operation and use of, electricity services required by 
customers in the National Electricity Market (NEM).ò  

AEMOôs final report summarised its findings as follows10:  
 

ñAEMOôs assessment of the survey findings includes the following: 

¶ Residential VCR values are similar across all NEM states. 

¶ The most important outage characteristics affecting residential VCR values are length of outage and 
whether the outage occurred at the time of the NEM daily peak. 

¶ Residential VCR values have not substantially changed since the 2007ï08 values. However, survey 
feedback indicates that residential customers are concerned about the rise in electricity prices since 
2007ï08, which has resulted in an increased customer focus on implementing energy efficiency 
measures. 

¶ Business VCR values on average continue to be higher than the residential values, consistent with other 
Australian and international studies. 

¶ Business VCR values for the commercial and agricultural sectors are notably lower than the 2007ï08 
values. 

¶ Drivers include increased electricity costs since 2007ï08 and the implementation of energy efficiency 
savings by businesses in these sectors. 

¶ Larger businesses tend to have a lower VCR value than smaller businesses, reflecting the likelihood that 
larger businesses are better equipped to mitigate against the impact of power outages. 

¶ The survey indicates the majority of residential and business customers are satisfied with their current 
level of reliability and consider it to be of a high standard. 

                                                      
9 AEMO, Value of Customer Reliability Review Final Report, September 2014, page 6.  The report is available from AEMOôs 

website at the following address: http://www.aemo.com.au/Electricity/Planning/Value-of-Customer-Reliability-review  
10 Ibid, page 1. 

 

http://www.aemo.com.au/Electricity/Planning/Value-of-Customer-Reliability-review
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¶ The VCR values are broadly consistent with international and Australian VCR studies, where a similar 
survey methodology and approach has been used.ò 

Table 2 below shows AEMOôs sector and composite VCR estimates for 2018. 
 

Sector 

2018 VCR ($/kWh) 

(Source:  AEMOôs September 2014 VCR Review Final Report, adjusted 
for annual indexation in accordance with s.5.2 of AEMOôs December 

2014 VCR Application Guide) 

Residential (Victoria) 26.45 

Commercial (NEM) 47.77 

Agricultural (NEM) 50.93 

Industrial (NEM) 47.07 

Composite ï all sectors 42.20 

Table 2: VCR estimates by sector for 2018.  

 
AusNet Services note that there has been a significant reduction in the VCR estimates for the commercial and 
agricultural sectors compared to the results of the 2007-08 VCR study, which was conducted on behalf of 
VENCorp (AEMOôs predecessor) by CRA International.  This has led to a reduction in AEMOôs estimate of the 
composite VCR from $63 per kWh in 2013 to $42.20 per kWh in 2018 (Figure 6). 
 
 

 
 

Figure 6: Historic VCR estimates for the period 2010 ï 2018. 

 

AusNet Services utilises the VCR value assigned to the upstream terminal station supply point for each of its zone 
substations and 66 kV sub-transmission loops. The upstream terminal station supply point VCR value has been 
calculated using the supply point customer load mix and sector VCR values as shown in Table 2. AusNet Services 
has extended this approach to determine the economic value of óenergy at riskô of overloaded distribution feeders. 
Energy at risk is calculated utilising the load duration curve of the feeder and its rating. 
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3.8.6 Application of the probabilistic approach to distribution network planning 

The probabilistic planning approach involves estimating the probability of a plant outage coinciding with the peak 
loading season, and weighting the costs of such an occurrence by its probability to assess: 
 

¶ The load at risk of being interrupted if no augmentation is undertaken11.  

¶ Whether it is economic to augment distribution network capacity to reduce expected supply interruptions. 

 
The quantity and value of energy at risk is a critical parameter in assessing a prospective network investment.  
Probabilistic network planning aims to ensure that an economic balance is struck between the costs of: 
 

¶ Providing additional network capacity to remove any constraints. 

¶ Exposure to loading levels beyond the networkôs capability.  

  
In other words, recognising that very extreme loading conditions may occur for only a few hours in each year, it 
may be uneconomic to provide additional capacity to cover the possibility that an outage of an item of network 
plant may occur under conditions of extreme loading.  Rather, the probabilistic approach indicates that network 
augmentation should take place only when loading has increased to the extent that the value of energy at risk 
justifies expenditure on the distribution network to reduce the level of energy at risk. 
 
This approach provides a sound actuarial estimate of the expected net present value to consumers of distribution 
system augmentation.  However, implicit in its use is acceptance of the risk that there may be circumstances 
when the planned distribution network (zone-substation/sub-transmission line) capacity will be insufficient to meet 
actual demand.  The extent to which investment should be committed to mitigate that risk is ultimately a matter of 
engineering judgment; having regard for: 
 

¶ The results of probabilistic and deterministic studies of possible outcomes, and the inherent uncertainty 

of those outcomes. 

