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EXECUTIVE SUMMARY

This document sets out a joint report on transmission connection asset planning in Victoria,

prepared by the five Victorian electricity Di st ri but i on Bu st inacsosdanse ( it he
with the transmission connection planning requirements of Clause 3.4 of the Victorian

Electricity Distribution Code and clause 5.13.2 of the National Electricity Rules (the Rules).

Under their Electricity Distribution Licences, the DBs have responsibility for planning and
directing the augmentation of the facilities that connect their distribution systems to the shared
transmission network?. The assets connecting the DBsddistribution networks to the shared
transmission network are known as transmission connection assets. Those assets provide
prescribed transmission services in accordance with Chapter 6A of the Rules. Apart from the
connection assets at Deer Park terminal station which are owned, operated and maintained
by TransGrid, the transmission assets that provide DB connection services are located within
terminal stations which are owned, operated, and maintained by the transmission asset
owner, AusNet Transmission Group.

The Victorian jurisdiction has not set deterministic planning standards that apply to
transmission connection assets. However, clause 5.2 of the Victorian Electricity Distribution
Code requires the DBs to use best endeavours to meet, among other things, reasonable
customer expectations of reliability of supply.

For the purpose of identifying emerging constraints, and subject to meeting the standards in
schedule 5.1 of the Rules and complying with the Victorian Electricity Distribution Code, the
DBs apply a probabilistic planning approach. That approach involves estimating the
probability of a transmission plant outage occurring, and weighting the costs of such an
occurrence by its probability. This calculation enables the assessment of:

1 the expected amount (and value) of energy that will not be suppliedunder a 6édo not
scenario, and

1 whether it is economic to take action to reduce or eliminate the expected supply
interruptions.

The D B safproach is consistent with the probabilistic approach applied by the Australian
Energy Market Operator (AEMO) in planning the Victorian shared transmission network®. An
important point to note about the use of a probabilistic approach is that it involves customers
accepting the risk that there may be circumstances when the available terminal station
capacity will be insufficient to meet demand, and significant load shedding could be required.

An estimate of the value that customers place or
probabilistic network planning. Pursuant to new obligations conferred on the AER by a recent

1 The five DBs are: Jemena Electricity Networks (Vic) Ltd, CitiPower, Powercor Australia, United Energy,
and AusNet Electricity Services Pty Ltd. AusNet Electricity Services is owned by AusNet Services, a
diversified energy infrastructure business that also owns the Victorian electricity transmission system.
Throughout this document fi A u stdl the trafsmissiors business of AusNeGr oup 0 1 €
Services and i Aus Net Electricity Serviceso refers t o
Services.

2 The shared transmission network is the main extra high voltage network that provides or potentially
provides supply to more than a single point. This network includes all lines rated above 66 kV and main
system tie transformers that operate at two or three voltage levels above 66 kV.

3 See: http://www.aemo.com.au/-
/media/Files/Electricity/NEM/Planning _and Forecasting/Victorian Transmission/2016/Victorian-
Electricity-Planning-Approach.pdf
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Rule change, the AER expects to publish an updated VCR estimate in December 2019.
Unfortunately, the AEROGs updated estimate
report, so we have used the latest available estimate which was published by AEMO in its
September 2014 VCR Final Report?*, escalated to 2019 dollars.

In accordance with Part D (Network Planning and Expansion) of Chapter 5 of the Rules, the
planning standard applied by the DBs in relation to transmission connection assets is the
Regulatory Investment Test for Transmission (RIT-T), the purpose of which is set out in
clause 5.16.1(b) of the Rules as follows:

firo identify the credible option that maximises the present value of net economic benefit to all
those who produce, consume and transport electricity in the market (the preferred option). For
the avoidance of doubt, a preferred option may, in the relevant circumstances, have a negative
net economic benefit (that is, a net economic cost) where the identified need is for reliability
corrective action [ €0

It is noted that Areliability corrective act

or non-network options) to satisfy the technical requirements of schedule 5.1 of the Rules or
an applicable regulatory instrument, such as the Victorian Electricity Distribution Code.

The assessment presented in this report, and summarised in the table on the following pages
sets out the DBs6®6 Transmi ssi 02019.Clbis emplasisedotmat
this report does not present the detailed investment decision analysis that is required under
the RIT-T. Rather, the report presents a high-level indication of the expected balance
between capacity and demand at each terminal station over the forecast period, and the likely
investment requirements.

Data presented in this report may indicate an emerging major constraint. Therefore, this
report provides a means of identifying those terminal stations where further detailed
consultation and analysis, in accordance with the RIT-T, is required. This report also provides
preliminary information on potential opportunities to prospective proponents of alternatives to
network augmentations at terminal stations where remedial action may be required. Providing
this information to the market should facilitate the efficient development of network and non-
network solutions to best meet the needs of load customers.

The DBs are required by clause 3.4 of the Victorian Electricity Distribution Code to provide,
among other things, an indication of the magnitude, and potential impact of loss of load for
each transmission connection.

4 See: http://www.aemo.com.au/Electricity/Planning/Value-of-Customer-Reliability-review
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This information is summarised in the table on the following pages, in the form of estimates of
fexpect ed un s°dor @aehdernenal estatigryim the year in which augmentation of
the terminal station is likely to be required. Expected unserved energy estimates are provided
for two forecasts of demand: the first forecast has a 10% probability of being exceeded, while
the second forecast has a 50% probability of being exceeded. The demand forecasts used in
the preparation of this report are set out in the 2019 Terminal Station Demand Forecasts,
which are prepared by the DBs and published alongside this report.

For each terminal station, the table also identifies alternatives to network augmentation that
may alleviate constraints. Following the summary table is a map showing the approximate
locations of the existing transmission to distribution connection terminal stations.

It is noted that as conditions change, and as new information becomes available, the
indicative timing of any remedial action required to address an emerging constraint or possible
non-compliance with an applicable standard may also change. For instance, changes in
demand forecasts from one year to the next may result in changes in the timing of remedial
action at some stations. Further details are set out in the individual risk assessments for each
of the terminal stations.

In accordance with their obligations under the Rules to undertake joint planning, the DBs have
also provided the transmission connection point data for sites with limitations as specified in
section 4. 1s TrarfsmigsibneAnndaE Raimning Report (TAPR) Guideline. The data
provided by the DBs is published alongside this Transmission Connection Planning Report,
for AEMO to incorporate into the next Victorian TAPR.

Parties seeking further information about any matter contained in this report should contact
any one of the following people:

1 Adam Ryan, Network Optimisation Manager, CitiPower / Powercor, phone 9683 4380.

91 Jason Pollock, Lead Engineer, Strategic Network Planning, AusNet Electricity Services,
phone 9695 6490.

1 Rodney Bray, Manager Network Planning and Strategy, United Energy, phone
8846 9745.

1 Rudi Strobel, Customer & System Planning Manager, Jemena, phone 9173 8560.

Any of these contact officers will either be able to answer your queries or will direct you to the
organisation that is best placed to provide you with the information you are seeking.

5 Throughout this report, the termsedearengyy @tamre skdedntdo
indication of the magnitude, and potential impact of loss of load for each terminal station. Unless stated
otherwise, in this report:

AEnergy at risko is, for a given f or edesppledfomhademand,
terminal station if: a major outage of a transformer occurs at that station in a specified 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 energy that would arise in the unlikely event of a

major outage of a transformer.

AfAExpected unserved energyo is the energy at risk w
transformer, where a fmaj or asa méaadyation af 26 nibmts.i This d a s
statistic provides an indication of the amount of 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 because of a major outage.

ei ¢
one
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Summary of risk assessment and options for alleviation of constraints

Terminal Station

Indicative
timing for
completion of
preferred
network
solution (using
2019 VCR)

Expected unserved energy for the
year shown in the column to the left
(in MWh, and valued at 2019 VCR)

10t percentile
demand forecast

50t percentile
demand forecast

Preferred network solution

Indicative annual
cost of preferred
network solution

Potentially feasible non-
network solutions

Altona i Brooklyn
(ATS/BLTS)

No demand-driven augmentation of cap.

acity is expected to be required within the ten year planning horizon.

Altonano 3 & 4 2025 39.6 MWh 22 MWh Install additional transformation capacity $0.92 million Demand reduction;
(ATS West) 66 kV ($1.5 million) ($0.84 million) and reconfigure 66 kV exits at ATS. Local generation.
Ballarat (BATS) Not before 2029 1.9 MWh in 2029 | 0.17 MWh in 2029 | Install a third 150 MVA 220/66 kV $0.71 million Demand reduction
($70,200) ($6,400) transformer. A 30 MW 30 MWh battery

storage system connected to one of the

220/66/22 kV transformers will be able to

help supply load for a period of time and

may defer the need for any capacity

augmentation within the forecast period
Bendigo 22 kV No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(BETS 22 kV)
Bendigo 66 kV Not before 2029 | 11.9 MWh in 2028 | 5.2 MWh in 2028 | Install an additional 150 MVA 220/66 kV $0.92 million Demand reduction;
(BETS 66 kV) (%$0.4 million) ($0.17 million) transformer. Local generation
Brooklyn 22 kV No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(BLTS 22 kV)
Brunswick 22 kV | No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(BTS 22 kV)
Brunswick 66 kV | No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(BTS 66 kV)
Cranbourne 2019/20 64 MWh 15.6 MWh Install a fourth transformer. After load $1.3 million Demand reduction;
66 kV (%$2.45 million) (%$0.6 million) transfers and emergency ties are taken Local generation.

(CBTS 66 kV)

into account, the optimal economic timing
of augmentation is estimated to be
deferred by 2 years (to 2022/23).
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Ipd!cative Expected unserved energy for the Indicative annual . .
. . timing for . . Potentially feasible non-

Terminal Station combpletion of year shown in the column to the left Preferred network solution cost of preferred network solutions

prgferred (in MWh, and valued at 2019 VCR) network solution

network 10" percentile 50t percentile
solution (using | demand forecast | demand forecast

2019 VCR)
Deer Park 2027 32.6 MWh 5.7 MWh Procure a dedicated spare transformer $0.3 million Demand reduction;
(DPTS) ($1.35 million) ($0.23 million) Local generation.
East Rowville No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(ERTS)
Fishermans Bend | No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon
(FBTS)
Frankston (FTS) No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
Geelong (GTS) Not before 2029 5.2 MWh 0.55 MWh Install a fifth transformer. $0.92 million Demand reduction;

($215,400) ($22,750) Local generation
Glenrowan No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(GNTS)
Heatherton (HTS) | Not before 2029 0.6 MWh Nil Establish a new 220/66 kV terminal $3.6 million Demand reduction;
($22,000) station in Dandenong. This option Local generation

alleviates a number of emerging
transmission, connection asset and sub-
transmission limitations including at HTS.

Horsham (HOTS)

No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.

Heywood
(HYTS 22 kV)

A 22 kV point of supply was established in late 2009, by utilising the tertiary 22 kV on 2 of the existing 3 x 500/275/22 kV South Australian / Victorian
interconnecting transformers. The station presently supplies a small number of customers in the local area. There is sufficient capacity at the station to
supply all expected 22 kV load over the forecast period, even with one transformer out of service.

Keilor (KTS)

Not before 2029

2.1 MWh
($88,500)

Nil

No augmentation of capacity is expected
to be required within the ten year
planning horizon. Over the forecast
period, the risk to supply reliability will be
mitigated through contingency plans to
transfer load quickly, where possible, to
adjacent terminal stations.

N/A

Demand reduction;
Local generation

Kerang (KGTS)

No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
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EIEETTE Expected unserved energy for the Indicative annual
. . timing for P . 9y . Potentially feasible non-

Terminal Station combpletion of year shown in the column to the left Preferred network solution cost of preferred network solutions

prgferred (in MWh, and valued at 2019 VCR) network solution

network 10" percentile 50t percentile
solution (using | demand forecast | demand forecast

2019 VCR)
Malvern 22 kV No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(MTS 22 kV)
Malvern 66 kV No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(MTS 66 kV)

Mount Beauty
(MBTS)

At times of high demand and with low output from Clover Power Station a transformer outage at MBTS could result in the loss of some customer load for a
period of no more than 4 hours, as the fAhot sApaacoseobappraximatety ff2ommilliome it woald nottbén e
economic to install full switching of the hot spare transformer at MBTS during the 10 year planning horizon to eliminate this risk.

Morwell (MWTS)

Demand at MWTS is forecast to decline slightly over the ten year planning period. Bai rnsdal e Power Stationds contra
to AusNet Services expires in March 2020. A feasible option would be to recontract network support services from Bairnsdale or another network support
service provider in the area. AusNet Services is currently undertaking a regulatory investment test for distribution (RIT-D) to address sub-transmission
limitations in the East Gippsland area, and will shortly publish a non-network options report. Continued availability of Bairnsdale and other embedded
generation over the ten year planning horizon will obviate the need for network augmentation.

Red Cliffs 22 kV
(RCTS 22 kV)

No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.

Red Cliffs 66 kV
(RCTS 66 kV)

N/A Demand reduction;

Local generation

The current and forecast level of
expected unserved energy at RCTS 66
indicates that implementation of a
network solution is unlikely to be
economic over the ten year planning
horizon. A contingency plan to transfer
approximately 25 MVA from RCTS 66 to
WETS will be implemented in the event
of the loss of one of the RCTS 220/66 kV

Not before 2029 1.65 MWh

($56,250)

0.11 MWh
($3,900)

transformers.
Richmond 22 kV No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(RTS 22 kV)
Richmond 66 kV Over the first year (2020) of the ten year planning horizon there is some load at risk at the station. This will be managed through the use of a fourth
(RTS 66 kV) temporary 150 MVA transformer. After the 2020 summer, MP zone substation will be transferred from RTS to BTS and this removes the load at risk until

2028 when the 10™ percentile demand forecast will reach the N-1 rating and at this point load transfers will be used to manage any load at risk. Therefore,
the need for augmentation of capacity at RTS 66 kV is not expected to arise over the next ten years.
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Terminal Station

Indicative
timing for
completion of
preferred
network
solution (using
2019 VCR)

year shown in the

10" percentile
demand forecast

Expected unserved energy for the

column to the left

(in MWh, and valued at 2019 VCR)

50t percentile
demand forecast

Preferred network solution

Indicative annual
cost of preferred
network solution

Potentially feasible non-
network solutions

Ringwood 22 kV
(RWTS 22 kV)

No demand-driven augmentation of cap.

acity is expected to be required within the ten year planning horizon.

Ringwood 66 kV
(RWTS 66 kV)

To be ANO a-fd
determined, but expected
estimated to be unserved energy
around 2023 124 MWh in
2028/29
($4.8 million)

Nil

Rebalancing loads across the two bus
groups at the station could be

i mpl emented to
bus group 1-3. AusNet Electricity
Services and United Energy will jointly
identify the works required to rebalance
loads in the most efficient manner,
following which the cost and optimal
timing of the required works will be
established.

mana

To be determined

Demand reduction;
Local generation

Shepparton No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.
(SHTS)
South Morang Not before 2029 23 MWh in 6 MWh in 2028/29 | Install a third 225 MVA 220/66 kV $1.1 million Demand Reduction
(SMTS) 2028/29 assuming assuming no transformer at SMTS. (including the cost | Embedded generation
no generation generation from of fault limiting
from Somerton PS Somerton PS reactors)
($0.83 million) ($0.21 million)
Springvale Not before 2029 0.15 MWh Nil Establish a new terminal station in the $3.6 million Demand reduction;
(SVTS) ($6,000) Dandenong area to off-load SVTS. Local generation
Templestowe Not before 2029 1.4MWh 0.1 MWh Install a fourth 150 MVA 220/66 kV $1 million Demand reduction;
(TSTS) ($51,000) ($3,100) transformer at TSTS. Local generation
Terang (TGTS) Not before 2029 32.7 MWh 4.1 MWh Install a third 220/66 kV transformer $0.92 million Demand reduction;
(%$1.3 million) ($0.16 million) (150 MVA) at TGTS Local generation

Thomastown
(TTS)

No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.

Tyabb (TBTS)

No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.

Page 9




2019 Joint DB Transmission Connection Planning Report

Terminal Station

Indicative
timing for
completion of
preferred
network
solution (using
2019 VCR)

Expected unserved energy for the
year shown in the column to the left
(in MWh, and valued at 2019 VCR)

10" percentile
demand forecast

50t percentile
demand forecast

Preferred network solution

Indicative annual
cost of preferred
network solution

Potentially feasible non-
network solutions

Wemen (WETS)

No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon. Additional generation, however, may require
augmentation of transformer capacity, the cost of which would either be met by the connecting generator(s), or would be recovered from load customers

where a RIT-T demonstrates that the augmentation delivers net market benefits.

West Melb 22 kV
(WMTS 22 kV)

No augmentation of capacity is expected to be required within the ten year planning horizon. Under joint plans developed by CitiPower and AusNet
Transmission Group, existing load supplied from WMTS 22 kV will be transferred to adjacent stations to enable the retirement of all of the existing

WMTS 22 kV systems by the end of 2025.

West Melb 66 kV
(WMTS 66 kV)

No demand-driven augmentation of capacity is expected to be required within the ten year planning horizon.

Wodonga Not before 2029 | 1.4 MWh in 2029 | 0.05 MWh in 2029 | In view of the forecast level of expected N/A Demand management;
(WOTS) ($60,000) ($3,000) unserved energy, there are currently no Local generation
excluding excluding plans to implement a network solution
generation from generation from | within the ten year planning horizon.
Hume PS or any Hume PS or any
other source other source
6 Refer to AEMO&6s | SP for detailed generation capacity available across

https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan

Victori a,
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1 INTRODUCTION AND BACKGROUND

1.1 Purpose of this report

This document sets out a joint report on transmission connection asset planning in
Victoria, prepared by the five Victorian electricity Distribution Businesses (the DBs)’, in
accordance with the requirements of clause 3.4 of the Victorian Electricity Distribution
Code?® and clause 5.13.2 of the National Electricity Rules (the Rules)®.

It is emphasised that this report does not present detailed investment decision analyses.
Rather, the report presents a high-level indication of the expected balance between
capacity and demand at each terminal station'® over the forecast period, and the likely
investment requirements.

Data presented in this report may indicate an emerging major constraint. Therefore, this
report provides a means of identifying those terminal stations where further consultation
and detailed analysis - in accordance with the Regulatory Investment Test for
Transmission - is required. This report also provides preliminary information on potential
opportunities to prospective proponents of alternatives to network augmentations at
terminal stations where remedial action may be required. Providing this information to the
market should facilitate the efficient development of network and non-network solutions to
best meet the needs of load customers.

1.2 Victorian joint planning arrangements for transmission connection
assets

In Victoria:

1 as explained in further detail in section 1.3.1 below, the DBs have responsibility for
planning and directing the augmentation of the facilities that connect their distribution
systems to the Victorian shared transmission network;!! and

1 the Australian Energy Market Operator (AEMO) is responsible for planning and
directing the augmentation of the shared transmission network.

It is noted that pursuant to Chapter 6A of the Rules, transmission connection assets are
used to provide prescribed transmission services.

7 The five DBs are: Jemena Electricity Networks (Vic) Ltd, CitiPower, Powercor Australia, United
Energy, and AusNet Electricity Services Pty Ltd. AusNet Electricity Services is owned by AusNet
Services, a diversified energy infrastructure business that also owns the Victorian electricity
transmission system. Throughout this document il Aus
transmission business of Aus Net Services and AAusNet Electricity S
distribution business of AusNet Services.

8 Version 9A, effective from August 2018.

9 Version 124 of the Rules was in force at the time of preparing this report.

10 A terminal station is a facility that connects a distribution network to the shared transmission
network.

u The shared transmission network is the main extra high voltage network that provides or potentially

provides supply to more than a single point. That network includes all lines rated above 66 kV and
main system tie transformers that operate at two or three voltage levels above 66 kV.
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Figure 1 below provides an example to illustrate the distinction between the shared
transmission network and transmission connection assets in a notional network. The
delineation between shared network assets and connection assets depends on high
voltage switching configurations and other factors that may vary from one transmission
connection point to another. Nonetheless, Figure 1 provides a useful illustration of the
distinction between shared network and connection assets.

Figure 1: Shared network and connection assets in a notional network

Shared Network

66 kV

220 kV
DB transmission

connection assets

Generator connection
assels

In regions other than Victoria, the Rules!? set out arrangements to promote contestability
in the provision of connection services for identified user groups other than networks
(such as generators or large directly connected customers). Specifically, the Rules
distinguish between:

a) ldentified user shared assets, which broadly describe the collection of
components that are required to facilitate the connection of a connecting party to
the shared transmission network and which, once commissioned, form part of the
shared transmission network; and

b) Dedicated connection assets, which describe the collection of components that
are used to connect a connecting party to the shared transmission network and
which, once commissioned, are able to be isolated from electricity flows on the
transmission network.

In Victoria, however, the framework under which connections to the transmission network
occur is fundamentally different to the processes and principles underlying the connection
framework used in the rest of the National Electricity Market (NEM). This is because, as
explained below, section 50C of the National Electricity Law authorises AEMO to exercise
declared shared network functions in Victoria. In that role, AEMO determines whether
works are @ontestabledand so are procured through a competitive tender process, or
don-contestable and so provided by the incumbent declared transmission system
operator. As such, the Rules definitions noted above do not apply in Victoria.