¶ The potential costs and other impacts that may be associated with very low probability events, such as 

single or coincident transformer outages at times of peak demand, and catastrophic plant failure leading 

to extended periods of plant non-availability.  

¶ The availability and technical feasibility of cost-effective contingency plans and other arrangements for 

management and mitigation of risk. 

¶ The Victorian DNSPsô obligation (under clause 5.2 of the Victorian Electricity Distribution Code) to use 

best endeavours to meet, among other things, reasonable customer expectations of reliability of supply. 

3.8.7 Methodology for assessing risk at Zone Substations 

The methodology includes assessing magnitude, probability and impact of loss of load at each zone substation. 
 
The following key data are calculated for each zone substation: 
 

¶ Energy at risk: For a given demand forecast, this is the amount of energy that would not be supplied 

from a zone substation if a major outage12 of a transformer occurs at that station in that particular year, 

the outage has a mean duration of 2.6 months, and no other mitigation action is taken.  This statistic 

provides an indication of the magnitude of loss of load that would arise in the unlikely event of a major 

outage of a transformer. 

¶ Expected unserved energy: For a given demand forecast, this is the energy at risk weighted by the 

probability of a major outage of a transformer.  This statistic provides an indication of the amount of 

                                                      
11 This load at risk is valued in accordance with the approach outlined in section 3.8.7. 

 
12The term ómajor outageô refers to an outage that has a mean duration of 2.6 months, typically due to a significant failure within 

the transformer.  The actual duration of an individual major outage may vary from under 1 month to over 12 months.  
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energy, on average, that will not be supplied in a year; taking into account the very low probability that 

one transformer at the station will not be available for 2.6 months because of a major outage. 

 
Risk assessments for each zone substation provide estimates of energy at risk and expected unserved energy 
based on the demand forecasts.   

3.8.8 Interpreting óenergy at riskô 

As noted above, óenergy at riskô is an estimate of the amount of energy that would not be supplied if one 
transformer were out of service during the critical loading season(s), for a given demand forecast. The capability 
of a zone substation with one transformer out of service is referred to as its óN-1ô rating.  The capability of the 
station with all transformers in service is referred to as its óNô rating.  The relationship between the N and N-1 
ratings of a station and the energy at risk is depicted in Figure 7.   
 

 

Figure 7: Relationship between N rating, N-1 rating and energy at risk 

 
Based on the reliability data, it is expected that:  
 

¶ On average over the long term, each transformer will be unavailable for no longer than 19 hours per year. 

¶ Under normal operating conditions, there will typically be more than adequate zone substation capacity 

to supply all demand. 

¶ The risk of prolonged outages of a zone substation transformer leading to load interruption is typically 

very low. 

3.8.9 Assessing the cost of transformer outages 

For a given demand forecast: 
 

¶ óEnergy at riskô denotes the amount of energy that would not be supplied from a zone substation if a 

major outage of a single transformer occurs at that station in that particular year, and no other mitigation 

action is taken. 

¶ óExpected unserved energyô is the energy at risk weighted by the probability of a major outage of a single 

transformer. 

 
In estimating the expected cost of distribution plant outages, this report considers the first order contingency 
condition (óN-1ô) only.  It is recognised that in the case of zone substations that consist of two or more transformers, 
there is a significant amount of energy at risk if two transformers are out of service at the same time.  
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AusNet Services has carefully considered this situation and concluded that it is not necessary for the analyses 
presented in this report to be extended to include consideration of second order contingency conditions13.   

3.8.10 Base reliability statistics for zone substation transformers 

Estimates of the expected unserved energy at each zone substation must be based on the expected reliability 
performance of the relevant transformers.  The basic reliability data for zone substation transformers has been 
established.  The base data focuses on: 
 

¶ The availability of the main zone substation transformers. 

¶ The probability of a major problem forcing these plant items out of service for an average period of 2.6 

months.  This does not include minor faults that would result in a transformer being unavailable for a 

short period of time (ranging from a few hours up to no more than two days).   

 
The basic reliability data adopted for the purpose of producing this report has been refined as summarised in 
Table 3.  It is derived from the statistical data collected in a survey carried out in 1995 for the Australian CIGRE 
Panel 12 on Transformer Reliability. 
 
 

Major outage rate for 
transformer 

1.0% A major outage is expected to occur once per 
100 transformer-years.  Therefore, in a 
population of 100 zone substation 
transformers, you would expect one major 
failure of any one transformer per year.  
Underlying assumption is that transformers 
have no known technical performance issues 
(i.e. no gassing, bushing partial discharge and 
tap changer reliability issues, etc.) and 
transformers are within their engineering life. 