In relation to the development of transmission connection facilities and the downstream
sub-transmission and distribution systems, the planning arrangements in Victoria are
aimed at fostering efficient and coordinated outcomes for electricity consumers. The
Victorian framework recognises that the DBs are best placed to determine the optimum
level of investment in, and configuration of, distribution system capacity and transmission
connection capacity, having regard to:

12 National Electricity Amendment, (Transmission Connection and Planning Arrangements) Rule 2017
No.4, 30 May 2017.

Page 13


http://www.aemc.gov.au/Rule-Changes/Transmission-Connection-and-Planning-Arrangements

2019 Joint DB Transmission Connection Planning Report

1 the needs and preferences of the end consumers of electricity;

1 the relative costs and benefits associated with alternative distribution, sub-
transmission and transmission connection development strategies, and non-network
alternatives that would deliver a level of supply reliability in accordance with

consumer s® needs; and

1 the incentives and penalties faced by the DBs in relation to the reliability of their
distribution networks and the transmission connection facilities that they plan.

The transmission planning responsibilities of AEMO are set out in section 50C(1) of the
National Electricity (South Australia) (National Electricity Lawd Australian Energy Market
Operator) Amendment Act 2009. Under t hat act, AEMOOG6s functi on:e

fito pl an, aut hor idseet,augmentation & the dedlaced shareal medwork,

where the declared shared network is defined as it he adoptive jurisdictio
Victoriabs] declared transmission system excludi
withinthe meaning of the Rul eso.

In accordance with clause 5.14.1(a)(1) of the Rules, AEMO and the DBs undertake joint
planning to ensure the efficient development of the shared transmission and distribution
networks and the transmission connection facilities. To formalise these arrangements,
the parties have agreed a Memorandum of Understanding (MoU).

The MoU sets out a framework for cooperation and liaison between AEMO and the DBs
with regard to the joint planning of the shared transmission network and transmission
connection assets in Victoria. In particular, the MoU sets out the approach to be applied
by AEMO and the DBs in the assessment of options to address limitations in a distribution
network where one of the options consists of investment in dual function assets or
transmission investment, including connection assets and the shared transmission
network. Under the MoU, the DBs and AEMO have agreed that subject to the thresholds
set out in the Rules, joint planning projects should be assessed by applying the
Regulatory Investment Test for Transmission.

The DBs also liaise regularly with AusNet Transmission Group to coordinate their
transmission connection augmentation plans with AusNet Transmission Group6 s as s et
renewal and replacement plans®?,

13 Chapter 5 of AEMOO6s 2019 Victorian AnnAwNet Pl anning Re
Transmi ssi on Gr ou @assa retpemant seplaceengnd andldematipgs. The report is
available from: https://www.aemo.com.au/-
/media/Files/Electricity/NEM/Planning _and Forecasting/VAPR/2019/Victorian-Annual-Planning-

Report-2019.pdf.
AusNet Transmission Services6 ahtips:Anww.aeenomwaul- pl an is a

/media/Files/Electricity/NEM/Planning _and_Forecasting/VAPR/2019/AusNet-Services-asset-
renewal-plan-2019 Final.pdf.
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13 DBs6 obligations as transmission connect

1.3.1 Victorian regulatory instruments

Clause 14 o f each DBO6s Distribution Licence states:

fi T h eicensee is responsible for planning, and directing the augmentation of,
transmission connection assets to assist it to fulfil its obligations [to offer connection
services and supply to customers] under clause 6. 0

The |l icence defines fitransmission connection as

Afithose parts of an electricity transmission netw
customers at a single point, including transformers, associated switchgear and plant and
equi pment . 0

In accordance with their obligations under clause 3.1(b) of the Victorian Electricity
Distribution Code, the DBs plan and direct the augmentation of the transmission
connection assets in a way which minimises costs to customers taking into account
distribution losses and transmission losses.

Clause 3.4 of the Victorian Electricity Distribution Code states:

fi 3 . 4Todether with each other distributor, a distributor must submit to the Commission
a joint annual report call ed t he 6Transmi s
detailing how together all distributors plan to meet predicted demand for electricity
supplied into their distribution networks from transmission connections over the
following ten calendar years.

3.4.2 The report must include the following information:

(a) the historical and forecast demand from, and capacity of, each transmission
connection;

(b) an assessment of the magnitude, probability and impact of loss of load for
each transmission connection;

(coeach distributords planning standards;

(d) a description of feasible options for meeting forecast demand at each
transmission connection including opportunities for embedded generation and
demand management and information on land acquisition where the possible
options are constrained by land access or use issues;

(e) the availability of any contribution from each distributor including where
feasible, an estimate of its size, which is available to embedded generators or
customers to reduce forecast demand and defer or avoid augmentation of a
transmission connection; and

(f) where a preferred option for meeting forecast demand has been identified, a
description of that option, including its estimated cost, to a reasonable level of
detail.

3.4.3 Each distributor must publish the Transmission Connection Planning Report on its
website and, on request by a customer, provide the customer with a copy. The
distributor may impose a charge (determined by reference to its Approved
Statement of Charges) for providing a custome

Page 15



2019 Joint DB Transmission Connection Planning Report

The Victorian Electricity Distribution Code was amended in March 2008 to include an
additional provision (clause 3.1A) relating to the security of supply of the Melbourne CBD.
This provision describes the circumstances in which the Melbourne CBD distributor
(currently CitiPower) is required to prepare a CBD security of supply upgrade plan and
also sets out the required scope of that plan. In particular, the CBD security of supply
upgrade plan must:

1 specify strengthened security of supply objectives for the Melbourne CBD and a date
or dates by which those objectives must be met;

1 specify the capital and other works proposed by the Melbourne CBD distributor in
order to achieve the security of supply objectives for the Melbourne CBD that are
specified in the plan; and

1 meet the regulatory test (which is discussed in further detail in section 1.3.2 below).

This provision establishes a separate planning process that applies to the network
supplying the Melbourne CBD only. Details of the CBD security of supply upgrade plan
are available from CitiPo wer 6 s websi t ewehpagesshe f ol |l owi ng

https://www.powercor.com.au/news/cbd-supply/

https://www.powercor.com.au/about-us/electricity-networks/metro-and-cbd-
security-of-supply/

The upgrade will protect Melbourne's electricity supply from a prolonged blackout should
there be significant failures (i.e. the loss of two or more 66 kV subtransmission elements)
within the electricity networks supplying the CBD and inner Melbourne area.

In 2020 CitiPower will be submitting an update to the CBD security of supply upgrade
plan to address emerging constraints in the south west of the CBD. The updated plan will
provide for the installation of new 66 kV
(FBTS), which does not currently form part of the CBD security of supply upgrade plan.

1.3.2 National Electricity Rules

Part D of Chapter 5 of the Rules!* sets out provisions governing the planning and
development of networks. These provisions require, amongst other things, Transmission
and Distribution Network Service Providers to:

1 prepare and publish annual planning reports;

9 consult with interested parties on the possible options, including but not limited to
demand side options, generation options and market network service options to
address any projected network limitations; and

1 undertake analysis of proposed network investments using the Regulatory Investment
Test for Distribution or the Regulatory Investment Test for Transmission, as
appropriate.

As noted in section 1.2, the DBs and AEMO have agreed that joint planning projects
involving transmission connection and distribution investment should be assessed by
applying the Regulatory Investment Test for Transmission (RIT-T).

14 Version 124 of the Rules was in force at the time of preparing this report.
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Clause 5.13.2 of the Rules requires Distribution Network Service Providers to publish a
Distribution Annual Planning Report (DAPR). The DAPR must contain the information
specified in schedule 5.8 of the Rules, unless that information is provided in accordance
with jurisdictional electricity legislation®®.

Pursuant to clause 5.13.2(d) of the Rules, this Transmission Connection Planning Report
presents all of the information on transmission-distribution connection planning required
under schedule 5.8. The table below lists the relevant clause of schedule 5.8, and
provides a cross reference to the section of this report where the required information is
presented in relation to the transmission-distribution connection points.

Table 1A: Schedule 5.8 requirements relating to transmission-distribution
connection points addressed in this report

Schedule 5.8 Matters addressed Where the information is
clause presented in this report
S5.8(b)(1) A description of the forecasting Section 2.

methodology used.

S5.8(b)(2)(i), (iv), | Load forecasts and forecasts of capacity. Section 4, Section 5.6 and

(v), (vi), (vii), (viii), individual risk assessments for

and (ix) each terminal station.

S5.8(b)(3) Forecasts of future transmission- The Executive Summary and
distribution connection points and any individual risk assessments for
associated connection assets. each terminal station.

S5.8(h) The results of joint planning undertaken Section 1.2 describes joint
with Transmission Network Service planning arrangements. The
Providers. Executive Summary and

individual risk assessments for
each terminal station describe
the results of joint planning.

S5.8(i)(1) The results of joint planning undertaken As above
with other Distribution Network Service
Providers (DNSPs)

Each DB also publishes the information required by the DAPR, including the above

information where applicable, i n accordance wi t h t he AEROSs
Limitation Template. The purpose of that template is to facilitate the publication of

information on system limitations required by the DAPR in a useable, consistent,

accessible format to assist third parties to propose alternative options to address system

limitations.

1.3.3 Reliability incentive scheme (s-factor) for the Distribution Businesses

Under the Service Target Performance Incentive Scheme (STPIS) and the Distribution
Determination that applies from 1 January 2016 to 31 December 2020, each DB6 s

15 Clause 5.13.2(d) o fDistridution Netwbrle Serviset Peovidersis notfirequired to
include in its Distribution Annual Planning Report information required in relation to transmission-
distribution connection points if it is required to do so under jurisdictional electricity legislation. 0
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revenue cap contains an s-factor, which provides a revenue bonus when service
performance is better than target, and a penalty when service performance is worse than
target.

The operation of the s-factor relates to the distribution network, and therefore is not
directly relevant to the reliability of the transmission system. However, under clause
3.3(a)(6) of the STPIS!®, the DBs are exposed to financial penalties if load interruptions
are caused by a failure of transmission connection assets, where the interruptions are
due to inadequate planning of transmission connections and the DNSP is responsible for
transmission connection planning.

The financial incentives under these arrangements reinforcet he DBs 0 r esp
respect to transmission connection planning, which are set out in the Distribution
Licences and the Victorian Electricity Distribution Code as explained in section 1.3.1
above.

1.3.4 Role of transmission connection asset owners in delivering connection
services

With the exception of the connection assets at the Deer Park Terminal Station, the
transmission assets that provide DB connection services are located within terminal
stations which are owned, operated, and maintained by AusNet Transmission Group?'’.
Connection services are provided by the owners of the transmission connection assets in
accordance with their connection agreements with the relevant DBs. These agreements
set out, amongst other things, the standard of connection services to be provided.

In addition, the revenue caps applying to AusNet Transmission Group and TransGrid
contain a Service Target Performance Incentive Scheme (STPIS), in accordance with
clause 6A.7.4 of the National Electricity Rules. The STPIS aims to balance the incentive
to minimise expenditure against the benefits of improving reliability for customers, by
providing the transmission connection asset owners with a financial incentive to improve
service performance.

1.4 Matters to be addressed by proponents of non-network alternatives

One purpose of this document is to provide information to proponents of non-network
solutions (such as embedded generation or demand management) regarding emerging
network constraints. As noted in further detail in Chapter 2 below, the DBs aim to
develop their networks and the associated transmission connection assets in a manner
that minimises total costs (or maximises net economic benefit). To this end, proponents
of non-network solutions to the emerging network constraints identified in this report are
encouraged to lodge expressions of interest with the relevant DB(s).

Proponents of non-network proposals should make initial contact with the relevant DB as
soon as possible, to ensure that sufficient time is available to the DB to fully assess
feasible network and non-network potential solutions, having regard to the lead times
associated with the evaluation, planning and implementation of various options.
Indicative timeframes for the network solutions are provided in the table in the Executive
Summary.

16 AER, Electricity Distribution Network Service Providers - Service Target Performance Incentive
Scheme, Version 2.0, November 2018.

1 The connection assets at Deer Park Terminal Station were commissioned in September 2017, and
are owned, operated and maintained by TransGrid.
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To assist in the assessment of non-network solutions, proponents are invited to make a
detailed submission to the relevant DB. This submission should be informed by earlier
discussions with the relevant DB, and should include all of the following details about the
proposal:

(a) proponent name and contact details;

(b) a detailed description of the proposal,

(c) electrical layout schematics;

(d) a firm nominated site;

(e) capacity in MW and MVAr to be provided and number of units to be installed (if
applicable);

(f) fault level contribution, load flows, and stability studies (if applicable);
(g) a commissioning date with contingency specified;

(h) availability and reliability performance benchmarks;

(i) network interface requirements (as agreed with the relevant DBs);

(i) the economic life of the proposal,

(k) banker / financier commitment;

() proposed operational and contractual arrangements that the proponent would be
prepared to enter into with the relevant DBSs;

(m)any special conditions to be included in a contract with the responsible DBs; and

(n) evidence of a planning application having been lodged, where appropriate.

All proposals must satisfy the requirements of any applicable Codes and Regulations.

In addition, as a general rule of thumb, any network reinforcement costs required to
accommodate the non-network solution will typically be borne by the proponent(s) of the
non-network project. Some non-network alternatives such as embedded generation may
raise issues relating to fault level control. In particular, connection of additional
embedded generators will result in an increase in fault levels. Therefore, fault level
mitigation measures may be required, in which case the proponents of embedded
generation projects will bear the costs of fault level mitigation works.

1.5 Implementing Transmission Connection Projects

In the absence of any commitment by interested parties to offer non-network solutions
such as embedded generation or demand side management, the process to implement
the preferred network solution will commence. A brief description of the implementation
process for network solutions and the issues involved is presented below.
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1.5.1 Land Acquisition

Network solutions may require land acquisition. The process of land acquisition for new
terminal stations may be complex especially in metropolitan areas. A detailed
consideration of land acquisition issues and processes is beyond the scope of this report.

A limited number of vacant sites, currently owned by AusNet Transmission Group, have

been reserved for possible future terminal station development in Victoria. DBs would

need to seek AusNet Transmission Group0 s consent to use any r es
transmission connection development.!®

The granting of a town planning permit on lands reserved for future terminal station
development is by no means certain. In some municipalities, town planning approval may
also be required for network augmentation on existing developed sites.

1.5.2 Connection Application to AEMO

Where a network solution requires new connection points with the shared transmission
network to be established, a connection agreement with AEMO is required in accordance
with clause 5.3 (Establishing or Modifying Connection) of the National Electricity Rules.
As noted in section 1.2, the assets that form part of the Victorian declared shared
transmission network fall under the planning jurisdiction of AEMO. Hence, issues
associated with 220 kV switching arrangements and connection to the shared
transmission network, including direct connection to a 66 kV terminal station bus, would
be clarified with AEMO at the connection application stage. It is also noted that AE MOO s
requirements regarding new connections must be finalised through a joint planning
process involving AEMO and the relevant DBs. These activities can increase the lead

time for delivery of projects by some months.

For augmentations to existing connection points, a connection application to AEMO may

be required so that the effect on the shared transmission network, if any, can be taken

into consideration. In some cases, AEMO and the relevant DBs may undertake a public

consultation process in relation to the proposed development, in addition to the

consultation processes that must be undertaken if the RIT-T applies. Similar to new
connections, AEMOO6s requirements regarding any augmen
network assets must be finalised through a joint planning process involving AEMO and

the relevant DBs.

A more detailed overview of the Victorian transmission connections process is available
from AEMOGSs w e https:pvavey.eemoacom.au/Electricity/National-Electricity-
Market-NEM/~/link.aspx? id=8F98AAFA209C481E96617AFFCC30C88B& z=z.

1.5.3 Connection Application to AusNet Transmission Group

It is most likely that establishment of new transmission connections, or augmentation of
existing transmission connections will require interface to transmission assets owned by
AusNet Transmission Group. In such cases,an i ni ti al AConnection | nc
broad scope of service sought should be submitted to AusNet Transmission Group,

18 Electricity Industry Guideline No. 18 (Augmentation and Land Access Guidelines) issued by the ESC
on 1 Aprii 2005 may govern access to such sites, in some circumstances. See:
https://www.esc.vic.gov.au/electricity-and-gas/electricity-and-gas-codes-guidelines-policies-and-
manuals
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f ol | owe dConbegctionaAppfi cati ono when t he scope
accurately defined in consultation with AEMO and the relevant DB(s).

1.5.4 Town Planning Permit

For greenfield sites, DBs may need to engage the services of experienced town planning
consultants, because very extensive planning requirements are usually laid down by local
planning authorities. In most cases, the town planning permit application would need to
be accompanied by extensive supporting documents such as:

1 flora and fauna study;
archaeological and cultural assessment;
noise study;
electromagnetic field (EMF) assessment;

1

1

1

T traffic analysis;
1 layouts and elevation plans; and
1

landscaping and fencing plans.

The choice of appropriate town planning consultants is very important, as they may need
to provide expert witness statements to the Victorian Civil and Administrative Tribunal
(VCAT) if objections to the transmission connection application are received. Due to the
possibility of simultaneous shared network development by AEMO on the same site, it
may become necessary to invite AEMO to participate in the town planning process at the
same time so that both the council and the public are made aware of the entire proposed
development on the site.

For augmentation to existing transmission connection assets, the requirement for a town
planning permit varies from council to council, and depends on the extent of the proposed
work. AusNet Transmission Group is likely to be the initiator of the planning permit
application for augmentation work at an existing terminal station.

1.5.5 Public Consultation Strategy

A key aspect of the public consultation strategy is the positive engagement of various
stakeholders in the project from the initial stages of the development. The strategy may
include:

9 distribution of leaflets that provide information on the proposal in clear, concise, non-
technical language to every nearby resident;

1 presentations to the councillors of the local municipality and the local members of
parliament; and

1 public consultation such as display stands in local shopping centres to highlight the
need for the project and the resultant benefits to the community, and invitation of
public comments on the proposal.

Feedback from stakeholders is then considered in the design of the transmission
connection work to ensure the resultant project is acceptable to the local community.
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1.5.6 Project Implementation

As noted in section 1.3.1, the DBs are required by the Victorian Electricity Distribution
Code to augment the transmission connections in a way which minimises costs to
customers. This can be achieved by a variety of means, including competitive tendering
and cost benchmarking.

Transmission connection augmentation works will be arranged by the relevant DBs in
accordance with the requirements of any applicable guidelines in force.

1.5.7 Project lead times

The lead-time required for the implementation of connection asset augmentation projects
depends on the number of interdependent activities involved in the project, and varies
from between 3 to 5 years.

The critical path activities in the delivery of such projects include the following:

9 Finalisation of any requirements for shared network augmentation due to planned
connection asset augmentation works. These requirements are assessed through the
joint planning process, which involves AEMO, AusNet Transmission Group and the
DBs in Victoria.

1 Procurement of a planning permit in relation to the proposed works. In order to obtain
planning consent for proposed works, the statutory planning requirements of the local
council(s) must be met, and community expectations must be addressed. For
connection asset augmentations involving either major augmentations on an
established site or the development of new terminal station(s) on new site(s), a period
of at least 24 to 36 months is required for land planning and associated community
issues to be resolved. The timely completion of this task requires effective
coordination and cooperation between AEMO, AusNet Transmission Group and the
DBs through the joint planning process in Victoria.

1 After completing the above two tasks successfully, the next important tasks are:
T finalisation of the scope of works;

1 preparation of cost estimates (including invitation to tender if the project is
contestable); and

9 finalisation and execution of all contracts and agreements between distribution
and transmission network service providers after obtaining all the necessary
internal business approvals.

Once the project contracts are signed, the next important task is the delivery of the
project itself, including installation and commissioning of the assets into service. AusNet
Transmission Groupd secent experience indicates that the lead-time required for the
delivery of a connection asset augmentation involving power transformers is between 18
and 24 months. In some cases, issues identified during testing of completed units have
resulted in further delays. In view of this, for planning purposes it is assumed that
approximately 24 months would be required to procure, install and commission power
transformers from the time that a commercial contract is signed between the parties to
complete the project works.
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1.6 Overview of Transmission Connection Planning Process

The flow chart below provides a summary of the transmission connection planning and
augmentation process under the regulatory framework which applies to the Victorian DBs.

PROCESS FLOW CHART. TRANSMISSION CONNECTIONPLANNING

Joint Transmission Connection Planning Report

(addresses Victorian Distribution Code
requirements and transmission connection
information requirements for the DAPR)

Plant ratings Demand forecasts

Process after publication of

Transmission Connection Planning Report

(undertaken individually by each DB for
each constraint)

} }

Identify constraint
= Mature of constraint and limiting plant
= Summer and/ or Winter load at risk
» Required timing of remedial action
= Mature of load and customers at risk

v

Identify potential options through joint

planning between DBs and AEMO

= Metwork augmentation (optimise
investment across distribution network,
transmission shared network and
transmission connection)

« Demand management

- Local generation

= Risk mitigation / contingency programs

= Other
]

Consider feasibility of options

= Optimise investment across distribution
and transmission networks (including
connection)

* Locational requirements

« Operating / performance requirements

* Means of implementation

* Indicative cost (Is it reasonably likely to
be potentially economic?)