Weighted average of 
major outage duration 

2.6 months On average, 2.6 months is required to repair a 
major transformer fault, during which time, the 
transformer is not available for service.  

Expected transformer 
unavailability due to a 
major outage per 
transformer-year 

0.01 x 2.6/12 = 0.217% 
approximately 

On average, each transformer would be 
expected to be unavailable due to major 
outages for 0.217% of the time, or 19 hours in 
a year.  

Table 3: Statistical information on transformer reliability. 

3.8.11 Methodology for assessing risk at Sub-transmission Loop  

The methodology includes assessing magnitude, probability and impact of loss of load for each sub-transmission 
loop.  Sub-transmission loops are expected to fail with consequent loss of supply to all customers if an outage 
occurs whilst the loop is operating above its N-1 voltage collapse limit or above its N-1 thermal rating.    
 
The following key data are calculated for each sub-transmission line: 

¶ Hours at risk:  For a given demand forecast, this is the amount of hours per annum that a sub-

transmission loop operates above its firm rating. 

                                                      
13 More detailed analysis on this scenario can be found in Appendix 1 of the 2017 Transmission Connection Planning Report.  

A copy of the 2017 Transmission Connection Planning Report can be viewed at AusNet Servicesô website: 

http://www.ausnetservices.com.au/About+Us/Regulatory+Publications.html 

 

http://www.ausnetservices.com.au/About+Us/Regulatory+Publications.html
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¶ Load at risk: For a given demand forecast, this is the amount of load that would be lost should a failure 

of the 66 kV loop occur due to an outage occurring coincident with operation of the loop above its N-1 

rating. 

¶ Repair time: This is the time taken to repair and restore a 66 kV loop once it has failed due to overload 

following an outage event. 

¶ Expected unserved energy: For a given demand forecast, this is the probability that an outage occurs 

whilst the loop is operating above its N-1 rating multiplied by the load at risk multiplied by the repair time.  

This statistic provides an indication of the amount of energy, on average, that will not be supplied in a 

year. 

 
Risk assessments for each individual sub-transmission loop provide estimates of energy at risk and expected 
unserved energy based on the demand forecasts.   

3.8.12 Cost of sub-transmission line outages  

In estimating the expected cost of sub-transmission line outages, this report considers the first order contingency 
condition (óN-1ô) only.  It is recognised that there is a significant amount of energy at risk if two lines of a sub-
transmission loop are out of service at the same time, due to a major outage.  However, the probability of such 
an event occurring during peak load periods is quite low and therefore these events are not considered in this 
report.   

3.8.13 Base reliability statistics for sub-transmission lines 

Estimates of the expected unserved energy of each sub-transmission loop must be based on the expected 
reliability performance of the relevant sub-transmission lines.  The basic reliability data for sub-transmission lines 
has been established and is shown in Table 4.  
 

Urban Sub-
transmission Line 

1hr/line/year 
On average, each line would be expected to have 
one failure per annum each with a duration of one 
hour. 

Rural Sub-
transmission Line 

2hrs/line/year  
On average, each line would be expected to have 
two failures per annum each with a duration of one 
hour each.  

Table 4: Statistical reliability data for sub-transmission lines 

3.8.14 Feasible options for meeting forecast demand  

Developed options for a project may include demand management or other non-network solutions, refurbishment, 
replacement, augmentation, or a combination of these solutions.  The options for zone substation and 
sub-transmission loop energy at risk are economically assessed to identify feasible solutions. 
 
Network support in the form of demand management contracts and/or embedded generation, may individually or 
in combination with network augmentation, form feasible options for the elimination or mitigation of constraints.  
 
Zone substations and 66 kV loops are planned to be augmented immediately before reaching the óhurdleô rate, 
i.e. customersô are not exposed to expected unserved energy and corresponding costs in excess of the cost of 
capital for the augmentation.  However, the timing of network augmentation project completion will vary depending 
on the residual risk that is assessed after consideration of alternative solutions such as demand management 
contracts, embedded generation contributions and load transfers via Medium Voltage feeders that may either 
eliminate or mitigate the risk for a short period of time.  
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3.9 Significant changes in aspects of forecasts and information provided 

This section provides details required by schedule 5.8 (a) (5) in covering any aspects of forecasts and information 
provided in the Distribution Annual Planning Report that have changed significantly from forecasts and information 
provided in the preceding year. 

3.9.1 Forecasts 

Clyde North ï CLN13, CLN23 
 
The maximum demand forecasts at CLN zone substation and 22 kV feeders have changed this year when 
compared with last yearôs forecasts. The CLN13 and CLN22 22 kV feeders supply the area south of CLN in outer 
Melbourneôs southeast growth corridor. Although this area has experienced an increase in housing development 
over the past few years, the forecast growth for this area has only marginally changed from last year. There is a 
new proposal by a third party to install a Battery Bank to support load on CLN13 feeder by 2020. 
 
The CLN14, CLN21 & CLN23 22kV feeders supply North of CLN. This area also has experienced a growth in 
housing development. The latest forecast developed in 2018 indicates quite a high growth in this area compared 
to last year mainly on CLN23 feeder. A new feeder was established in Nov 2018 to address immediate loading 
issues of CLN14, CLN21 & CLN23 22kV feeders. However, another new feeder (CLN24) has been proposed to 
address CLN23 feeder loading by 2020. 
 
The maximum demand forecast for this zone substation for summer 2022/23 has increased from 74.8MVA to 
82.2MVA in comparison to last yearôs forecast.  
 
The preferred network option in the absence of a generation or demand side management solution is a third 66/22 
kV transformer.  
 
Cranbourneï CRE31 
 
The demand forecasts for CRE zone substation & CRE31 feeder have increased compared to last year.  The 
forecast for this zone substation for summer 2022/23 has increased from 49.5MVA to 58.6MVA in comparison to 
last year. Similarly, CRE31 feeder demand for the year 2020/23 has increased from 332A to 382A in comparison 
to last year due to mainly some feeder reconfigurations carried out in 2018.  
 
This feeder is situated in the South Eastern Growth Corridor and thus a new feeder CRE24 may be required in 
2022 to address the loading on CRE31. However, this requirement will be decided after summer 2018/19. 
 
Doreen ï DRN 11, DRN12, DRN13, DRN 21 
 
The demand forecasts for DRN zone substation have changed significantly compared to last year.  
 
The demand forecast for this zone substation for summer 2022/23 has increased from 67.4MVA to 76.5MVA in 
comparison to last year. 
 
DRN 11 and DRN 12 feeders were reconfigured in 2018 and as a result an increase in demand has occurred on 
DRN11 feeder, with a corresponding demand reduction on DRN12 feeder. 
 
Similarly, an increased in DRN21 demand forecast has occurred with a corresponding reduction in DRN21 feeder 
due to reconfiguration works carried out in 2018. These reconfigurations will be sufficient to meet the maximum 
demand forecasts on these feeders till 2022. 
 
Epping ï EPG13 
 
The demand forecasts for EPG zone substation and EPG13 feeder have increased in comparison to last year. 
 
The demand forecast for this zone substation for summer 2022/23 has increased from 68.6 MVA to 74.5 MVA in 
comparison to last year. 
The area supplied from EPG13 in outer Melbourneôs Northern growth corridor has experienced some growth in 
housing development.  
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Feeder reconfiguration was carried out in 2018 and further re-configuration will be used in 2020 to reduce the 
load on EPG13 till 2022.  
 
Officer ï OFR 23 & OFR 21 
 
The area supplied from OFR21 & OFR23 in outer Melbourneôs southeast growth corridor has experienced some 
growth in housing development over the last few years. However, as per this yearôs demand forecasts for OFR 
zone substation and OFR21 & OFR23 feeders, are expected to grow at a reduced rate in comparison to last year. 
As a consequence, it is not anticipating to build a new feeder or the second switchboard during the next 5 years.  
 
Merrijig ï MJG11 
 
The actual peak load of MJG11 feeder has been closely monitored since 2015 when the P10 winter peak forecast 
exceeded the winter feeder rating.  The 2018 winter peak readings were well below the feeder rating partly due 
to lower demand and also due to transfer of some loads from MJG11 feeder to MSD1 feeder. The load growth 
patterns in the Mt Buller Ski resort is closely monitored as new loads can easily exceed the feeder rating. 
 
Wodonga Terminal Station (WOTS) ï 22 kV Bus ï WOTS25 
 
This year five-year demand forecast for WOTS 22 kV feeders has been reduced compared to the last year and 
is more line with the actuals observed in last few years.  
 
The WOTS25 feeder summer peak forecasts P50 and P10 both continue to exceed the feeder rating and a 
number of load transfers have put in place to mitigate any feeder overloads if occur in 2018-19 summer. 
 
Leongatha ï LGA12, 14, 21 
 
The Maximum Demand experienced last summer for each of these feeders exceeded the forecast. On that basis 
the forecast has been adjusted to reflect the increase, resulting in a 21% increase in the 5 year forecast for LGA12, 
and 36% increase for LGA14 and a 109% increase for LGA21. Some other feeders from LGA have had a 
decrease in forecast, so overall there is no impact on the Zone Substation. 
 
Maffra - MFA23 

 
The 5 year forecast for MFA23 has increased by 38% from 68A to 94A. There are no rating issues on the feeder 
associated with this increase. 
 