= Lead time required for development

'

Preferred network augmentation

= Describe the preferred network-
based solution

» Budget cost

* Lead time

* Mot necessarily the preferred option
(depends on timing of emergence of
other options)

Proponents of non-network solutions
respond to Transmission Connection
Planning Report and any other
consultation documents or requests for
proposals issued by the DB or during the
course of the joint planning process

|

Detailed economic and technical evaluation
of feasible options:

= Environmental and land planning issues

= Further consultation with electricity
market [ industry participants

= Local community consultation

- Detailed economic assessment of

options using the Regulatory Investment
Test for Transmission

1

Selection of preferred option by DB

1

OB Board approves implementation of

preferred option

Implementation of preferred option.

(DB enters into contract with transmission
connection service provider, eg AusMet
Transmission Group)

1

DE passes transmission connection
charges through to end users via network
charges
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2 PLANNING STANDARDS

2.1 Planning standard applying to transmission connection assets

Clause 3.4.2(c) of the Victorian Electricity Distribution Code requires this report to set out
the planning standards applying to transmission connection assets. The planning
standard applied by the DBs is the Regulatory Investment Test for Transmission (RIT-T),
the purpose of which is set out in clause 5.16.1(b) of the Rules as follows:

fiThe purpose of the regulatory investment test for transmission is to identify the
credible option that maximises the present value of net economic benefit to all
those who produce, consume and transport electricity in the market (the preferred
option). For the avoidance of doubt, a preferred option may, in the relevant
circumstances, have a negative net economic benefit (that is, a net economic cost)
where the identified need is for reliability corrective action or the provision of inertia
network services required under clause 5.20B.4 or the provision of system strength
services required under clause 5.20C.3.0

Clause 5.10. 2 of reliailiy coraectiveactiontbe faisn d @ 1 i ows :

finvestment by a Transmission Network Service Provider or a Distribution Network
Service Provider in respect of its transmission network or distribution network for
the purpose of meeting the service standards linked to the technical requirements
of schedule 5.1 or in applicable regulatory instruments and which may consist of
network options or non-network options.o

The termsefiapplbl aably instrumentsodo is de

fAll laws, regulations, orders, licences, codes, determinations and other regulatory
instruments (other than the Rules) which apply to Registered Participants from
time to time, including those applicable in each participating jurisdiction as listed
below, to the extent that they regulate or contain terms and conditions relating to
access to a network, connection to a network, the provision of network services,
network service price or augmentation of a network.o

f

ned

Under the definiti on pplicabld ragulatorydnstiumentsoin&/ict®kia | e s

include:

9 the Electricity Industry Act 2000 (EI Act);

all regulations made and licences (Licences) issued under the El Act;
the Essential Services Commission Act 2001 (ESCV Act);

all regulations and determinations made under the ESCV Act;

all regulatory instruments applicable under the Licences; and

= == =4 =4 -2

the Tariff Order made under section 158A(1) of the Electricity Industry Act 1993 and
continued in effect by clause 6(1) of Schedule 4 to the Electricity Industry (Residual
Provisions) Act 1993, as amended or varied in accordance with section 14 of the
Electricity Industry Act.
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Further background information on the planning standard applying to transmission
connection assets, and the probabilistic planning approach applied by the DBs for the
purpose of evaluating net economic benefits is set out in sections 2.2 to 2.5 below.

2.2 Overall objective of transmission connection planning

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

1 the direct cost of the service (as reflected in network charges and the costs of
losses); and

9 indirect costs borne by customers as a consequence of supply interruptions caused
by network faults and / or insufficient network capacity.

The DBs aim to develop transmission connection facilities in an efficient manner that
minimises the total (direct plus indirect) life-cycle cost of network services. This basic
concept is illustrated in Figure 2 below.

Figure 2: Balancing the direct cost of service
and the indirect cost of interruption

A Total cost

Cost Cost of providing
reliability

Minimum
total cost

Cost to customer of
supply interruptions

>
Optimum level of

supply reliability Supply reliability

In accordance with the requirements of the RIT-T, the DBs6 transmissi ol
investment decisions aim to maximise the net present value to the market as a whole,

having regard to the costs and benefits of non-network alternatives to augmentation.

Such alternatives include, but are not necessarily limited to, demand-side management

and embedded generation.
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2.3 Overall approach to transmission planning and investment evaluation

In Victoria, pursuant to section 50C of the National Electricity Law, AEMO applies a
probabilistic approach?® to planning the shared transmission network?.

Under the probabilistic approach, deterministic standards (such as N-1) are not applied.
Instead, simulation studies are undertaken to assess the amount of energy that would not
be supplied if an element of the network is out of service. The application of this
approach can lead to the deferral of transmission capital works that might otherwise
proceed if a deterministic standard were strictly applied. This is because:

9 in a network planned using the probabilistic approach, there may be conditions under
which some or all of the load cannot be supplied with a network element out of
service (hence the N-1 standard is not met); however

1 under these conditions, the value of the energy that is expected to be not supplied is
not high enough to justify additional investment, taking into account the probability of
a forced outage of a particular element of the transmission network.

However, 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 terminal station capacity will be insufficient to meet actual demand,
and significant load shedding could be required.

In Victoria, the jurisdiction has not set deterministic standards applying to transmission
connection assets. However, clause 5.2 of the Victorian Electricity Distribution Code sets
out the following requirements relating to reliability of supply:

AA distributor mu st use best endeavour s to m
Determination and targets published under clause 5.1 and otherwise meet reasonable
customer expectations of reliability of supply. o

In light of these considerations and the requirements of the RIT-T, the DBs apply
probabilistic planning and economic investment decision analysis to transmission
connection assets, subject to meeting the technical and other standards set out in the
Rules and other applicable regulatory instruments including the Victorian Electricity
Distribution Code.

2.4 VCR: Valuing supply reliability fromthecust omer sé perspectiv

In order to determine the economically optimal level and configuration of connection
capacity - and hence to deliver a level of supply reliability that will meet customersd
reasonable expectations - it is necessary to place a value on supply reliability from the

19 A copy of the Victorian transmission planning criter
http://www.aemo.com.au/-
/media/Files/Electricity/NEM/Planning and Forecasting/Victorian _Transmission/2016/Victorian-
Electricity-Planning-Approach.pdf

20 As explained in section 1wortkhoe ifiss htahe dVitatamrsimdrs st man
excluding the transmission facilities that connect the distribution networks (and the generators) to the
high voltage network. The distribution businesses are responsible for the planning and development
of the transmission facilities that connect their distribution networks to the shared transmission
network. These arrangements are set out in the distribution licences issued by the ESC.
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perspective of customers. This value is referred to as the value of customer reliability
(VCR).

In July 2018, a final Rule determination on the VCR came into effect. Under the new
Rule:

1 The AER became responsible for developing and publishing a VCR methodology and
VCR estimates.

1 The AER must conduct a review of the VCR estimation methodology every 5 years
and publish updated VCR estimates following each review.

1 As part of the VCR methodology, the AER must also specify a method for adjusting
the VCR on an annual basis.

1 By 31 December 2019, the AER must complete its first review of the VCR
methodology and publish the VCR estimates.

In accordance with these requirements, the AER published its VCR review draft decision
on 18 September 20192, The draft decision sets outt h e AfEdpdsad methodology
for developing VCR estimates for the NEM. In essence, the AER proposes to build on
the methodology used by AEMO to estimate VCRs in their 2014 NEM-wide study??. The
draft decision states:

T The AER will publish its final VCR values for standard outages of up to 12 hours
duration in December 2019, subject to any issues arising during its ongoing
consultation process.

T The ApWikaion of VCR values for widespread and long duration outages will
be deferred to the first quarter of 2020. The AER notes that this category of VCR
values is new and untested, so more time is needed for development and testing in
order to derive fit for purpose VCR estimates.

The draft decision proposes that the VCR should be adjusted annually between five-

yearly reviews using a CPI minus X formula, where X represents the key drivers of annual

changes in customer reliability preferences. For the initial 5 year period (commencing in

2020), X is to be set at zero due to a lack of available information, so that the VCR values

determined by the AER in December 2019 will be escalated by the CPI. This approach is
consistent with the annual approach to adjusti
2014 Application Guide on the VCR?,

Gi ven t hat t he AERO S \pbkshed antil IDecember 2019, thie o t be
Transmission Connection Planning Report for 2019 uses the latest available VCR

estimates. These estimates are obtained by applying the annual indexation adjustment

(set out in section 5.2 of AE MO &/€R Application Guide) to AEMOOG s sector an

21 The draft decision is available at:
https://www.aer.gov.au/networks-pipelines/quidelines-schemes-models-reviews/values-of-customer-
reliability-vcr/draft-decision

22 AEMO, Value of Customer Reliability Review Final Report, September 2014. The report is available
from AEMOG6s: website at
http://www.aemo.com.au/Electricity/Planning/Value-of-Customer-Reliability-review

23 The Application Guide is available at: http://www.aemo.com.au/-/media/Files/PDF/VCR-Application-
Guide--Final-report.pdf
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composite VCR estimates for 2014 ( as s et 0 u September REMER Review
Final Report). Table 1 below shows the VCR estimates used in this report.

Table 1: VCR estimates by sector for 2019

VCR for 2019 ($/kWh)

(Source: AEMOG6 September 2014 VCR
Sector Review Final Report, adjusted for annual
indexation in accordance with s.5.2 of
AEMOG6s December 2
Application Guide)

Residential (Victoria) 26.80
Commercial (NEM) 48.41
Agricultural (NEM) 51.60
Industrial (NEM) 47.70%
Composite- all sectors 42.76

It is noted that the indexation adjustment results in a 1.3% increase in the VCR from 2018
to 2019.

The A E R @maft decision considers the case for transitioning to new VCR estimates
where there are significant changes in VCRs from one five-yearly review to the next. The
AER states?:

i é] if a significant shift in consumer values i
transitioning to the new values. Therefore, we consider the preferable course is not to

delay transitioning to new values in the absence of identifiable long-term benefits to

consumers from a delay.o

The Transmission Connection Planning Reports published between 2014 and 2018 noted
that AEMOG s 2 0 1survey €nkiiled significant reductions in VCR estimates
compared to the results of the previous (2007-08) VCR study. This led to a reduction in
AEMOOGs estimate of t h$63 per&hihpirn2013 toe39.80pRer kWh im m
2014.

Given the large reduction in VCR estimates in 2014, recent Transmission Connection
Planning Reports have:

1 noted the importance of recognising that all methods for estimating VCR are prone to
error and uncertainty; and

i testedt he i nvestment evaluat i (2007-88y\&CR estimateA EMOb6s p
In view of the time that has elapsed since the 2007-08 VCR estimates were made, and

the AEROGs vVviews on transit i (oated mlpve)bthis 208%e n VCR
Transmission Connection Planning Report no longer applies the 2007-08 VCR estimates.

24 Excludes industrial customers that are directly connected to the transmission network.

25 AER, Values of Customer Reliability: Draft Decision, September 2019, pages 56 - 57.
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The range of sector VCR values has potentially significant implications for transmission
connection investment decisions, especially where the composition of the load supplied
from a constrained terminal station is dominated by a particular sector. This
considerations suggest there is a case for applying sector-specific VCR values in
transmission connection investment analysis, where a constraint affects a readily
identifiable group of consumers.