Moe - MOE13 

 
The 5 year forecast for MOE13 has increased by 26% from 163A to 205A due to the maximum demand last 

summer exceeding the forecast. This feeder will be monitored as the rating may be exceeded during the forecast 

period. 

 
Morwell Terminal Station (MWT) - MWT11, 21, 24, 34 

 
This station had a high number of configuration changes during the summer period which has impacted on the 
forecast loads for MWT11, 21, 24 and 34. Feeders were transferred to neighbouring substations, or adjacent 
feeders for Dec/Jan during the RERT generator commissioning activities. It is anticipated that the forecast will 
return to normal this summer. 
 
Sale ï SLE31 & SLE32 

 
Both of these feeders experienced MDôs greater than forecast for last summer. The 5 year forecasts have 
increased by 39% and 30% respectively on this basis. SLE31 will be monitored as it may exceed its rating during 
the forecast period. 
 
Traralgon ï TGN11,12, 23, 41, 43, 44, TGN Z/S 

 
TGN44 was introduced prior to last summer, which meant a number of feeders were re-configured. As a result, 
the 5 year forecast for TGN12 has dropped by 55% (264A to 119A). TGN11, 23, 41 and 43 all exceeded their 
forecast and as a result the 5 year forecast for these feeders has been adjusted by 21%, 31%, 27% and 21% 
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respectively. TGN Z/S exceeded its forecast by 23% which has resulted in the 5-year forecast being increased 
by 20%. 
 
Warragul ï WGL12, 13, WGL Z/S 
 
The customer growth around the Longwarry, Drouin and Garfield areas has contributed to WGL zone substation 

exceeding its forecast by 20% last summer. WGL12 and WGL13 feeders also exceeded their forecast by 32% 

and 17% respectively. This has resulted in the 5 year forecast for these feeders increasing by 37% and 33%. The 

WGL forecast has increased by 30%. As a result, a reconfiguration of the feeders around WGL will be carried out 

this year to ensure there is sufficient capacity. 

 
Wonthaggi ï WGI12, 13 
 
Both of these feeders experienced MDôs greater than forecast last summer. As a result, the 5 year forecast for 

these feeders has increased by 30% and 27% respectively. The rating of these feeders is not expected to be 

exceeded during the forecast period. 

 
Table 5 summarises the comparison of 2017 and 2018 forecast demand after five years for the locations 
highlighted above.  
 
 

Demand As per 2017 DAPR As per 2018 DAPR % change 

 Forecast 2021/22 Forecast 2022/23  

CLN ZSS  - MVA 72.7 82.2 13.2% 

CLN13 - Amp 407 405 -0.4% 

CLN23 ï Amp* 399 405 +1.5% 

CLN14 ï Amp* 321 309 -3.7% 

DRN ZSS  - MVA 66.8 76.5 +14.5% 

DRN12 ï Amp* 382 337 -11.7% 

DRN21 - *Amp 139 324 +133% 

EPG13* 401 427 +6.4% 

OFR23 494 543 +10% 

OFR21 491 348 -29% 

CRE31 332 382 +15% 

LGA12 88 106 21% 

LGA14 89 122 36% 

LGA21 58 121 109% 

MFA23 68 94 38% 

MOE13 163 205 26% 

MWT11 139 241 74% 

MWT21 172 208 21% 

MWT24 181 93 -49% 

MWT34 65 100 54% 

SLE31 213 296 39% 

SLE32 192 250 30% 

TGN ZSS - MVA 42.9 51.5 20% 

TGN11 247 300 21% 

TGN12 264 119 -55% 
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TGN23 154 202 31% 

TGN41 92 116 27% 

TGN43 214 260 21% 

TGN44 0 178 NEW 

WGL ZSS - MVA 64.2 83.4 30% 

WGL12 308 422 37% 

WGL13 283 376 33% 

WGI14 160 209 30% 

WGI23 129 163 27% 

Table 5: Bus Load forecast adjustment. 

4 Forecast for the Forward Planning Period  

This section addresses forecasts for the forward planning period specified in schedule 5.8 (b) of the National 
Electricity Rules (NER).  It presents the actual demand and demand forecasts and describes the methodology 
used for forecasting. 

4.1 Forecasting methodology, data sources, and assumptions  

Schedule 5.8 (b)(1) of the NER covers the forecasting methodology used, sources of input information, and the 
assumptions applied. 
 

Our environment is becoming increasingly dynamic which requires a more granular approach with increased 

modelling flexibility to incorporate Distributed Energy Resources (DER). In recognition that we need to be more 

adaptive to customer behaviours the methodology has been changed from prior years. The major changes are: 

 

¶ ñBottom upò granular approach (enabled by AMI data and analytics), rather than a ñtop downò approach. 

¶ Customer loads categorised by customer class rather than combined ï allows temperature impacts to 

be applied to residential only, rather than to all customers indiscriminately. 

¶ Maximum demand uplifts based on cumulative temperature impacts, which is a stronger relationship 

than peak temperature. 

 
The forecast demands of AusNet Servicesô zone substations and sub-transmission lines over the next five 
calendar years are shown in Section 4.2 and 4.3 for both summer and winter periods.  These sections also include 
the historic maximum demand loads (i.e. last yearôs actual demand) and the installed transformer capacity at 
these stations.  The maximum demand estimates are based on: 
 

¶ Forecast customer growth rates using: 

o Victorian population/household projections from the Victorian Department of Environment, Land, 

Water and Planning for residential customers (VIFSA level). 

o Historical Trends for both residential and commercial customers, and their inter-relationships. 

o Expected major load changes (e.g. new factory, shopping centre, etc.) where they exceed 5% 

of current load or where they exceed growth forecast. 

o Load transfers to other stations. 

¶ Forecast technology uptake for solar, batteries, and electric vehicles from AEMO, geospatially distributed 

to the network (future inclusion in modelling of demand impacts) 
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¶ Customer centric approach using AMI and non AMI interval data from individual customers  

o Including breakdown by build year, as determined from first tariff implementation, to forecast 

future demand  

¶ The correlation between cumulative temperature effects and demand 

¶ Adjustment of values based on difference between historical, actual network data and interval data 

¶ Expected improvement in reactive flow due to capacitor installations (both station and pole mounted 

capacitors). 

¶ Planned addition of new zone substations and feeders. 

4.1.1 Data Sources 

Residential customer figures have been determined independently by AusNet Services (2017: Medium to high 
growth scenario) and also from the Victorian Governments report óVictoria in Future 2016ô (Population and 
household projections to 2051) (2018). A comparison of the methods showed a good agreement between most 
zone substations with high growth feeders having lower growth under the governmentôs estimates by Dec 2026 
Residential solar customer numbers also showed reasonable agreement however the capacity values showed 
more deviation due to average size assumptions increasing from 4kW, in 2017, to 6kW, in 2018, due to supply 
and policy changes. AusNet Services 2017 forecast was performed on a detailed zone substation and feeder 
basis and was used to inform the geographic distribution of residential figures from the 2018 forecast.  Figure 8 
below shows the comparison of AST and AEMO forecasts. 
 

 
 

Figure 8: Comparison of AST and AEMO forecasts: Residential Customers (ResCust), Residential Solar Customers 

(ResSolCust) and Residential Solar Capacity (SolkW)  

 
Figure 9 below shows the comparison of AusNet Services and AEMO forecasts by zone substation. 
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Figure 9: Comparison of AST and AEMO forecasts by zone substation (cln: Clyde North, drn: Doreen, hpk: Hampton 

Parl, ofr: Officer) 

 
AEMO forecasts have been used for high level DER (solar, batteries, electric vehicles) values. AusNet Servicesô 
geographical attributes have been used to disperse these devices at the feeder level. At this stage, new DER 
connections are not explicitly included in the maximum demand forecasts as they do not yet have a material 
impact, however that modelling will be included in future. Commercial customer figures were prorated based on 
AusNet Services 2017 forecast with an uplift in commercial solar capacity based on the AEMO DER forecasts. 
 
Figure 10 below shows an example of the data sources and how they are incorporated to forecast residential 
solar uptake. 
 

 

Figure 10: Flowchart of data sources and high level methodology to determine residential customer distribution and 

solar uptake 

 
Interval data from both AMI and non AMI meters is collected in half hourly intervals and used as a proxy for 
megawatts (MW). Demand data is sourced from System Control and Data Acquisition (SCADA) meters or a 
series of meters at each connection point that AusNet Servicesô forecasts. For feeder forecasts, amperes are 
obtained and translated into megawatts (MW) using an appropriate power factor, while for Zone Substations, 
forecasts in megawatts (MW) and mega volt-amperes reactive (MVAr) are calculated to derive mega volt-
amperes (MVA) forecasts. The discrepancy between interval and SCADA values is made up of system losses, 
unmetered supplies, HV customers, etc. and is compensated with an adjustment when the forecast values are 
determined from the interval data.  
 
A range of AusNet Services attributes and trends are used including: the relationship between different customer 
classes; geographic and customer attributes which may affect uptake rates of Distributed Energy Resources 
(DER) over time; DER resource sizing, etc. Billing information is used to determine customer classes (by tariff) 
and provide a proxy for the build date of the dwelling. All residential customers (non-solar and solar) are treated 
similarly which implies an inherent level of solar penetration. Network configuration data identifies which 
customers are attached to a feeder over time and hence the appropriate amalgamation of interval data to higher 
network levels.  
 