Accordingly, this report provides details of the VCR values used for each terminal station,
based on the composition of station energy consumption by sector, and the sector VCR
estimates provided by AEMO and set out in Table 1 above.

2.5 Application of the probabilistic approach to transmission connection
planning

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

1 the expected cost that will be incurred if no action is taken to address an emerging
constraint,?® and

1 whether it is economic to augment terminal station capacity to reduce expected
supply interruptions.

The quantity and value of energy at risk is a critical parameter in assessing a prospective
network investment or other action in response to an emerging constraint. Probabilistic
network planning aims to ensure that an economic balance is struck between:

T the cost of providing additional network capacity to remove constraints; and
T the cost of having some exposure to |l oading I

In other words, recognising that very high 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 very
high loading. The probabilistic approach requires expenditure to be justified with
reference to the expected benefits of lower volumes of unserved energy.

This approach provides a reasonable estimate of the expected net present value to
consumers of terminal station augmentation for planning purposes. However, as already
noted, implicit in its use 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 terminal
station capacity will be insufficient to meet actual demand, and significant load shedding
could be required. The level of investment that should be committed to mitigate that risk
is ultimately a matter of judgment, having regard to:

1 the results of studies of possible outcomes, and the inherent uncertainty of those
outcomes;

9 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,

26 The energy that would not be supplied in the event of an interruption is valued in accordance with
the approach outlined in Section 2.4 above.
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and catastrophic plant failure leading to increased safety risk, increased risk of
property damage, and/or extended periods of plant non-availability;

1 the availability and technical feasibility of cost-effective contingency plans and other
arrangements for management and mitigation of risk; and

T the Victorian DBsd obl i gat i o tlecfricityRistributiool ause !
Code) to use best endeavours to meet, among other things, reasonable customer
expectations of reliability of supply.
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3 CURRENT AND EMERGING PLANNING CONSIDERATIONS

The purpose of this chapter is to outline current electricity market developments and
recent events in Victoria that may have
planning activities. While such matters are considered routinely in preparing this report,
the DBs recognise that stakeholders may value a short discussion of recent
developments and how they relate to transmission connection planning.

3.1 Unprecedented change

As this report is focused on the planning of transmission assets that provide DB
connection services, a humber of the broader developments affecting the transmission
and distribution networks are not directly relevant to this report. Nevertheless, it is useful
to comment on these developments, noting the areas where transmission connection
planning may be affected.

In the 2018 edition of this report, we commented on the rapid change taking place in the

electricity sector following decades of relative stability characterised by steady growth in

electricity consumption and demand. Since our 2018 report, the pace of change has

continued in Victori a, as highlighted in
In that report?’, AEMO highlighted the following important changes affecting the Victorian

transmission system:

1 Strong investor interest in western parts of the state is shifting the geographic
diversity of supply sources away from the Latrobe Valley, while increasing penetration
of non-synchronous generation is further changing the technical characteristics of the
system.

1 Solar photovoltaic (PV) and other distributed energy resources (DER) technologies
are having a significant impact on the Victorian transmission system, as minimum
demand occurred in the early afternoon rather than overnight for the first time in
2018/19. In addition, parts of the system that have historically been net loads are
now behaving increasingly as net generation sources i changing system dynamics at
a fundamental level.

1 Tightening supply margins and record-breaking high temperatures contributed to
limited periods of supply shortfall in January 2019. To maintain power system
reliability during these periods, AEMO activated the Reliability and Emergency
Reserve Trader and as a supply shortfall was still evident, AEMO was forced to
implement load shedding strategies to maintain power system security.

1 The network challenges associated with integrating large volumes of new renewable
generation projects are being compounded by connection of these new projects in
weaker parts of the network, where the highest quality renewable fuel sources are
available. The transmission network in these locations was not originally designed to
accommodate high volumes of generation, or to withstand the technical
characteristics associated with renewable generation technology.

As at 30 June 2019, Victoria had 6,098 MW of installed capacity from all sources of
renewabl e energy eligible t o contributie
hydroelectricity, wind, solar (including both large-scale solar and rooftop PV) and
bioenergy excluding native forest wood waste. This compares to around 5,404 MW of

2 AEMO, Victorian Annual Planning Report, June 2019, pages 3 and 4.
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installed capacity at 30 June 2018%. AEMOd&6s 2019 Victorian Annual
notes that a further 2.4 GW of renewable projects have committed to connect, and an

additional 8 GW of renewables are proposed to connect. This trend has been driven by

the decline in renewable technology costs and supported by policies, notably the

Victorian Governrme nt 6 s pl an to deliver 50% renewabl e en
the Victorian Renewable Energy Target (VRET).

In addition to the VRET, future investment in DER will be supported by the Victorian
Go v er n nbelarH@res and Solar Battery Rebate schemes:

1 The Solar Homes scheme will deliver subsidised rooftop solar PV systems to 650,000
homes over the next 10 years, reducing system demand by as much as 2 GW at
times of peak solar output.

1 The Solar Battery Rebate scheme will provide $40 million in grants to assist 10,000
homes over the next 10 years, with the potential to extend solar PV benefits into
evening peak demand periods. Under the scheme, homeowners may receive a 50
per cent rebate for installation of a battery storage unit.?°

As explained in section 3.2, a number of issues arise from the growth in embedded
generation that are relevant to the DBsd role
relation to the broader transmission network challenges driven by changes in the

wholesale generation market, the following transmission projects are being progressed by

AEMO:

1 A project to reduce network congestion and facilitate connection of additional
generation in Western Victoria®.

1 A project to deliver additional reactive support in Victoria to alleviate voltage control
issues at times of low demand?3..

1 A project to increase power transfer capability between NSW and Victoria, improving
utilisation of renewable generation in the southern states, and allowing improved
supply sharing between regions.*?

TasNetworks is also undertaking a business case assessment for a second Bass Strait
electricity interconnector, known as Marinus Link. If Marinus Link proceeds, it is not
expected that transmission augmentations would be required to accommodate the new
interconnector in Victoria because the DC to AC converter station would be located
adjacent to the existing Hazelwood substation, utilising the network capacity freed up
following the retirement of Hazelwood Power Station.

28 Victorian Department of Environment, Land, Water and Planning, Victorian Renewable Energy
Target :2018-19 Progress Report, page 5, available at:
https://www.energy.vic.gov.au/__data/assets/pdf file/0030/439950/Victorian-Renewable-Energy-
Target-2018-19-Progress-Report.pdf

29 https://www.premier.vic.gov.au/cheaper-electricity-with-solar-batteries-for-10000-homes/
30 Western Victoria Transmission Network Project

31 Victorian Reactive Power Support

32 Victoria to New South Wales Interconnector Upgrade
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3.2 Issues arising from increased embedded generation

3.2.1 Transformer ratings

As noted above, AEMO has highlighted that several terminal stations that have
historically behaved as net loads have increasingly become net generation sources due
to an increase in DER. For example, measurements at Kerang Terminal Station show
flows onto the transmission network over 27% of the time during the last 12 months.

Reverse power flows associated with substantial intermittent generation output may result

in significantly increased variability of transformer loadings, increased transformer

utilisation, and reduced time for transformers to cool down between periods of high

loading in either direction. AusNet Transmission Services has advised that in these
circumstances, the existing cyclic ratings may no longer be applicable to these
transformers because they no longer exhibit a predictable cyclic loading pattern. Instead,
tmaybenecessary to adopt the transformerds name
cyclic rating) for planning and operational purposes.

AusNet Transmission Services reviews transformer load profiles on an ongoing basis and
updates applicable ratings as required. The ratings of some stations with significant
generation connected have recently been revised. The relevant risk assessments
presented in section 5 of this report incorporate these changes.

As additional new generation connections proceed, other transformers may be affected
by significant reverse power flows, resulting in a reduction in ratings, and the possibility of
potentially significant increases in load at risk at the affected stations. It is noted that
some of the increased load at risk would likely be offset by the output from intermittent
generation. However, it is also noted that deriving forecasts of intermittent generator
output is complex, and particularly challenging given the limited data available to forecast
that output at times of high demand.

3.2.2 Impact of rooftop PV on estimates of energy at risk

As already noted, there has been an increasing prominence of distributed generation at
the consumer side of the supply chain, in particular rooftop solar PV generation (rooftop
PV). Rooftop PV has the impact of reducing the energy consumption as seen by the grid,
and to a lesser degree*?, the maximum demand at the transmission connection points.

The DBs account for this impact on maximum demand in their demand forecasts. It is
these forecasts, of customer load with the generation output of rooftop PV netted off, that
are used to assess the amount of energy at risk and expected unserved energy at each
transmission connection point.

However, it is noted however that in the event of a supply interruption, rooftop PV panels
are tripped unless they have back-up battery systems configured and approved for island
mode operation. Customers affected by such outages will experience a level of unserved
energy equal to their total unserved consumption (that is, including the energy that would
have been supplied by their PV panels). Under the current forecasting approach,
estimates of energy at risk do not take this effect into account and as a consequence the
amount of unserved energy due to a network outage may be underestimated by an

33 This is due to the fact that the maximum demand typically occurs later in the afternoon or in the early
evening when the output of rooftop solar PV is well below its peak.
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amount equal to the energy contribution that would have been made by PV panels for the
duration of the interruption.

An assessment of the impact of this issue has been carried out. It has been estimated
that the average impact on the energy at risk across all Victorian transmission connection
points is approximately 2% to 3%. However, the impact may be more significant at
different transmission connection points depending on the installed capacity of rooftop PV
in a particular supply area, and the time of day that the maximum demand occurs for the
transmission connection point. In some cases the impact may be as much as 10% to
15%.

Given the relatively | owforécasts elthis ceport doanoteakei al i t vy,
account of this issue. However, for a Regulatory Investment Test for Transmission

(RIT-T) assessment, the DBs will consider this impact and include it in the assessment -

where material - in order to obtain a more accurate estimate of energy at risk.

3.2.3 Minimum demand and voltage management

Networks have been designed and operated with a focus on one-way power flow
because, traditionally, electricity was centrally generated and transmitted through the
transmission network and connection asset transformers, and then consumed throughout
the distribution network.

Network design relied on the fact that voltage levels would gradually and predictably drop
from the generation source, and then be boosted back up via appropriately tapped
transformers and strategically located reactive support, until the energy was delivered to
the consumer. With these operational characteristics in mind, transformers were
designed and purchased for a particular voltage profile and traditionally have a high
boost, low buck tapping range. This means they are highly capable of raising (boosting)
voltage from the high voltage side to the low voltage side, but have a very limited ability to
drop (buck) the voltage down.