Periodic temperature data has been accessed from three BOM weather stations representing the three major 
geographical areas. Cumulative times above temperatures are used to forecast P10 and P50 events rather than 
maximum daily temperatures. The unitised demand, average demand per customer, has been calculated over a 
range of years (2014-2018) to obtain enough data to determine the Cooling Degree Day (CDD) to demand 
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relationship. Application of thermal relationships has concentrated on 2017/18 summer loads (which had more 
hot days than the prior 2 summers) as the most complete and up to date set of data, excluding multi-year 
differences, to determine current demand loads for build year comparisons. While this year has not produced a 
P10 event there was enough high thermal event data to provide confidence in predicting future demand levels 
relative to earlier dwellings. 
  

4.1.2 Demand forecast methodology  

AusNet Services uses a relationship between demand (total demand divided by the number of customers 
connected at the time of demand) and cumulative heating to determine forecasts. The current focus is the thermal 
impact on residential customers who show a more responsive and consistent relationship compared to many 
commercial / industrial customers who tend to have more static loads. This is an enhancement on the prior 
methodology which did not disaggregate residential and commercial loads. 
 
The Cooling Degree Day (CDD) values on the day and prior day are used to determine a relationship with 
demand. This relationship is determined for weekday or weekend values (days over 30C) but not both combined 
as behaviour is noticeably different between these periods, an enhancement on the prior methodology. The 
unitised demand has been calculated over a range of years (2014-2018) to obtain enough data to determine a 
relationship. The same customers were used in each year to calculate the unitised rate based on their current 
configuration in the network. A potential source of error is the variation of which customers are included each year 
but no significant issues were identified, further investigation work will be done in the future on this issue. 
 
Consideration of long term trends was required due to the large number of feeders that peaked on Sunday 28/1/18 
this year (eg some feeders generally peak on a week day with large contributions from commercial and industrial 
loads). Curated data, assigning a proxy Maximum Demand (MD) day, has been used to improve the consistency 
for these feeders. The curated data sets (which may use a combination of different days) may result in a different 
value and time of day for the MD than was seen this year, but is more appropriate for forecasting future demands. 
A consistent methodology is applied with these relationships determined for respective maximum demands at 
each level: feeders, zone substation and terminal station. 
 
Thermal relationships were applied to Maximum Demand (MD) day data to uplift demand to POE50 and POE10 
levels. This could lead to underestimating industrial/commercial contributions to peak loads (Critical Peak Days 
(CPD) also impact assessments). Determination of a ñCurated MDò was considered the best option to account 
for underestimating peak demand for weekdays and days where the residential profile was not appropriate. 
 
Figure 11 shows an example of maximum demand in a day related to cumulative heating with the higher loads 
occurring on days with higher cumulative heating: Highest ï 28/1 (MD), heat factor = 18; Middle ï 27/1, heat factor 
= 13; Lowest ï 10/3, heat factor = 6, regardless of the lowest two days having a similar temperature. The figure 
also illustrates the higher demands for older dwellings (2001 represents all dwellings from 2001 and earlier) 
consistent across different days and feeders with red indicating the highest loads and green the lowest. Due to 
the timing of the maximum day loads solar has contributed very little to load reduction. 
 

 

Summer18 2001-2016 Residential (RE) Only - excludes solar (>49cust)

Feeder

All 

kW/Cust

All 

Cust

RE % 

Cust

RE % 

Load

RE 

kW/Cust 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

28/01/18 MaxTemp 37.8 cln12 2.08 4504 75% 63% 1.75

Sun Solar Insol 29.5 cln13 2.08 5025 88% 69% 1.63

18:30 Heat Factor 28 10.4 cln14 2.48 4182 81% 67% 2.06

MaxD Heat Factor 27 7.9 cln21 2.52 3826 77% 58% 1.88

Heat Factor 27+28 18.3 cln22 3.75 1255 51% 28% 2.09

cln23 2.23 5966 83% 76% 2.03

27/01/18 MaxTemp 34.6 cln12 1.53 4486 75% 67% 1.37

Sat Solar Insol 26.1 cln13 1.64 5009 88% 69% 1.28

17:30 Heat Factor 27 7.9 cln14 1.93 4201 81% 69% 1.65

Heat Factor 26 5.3 cln21 2.04 3801 77% 57% 1.50

Heat Factor 26+27 13.2 cln22 3.17 1257 50% 24% 1.50

cln23 1.68 5954 83% 79% 1.59

10/03/18 MaxTemp 35.3 cln12 1.34 4510 75% 63% 1.12

Sat Solar Insol 21.4 cln13 1.35 5171 88% 67% 1.02

18:00 Heat Factor 10 3.8 cln14 1.60 4225 81% 65% 1.28

Heat Factor 9 2.4 cln21 1.70 3814 77% 54% 1.19

Heat Factor 9+10 6.2 cln22 2.71 1300 53% 24% 1.22

cln23 1.38 6053 84% 74% 1.22
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Figure 11: Example of maximum day unitised loads for feeders in Clyde North (cln) with varying levels of residential 

penetration (including solar customers) for three days with different thermal characteristics ï highest loads (red) on 

days with more thermal impact, higher loads on older dwellings 

 
The Maximum Demand (MD) day has been used to determine the House Age relationship and predict future 
trends as the loads are highest on this day assuming a strong thermal relationship with lower impact from other 
factors. Solar had little impact on most values due to the late timing on the day of the MD event. Figure 12 shows 
demand by build year on Clyde North zone substation showing a general reduction over time. This relationship 
has been used to forecast two further years into the future before values are made constant. As customer makeup 
changes into the future, attrition is removed from the oldest group of customers, with new customers added based 
on future demand values, resulting in a reduction in average demand over time.  
 
No additional energy efficiency impacts have been included in the modelling as an assessment of the same 
houses over time showed no significant improvements between years. Temperature variation was a much greater 
driver of demand change dwarfing any efficiency changes that may have been present from appliance 
replacement. 

Figure 12: Example of variation in demand by build year of residential dwelling 

Individual day profiles are determined for each customer class. These profiles are adjusted to reflect thermal 
impacts (currently residential only) and movement in customer numbers. This method will allow the flexibility to 
add solar, battery and electric vehicle profiles in future forecasting. These profiles are then added together to 
determine the forecast MD and the coincident peak point in time. This allows for movement in the time of day that 
the MD may occur in the future and the associated value of the MD. As described above any discrepancy between 
interval values and network measured maximum demands are added back as an adjustment. 
 
In special cases, where the above theory cannot reliably be applied, such as summer peak demands resulting 
from hot water systems, a manual adjustment is made to reflect the anticipated peak demand. 

4.1.3 Forecast customer and technology growth rates 

The current AusNet Services residential customer connection growth forecasts rely primarily on published 
Victorian Government projection information contained in its ñVictoria in Future Small Areasò (VIFSA) data set. 
The five year dwelling values have been used as a basis for AusNet Services cumulative dwelling figures with 
some adjustments to reflect recent actual rates and smoothing applied to the five-year growth rates. AusNet 
Services growth rates are slightly lower, as expected, than overall Victorian growth rates as shown in Figure 13 
below given that projected growth is expected to be higher in regions outside of AusNet Services. ñIn Victoriaôs 
regions the largest numbers of projected extra dwellings, and thus largest concentrations of population growth, 
are in the major regional cities and in areas close to Melbourne. Between 2011 and 2031, the three largest LGAs 
by population (Greater Geelong, Greater Bendigo and Ballarat) are projected to account for approximately half of 
the population growth in Victoriaôs regions.ò 
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Figure 13: Residential Customer forecast based on Victorian Government dwelling forecasts 

In order to distribute and localise these projections across the respective elements within the AusNet Services 
electricity network, the VIFSA data is translated into the respective Zone Substation (ZSS) areas (see Figure 14), 
and then apportioned across the 22kV Feeders that exit from those ZSSs. The methodology for carrying out this 
distribution is to apply actual AusNet Services customer connection attributes and trends pertaining to those areas 
and to extrapolate as required. Guidance from planners for some apportionment between feeders in growth areas 
has also been included. Dwelling attrition rates have been based on historic trends with new builds determined 
from both attrition and cumulative dwelling figures. 
 
Estimating future commercial/Industrial customer movements is less certain, as there is a lack of dependable 
sources of data on which to base the forecast, and they represent a much smaller proportion of customer 
numbers.  
 
The technique used by AusNet Services is to apply the relationship between the respective ZSS/feeder residential 
customer make-up, and the established commercial/industry on each feeder, and to consider future residential 
trends to act as an indicator for the growth/decline. A moderator to this is the available general trend data around 
commercial and industrial movements. Larger commercials and industrial customers require special 
consideration and this tends to result in manual interventions. 
 

 

Figure 14: Residential Customer Forecasts on Zone Substations 

 
The current AusNet Services method of determining residential customer solar PV generation uptake forecasts 
starts by confirming the existing installations (scale, capacity and specific AusNet Services characteristics), then 
applying the published AEMO Victorian PV generation forecast capacities (apportioned between DNSPs eg. 
using REC data), which is then geospatially distributed across the electricity network topology in accordance with 
a range of specific modelling factors. 
 
The applied analytical modelling considers customer growth, PV connection statistics, ABS demographic data, 
energy profiles, billing information, as well as the VIFSA related customer growth forecasts, to derive a locational 






















































































































































































