The recent prominence of embedded generation is proving that this traditional network
design and operational philosophy is increasingly inadequate to meet future needs. As
the penetration of embedded generation increases and offsets demand, the minimum
demand at a number of stations is declining. This declining minimum demand results in
higher voltage levels on the distribution side, requiring more capability from transformers
to reduce voltage levels during times of minimum demand, rather than raising voltage
levels. The management of voltage is made more challenging by the fact that demand at
many stations is still growing, so the disparity between peak and minimum demand is
increasing and the voltage band to be managed throughout the day is widening.

Similarly, the increased disparity between minimum and maximum demand is also
resulting in a wider range of fault levels that the network protection systems need to be
able to recognise and operate for. As with the design of transformers, the protection
systems were not designed with such wide operating bands in mind.

In addition to the increased challenges of maintaining voltage levels within acceptable
i mits, AEMOOG6s 2019 Vi ct & maites that AewmenardtorsRatea nni n g
applying to locate in areas of the network with the highest quality wind and solar
resources, but low system strength. System strength not only relates to maintaining
voltage levels within acceptable limits, as previously described, but extends to the power

34 AEMO, Victorian Annual Planning Report, June 2019, page 70.
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systembébs ability to remain stable under
condition following a system disturbance.

As a consequence, it is expected that additional reactive support, provided by NSPs and
newly connected embedded generation, will be required to adequately manage voltage
levels within the capabilities of the existing assets. Additionally, any new or replacement
connection assets installed in the future may be required to meet new standards to
ensure the assets are capable of operating in the wider voltage and fault level ranges
expected at that location.

For example, connection asset transformers may require designs with wider tap ranges
and/or more buck voltage capability to allow for the increased penetration of embedded
generation driving lower minimum demand or reverse power flows through the
transformers. In addition, current transformers may require similarly wider operating
ranges to ensure they can identify and operate for the wider fault level ranges being
exhibited.

3.2.4 The need for generation runback schemes

At terminal stations where significant embedded generation is currently and/or forecast to
be connected, power flows from the generation source(s) may lead to an increased risk of
terminal station transformer overloading. Under the connection arrangements in the
National Electricity Rules®®, the embedded generator is required to pay the costs of
providing the connection services, including the costs of augmenting connection assets.

In some cases, the connecting generator may determine that it is uneconomic for
conventional network augmentation to be undertaken, in which case, the need for and
suitability of a generation runback scheme would be investigated by the DB. These
schemes are designed to quickly reduce the amount of generation inflows, to ensure that
distribution and transmission plant loadings are maintained within safe limits, and the
connection services provided to load customers are not adversely affected by the
connection of embedded generation.

3.2.5 Stability issues with north-west Victoria and south-west New South Wales

In 2019 AEMO published an Industry Communique and further updates that identified that
there is a credible outage (n-1) on the north-west loop in the Victorian transmission
network that results in insufficient minimum fault level and system strength. The affected
transmission connections are:

(1) Red Cliffs (RCTS) 1 Wemen (WETS) i Kerang (KGTS) i Bendigo (BETS); and
(2) Red Cliffs (RCTS) i Horsham (HOTS) 1 Ararat (ARTS) i Ballarat (BATS).

Studies have shown that with a planned outage on any section of either (1) or (2) above
and a subsequent trip on the other, undamped voltage oscillations can result, with the
potential to cause system interruptions or collapse in this region. Under system normal
and outage conditions, AEMO must use reasonable endeavours to operate the power
system so that it will remain in a satisfactory operating state following a single credible
contingency.

35 Clauses 5.3 and 5.3A.
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Until this issue has been resolved some generation is being constrained in the affected
area and any new connections that are progressing through the connections process
have been notified of the issues. Prospective developers should be aware of the
following key requirements:

1 AEMO will not be able to progress any assessment of proposed performance
standards without a complete, site-specific PSCAD model.

1 A full system strength impact assessment will be required for all new and modified
connections proposed. It is likely that system strength connection works or
remediation schemes will be needed.

1 Most inverter-connected generation in the West Murray area is likely to be impacted
by thermal or stability constraints at times.

Further information on this matter i's av

https://www.aemo.com.au/-

/media/Files/Electricity/NEM/Security and Reliability/Congestion-
Information/2019/Planned-outages-in-the-North-Western-VIC-and-South-West-
NSW-transmission-network-industry-communique.pdf

https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Network-
connections/Updates

3.3 Management of system fault levels

As noted above, there have been significant changes in the mix of generation in the
Victorian power system, and across the National Electricity Market over recent years.
These changes are expected to continue. The increasing proportion of non-synchronous
generation (both large-scale and distributed) creates a number of operational challenges.
One such challenge is the management of changing fault levels®® across the power
system.

AEMO has conducted a fault level review that identified issues at the following terminal
stations that are relevant to this connection planning report®’:

1 Thomastown 220 kV (Bus 1 and Bus 3); and
T West Melbourne 220 kV and 66 kV.

In relation to both terminal stations, AEMO has proposed operational measures to
manage the identified issues. These operational measures are expected to be sufficient
to manage the fault level issues at Thomastown. For West Melbourne, there is a
committed project to replace the existing four 150 MVA 220/66 kV transformer units with
three 225 MVA transformer units, which is expected to be completed in 2021-22. This
project is expected to reduce fault levels at both West Melbourne 220 kV and 66 kV.

36 In an electric power system, a fault or fault current is any abnormal electric current. For example, a
short circuit is a fault in which current bypasses the normal load. In power systems, protective
devices detect fault conditions and operate circuit breakers to protect an electrical circuit from
damage caused by overload or short circuit. In order for a circuit breaker to operate safely and
reliably, the current that flows in the event of a fault must be within the rating or short-circuit limits of
the circuit breaker and other terminal station equipment.

37 AEMO, Victorian Annual Planning Report, June 2019, page 48.
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Further changes in the generation mix in Victoria are expected in the immediate future
and over the medium term, with:

9 further increases in the connection of new low carbon generation to the network,
driven by, amongst other things, the Victorian Renewable Energy Target; and

1 the possible development of increased interconnector capacity.
These developments are likely to drive fault level issues in future.
3.4 Managing the risk of transformer failure

Over the past five years, three transmission connection transformers have failed
unexpectedly. In each of these cases, adverse impacts on customers have been
mitigated through the installation of spare transformers that AusNet Transmission Group
holds for this purpose.

AusNet Transmission Group has undertaken a study to review the current arrangements
for spare transformers, and to determine the optimal number and type of spares that
should be held. Further information on spare transformers is provided in section 5.5.

3.5 Maintaining security of supply during major terminal station renewals

Over recent years, AusNet Transmission Group has been undertaking an asset renewal
program. As noted in more detail in the risk assessments in this report, a number of
terminal station renewals have been completed, while others are planned or in progress.

wa l pl an

AusNetTr ansmi ssion Groupébs asset rene
en years. The teaport

planned for the next t

https://www.aemo.com.au/-
/media/Files/Electricity/NEM/Planning and Forecasting/VAPR/2019/AusNet-
Services-asset-renewal-plan-2019 Final.pdf

The larger terminal station renewals require careful outage and construction sequencing
to ensure security of supply to the distribution networks is not compromised. Security of
supply risks can also be mitigated efficiently by planning some temporary or permanent
reconfigurations of the distribution networks supplied from the terminal station.

As AusNet Transmission Groupdbds asset renewal
will continue to work collaboratively to manage the reliability risks during construction, and
to minimise supply impacts and total costs to customers.
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4  HISTORIC AND FORECAST DEMAND

In accordance with the requirements of clause 3.4.2 of the Victorian Electricity Distribution
Code, data showing the historical and forecast demand from, and capacity of, each
transmission connection are presented for each terminal station in the individual risk
assessments that form part of this Transmission Connection Planning Report.

The demand forecasts used in the preparation of this report are referred to as the
Victorian Terminal Station Demand Forecasts (TSDF). The TSDF report is prepared by
the Victorian DBs, and is published alongside this Transmission Connection Planning
Report.

As not ed i nTrahsmisston Goenactiod $lanning Report, AEMO commenced

publishing a separate connection point forecast report for Victoria in 2014. AEMOOG s

forecasts are derived from State-based aggregate demand forecasts. A copy of AEMOS®G
2019 Victorian Connection Point Forecasting Report is available from its website at:

http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-
forecasting/Transmission-Connection-Point-Forecasting/Victoria

It is noted that there are some di f f er ences bet ween the demand
TSDF and AEMO6s Victori an cloeesenddferences primauilg i nt f o
reflect:

1 different approaches to weather normalisation, which result in the two sets of
forecasts adopting different starting points for some terminal stations; and

T AEMOG6s appr oavidd detnand f&@dcasts and its reconciliation of these to
individual terminal station forecasts, which results in different forecast demand growth
rates being adopted by AEMO for some terminal stations, compared to the growth
rates adopted in the TSDF.

As in previous years, the DBs consider it appropriate to continue to adopt the TSDF
forecasts for the purpose of preparing this Transmission Connection Planning Report. It
is noted that the TSDF forecasts have been applied in all previous Transmission
Connection Planning Reports.
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5 RISK ASSESSMENT AND
OPTIONS FOR ALLEVIATION OF CONSTRAINTS

5.1 Preamble

This section presents an overview of the magnitude, probability and impact of loss of load
at each transmission connection, in accordance with the requirements of clause 3.4.2(b)
of the Victorian Electricity Distribution Code.

The assessment presented is not a detailed planning analysis, but a high-level
description of the expected balance between capacity and demand over the forecast
period, and the likely investment requirements. Data presented in this high-level analysis
may indicate an emerging major constraint. Therefore, this high-level assessment
provides a means of identifying those terminal stations where further detailed analysis of
risks and options for remedial action, in accordance with the RIT-T, is required.

It is emphasised that this high-level analysis focuses on risks to supply reliability that
relate to the capacity and reliability of transformers only. There are typically risks to
reliability associated with the performance and capacity of smaller plant items. However,
these smaller items involve relatively low capital expenditure, the deferral of which is
unlikely to entail a sufficiently high avoided cost to justify the employment of non-network
alternatives.

In addition, capital expenditure is required from time to time to address fault level issues.
This expenditure is driven chiefly by mandatory health and safety standards, and does
not relate to terminal station capacity, per se. Fault level issues are therefore not within
the scope of this report, however, the analysis of feasible and preferred options for
increasing capacity will, where appropriate have due regard to issues relating to fault
level control®.

The following key data are presented in this section for each Terminal Station, with the
exception of Deer Park Terminal Station (DPTS):

1 Energy at risk: For a given demand forecast, this is the amount of energy that would
not be supplied from a terminal station if a major outage*® of a transformer occurs at
that station in that particular year, the outage has a mean duration of 2.6 months (as
discussed in section 5.4 below), 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.

1 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. A load duration curve
is used to estimate the unserved energy in each hour of the year for a major

38 Some non-network alternatives such as embedded generation may raise issues relating to fault level
control. A further discussion of this issue is set out in Section 1.4 of this report.

39 At present, a spare 225 MVA transformer suitable for installation at DPTS is not available. The DB
responsible for planning DPTS (CitiPower-Powercor) has adopted the conservative assumption that
a major transformer failure would not be repairable, and therefore a replacement transformer would
need to be procured. The procurement of a replacement would take 12 months, so in the case of
DPTS, a major outage of a transformer is assumed to have a duration of 12 months.

40 The term fimajor outageo refers to an outage t
a significant failure within the transformer. The actual duration of an individual major outage may
vary from under 1 month up to 12 months. Further details are provided in section 5.4 below.
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transformer outage. The estimated unserved energy for each hour is then multiplied
by the probability of the outage occurring in any hour of the year. The total expected
unserved energy in a year is obtained by summing the probability-weighted estimates
of unserved energy for each hour of the year. This statistic provides an indication of
the amount of 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 terminal station provide estimates of energy at risk and
expected unserved energy based on the 50" percentile and 10" percentile demand
forecasts set out in Section 4. Consideration of energy at risk and expected unserved
energy at these two demand forecast levels provides:

1 an indication of the sensitivity of these two parameters to temperature variation over
the peak period; and

1 an indication of the level of exposure to supply interruption costs at higher demand
conditions (namely, 10" percentile levels).

As already noted, this information provides an aid to identifying the likely timing of
economically justified augmentations or other actions. However, the precise timing of
augmentation or any other non-network solutions aimed at alleviating emerging
constraints will be a matter for more detailed analysis prepared in accordance with the
RIT-T requirements.

In interpreting the information set out in this report, it is important to recognise that in the
case of a Summer peaking station, the 50" percentile demand forecast relates to a
maximum average temperature that will be exceeded, on average, once every two years.
By definition therefore, actual demand in any given year has a 50% probability of being
higher than the 50" percentile demand forecast.**

52 I nterpreting fenergy at risk?o

As noted above, ffenergy at risko is an estimat
supplied if one transformer was out of service due to a major failure during the critical

loading season(s), for a given demand forecast.

The capability of a terminal station with one transformer out of service is referred to as its

A NNinus10 rating. The capability of the station
to as its ANO rating. T h e -1 ratinbsaof ai statios dnd the bet we e

energy at risk is depicted in the diagram below.

41 Conversely, there is also a 50% chance that actual demand will be lower than the forecast in any
one year.
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Relationship between N rating, N-1 rating and energy at risk
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Demand
N rating 3
Energy at risk is
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the shaded area
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be available, on average, for
Demand forecast 99.79% of the time
|
|
Y,
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Time

5.3 Assessing the costs of transformer outages

As explained in Section 5.1, for a given demand forecast:

T fenergy at ri sko denotes the amount of ener (
terminal station if a major outage of a single transformer occurs at that station in that
particular year, and no other mitigation action is taken; and

1T Aexpected ungegoved ¢é¢he energy at ri sk weight
major outage of a single transformer.

In estimating the expected cost of connection plant outages, this report considers the first

order contingency <condition (i katmithecase of 0) onl
terminal stations that consist of two transformers, there is a significant amount of energy

at risk if both transformers are out of service at the same time, due to a major outage.

The DBs have carefully considered whether this report should be expanded to include
consideration of the costs of major outages under N-2 (second order contingency)
conditions, and concluded that it is not necessary to do so. The principal reason for this
is that the value of expected unserved energy associated with second order
contingencies would be unlikely to be sufficiently high to justify the advancement of any
major augmentation, compared to the augmentation timing that is economically justified
by an analysis that is limited to considering first order contingencies. The Appendix
contains a detailed example which illustrates this point.

5.4 Base reliability statistics for transmission plant

Estimates of the expected unserved energy at each terminal station must be based on
the expected reliability performance of the relevant transformers. With the exception of
Deer Park Terminal Station (which is owned by TransGrid), the basic reliability data for
terminal station transformers has been established and agreed with the asset owner,
AusNet Transmission Group. The base data focuses on:

Page 41



2019 Joint DB Transmission Connection Planning Report

T the availability of the connection point main transformers; and

1 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 is summarised
in the following table.

Major plant item: Terminal station transformer Interpretation
Major outage rate for 1.0% per annum A major outage is expected to occur once per
transformer 100 transformer-years. Therefore, in a

population of 100 terminal station
transformers, you would expect one major
failure of any one transformer per year.

Weighted average of major | 2.6 months On average, 2.6 months is required to return
outage duration the transformer to service, during which time,
the transformer is not available for service.
Expected transformer 0.01x2.6/12 = On average, each transformer would be
unavailability due to a 0.217% expected to be unavailable due to major
major outage per approximately outages for 0.217% of the time, or 19 hours
transformer-year in a year.
In October 2019, Aus Net Servicesbo Principal Engineer

confirmed that the transformer outage rate data and the average transformer repair time
assumptions shown in the above table are reasonable for the purpose of preparing the
transmission connection asset risk assessments*?. However, it was noted that:

1 The assumption used for the time to repair a large transformer will be reviewed for the
2020 Transmission Connection Planning Report in light of recent changes in the
Australian transformer industry, which have resulted in reduced capability to
undertake repairs to transformers that are subject to a major failure.

1 Recent experience from major transformer failures also demonstrated that it is often
more economical to replace rather than repair a transformer following a major failure,
for transformers that have reached or are approaching the end of their expected
service life.

I The time to restore supply is expected to be shorter when a failed transformer can be
replaced with a spare transformer (subject to availability) rather than being repaired.

Further detail s regarding the estimation of t
out ageso ar e thepAppendixd eTe Appendix also sets out an example
demonstrating the calculation of the fAExpected
station with two transformers, using the basic reliability data contained in this section.

42 AusNet Transmission Group uses asset condition based failure risk information for asset
replacement decisions. Joint planning is undertaken with the DBs to coordinate connection asset
terminal station augmentation wor fagementglahs. AusNet Trans
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As explained in section 5.1, a spare 225 MVA transformer suitable for installation at
DPTS is not available. The DB responsible for planning DPTS (CitiPower-Powercor) has
adopted the conservative assumption that a major transformer failure would not be
repairable, and therefore a replacement transformer would need to be procured. The
procurement of a replacement would take 12 months, so in the case of DPTS, a major
outage of a transformer is assumed to have a duration of 12 months.

5.5 Availability of spare transformers

In October 2019, AusNet Transmission Groupd s Pr i nc i p attategiE rNgtwonke e r S

Planning advised that:

1 Both 220/66 kV metropolitan spare transformers are available to manage the risk of a
metro transformer failure and they are located at Thomastown and Heatherton
terminal stations.

1 Both 220/66/22 kV country spare transformers are available to manage the risk of a
country transformer failure and they are located at Keilor and South Morang terminal
stations.

1 A spare 66/22 kV transformer is located at Brooklyn Terminal Station. This
transformer serves as a spare for 66/22 transformers including those at Malvern
Terminal Station.

1 Spare transformers held by AusNet Transmission Group may be used to support
essential maintenance activities including refurbishment programs. Any transformer
used in this way would no longer be available to replace a failed transformer.

1 There is a small number of AusNet Transmission Group stations for which a stock of
spare transformers is not held. These stations are the metropolitan 220/22 kV
connection stations (being Ringwood, Brunswick, Richmond, West Melbourne and
Brooklyn) and Wodonga 330/66/22 kV Terminal Station. For the metropolitan
220/22 kV stations, an in-s er vi c e O h edrnally pnovidedeby one of the
22022k V transformers at Brunswi ck. The
are likely to exceed one calendar month. In the case of Wodonga 330/66/22 kV
Terminal Station, AusNet Transmission Group currently plans to procure a spare
330/66/22 kV transformer in 2025.

In the case of Deer Park Terminal Station (which is owned and operated by TransGrid),
the total 10™ percentile load at this two-transformer station is not expected to exceed the
rating of a single transformer until 2023, at which time there is forecast to be 17.6 MWh of
load at risk (at the 10" percentile temperature). Load will be transferred to other terminal
stations in an event of a transformer failure at DPTS to avoid overloading the remaining
transformer. It is therefore considered acceptable during the period prior to 2023 to
operate the station without procuring further backup capacity. This approach is reviewed
annually.

The risk analyses presented in this report assume that a spare transformer will not be
available if an existing transformer fails. The DBs regard this assumption as
appropriately conservative, as there can be no guarantee that a spare will be available.
As explained in section 5.4, the risk analyses currently assume that the average outage
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duration is 2.6 months*, which is the estimated repair time for a major failure of a
transformer. This assumption will be reviewed and if necessary updated in the 2020
Transmission Connection Planning Report to reflect recent experience.

5.6 Treatment of Load Transfer Capability

Many terminal stations have some capability to transfer load from one station to adjacent
ones using the distribution network. The amount of load that can be transferred varies
from minimal amounts at most country terminal stations to significant amounts at some
urban terminal stations. Some load transfers are able to be made at 66 kV and/or 22 kV
and lower voltage levels.

In the event of a transformer failure at a terminal station, load could be transferred (where
short-term transfer capability is available) to reduce unserved energy and the impact of
an outage. The risk assessments presented in this planning report assume normal
network operating conditions, and therefore they show estimates of load at risk and
expected unserved energy before any potential short-term load transfers. The reasons
for this approach are:

1 There is no guarantee that capacity will be available at an adjacent terminal station to
accept load transfers, due to uncertainty of the availability of transformation capacity
at that station.

1 The capability of the distribution network to effect load transfers is always changing.
It will vary depending on network loading conditions and is usually at a minimum
during peak demand times. The transfer capability can also be adversely affected by
any abnormal configurations which may be implemented from time to time to manage
power flows across the distribution network.

1 Implementing short term transfers places the network in a suboptimal operating
condition, thereby increasing operational risks. As already noted, the network
planning studies presented in this report evaluate load at risk for a single contingency
under otherwise normal network operating conditions. This approach accords with
sound network planning practices.

Where short-term load transfer capability may be available, the relevant risk assessment
identifies load transfer as an operational solution to mitigate the severity of a major
outage.

5.7 Detailed risk assessments and options for alleviation of constraints, by
terminal station

Set out on the following pages are the detailed risk assessments and a description of the
options available for alleviation of constraints, for each individual terminal station. The
assessments, by station, are set out in alphabetical order. For each station, the network
augmentation requirements (if any) and the estimated annual costs of the augmentation
works are identified.

We have adopted an annuity approach to estimating the annual costs, which means that
the cost is constant in real terms throughout the estimated life of the asset, which is 45

43 With the exception of the risk analysis for Deer Park Terminal Station, for the reasons noted in
sections 5.1 and 5.4.
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years for the purpose of this report. The annualised cost calculation also assumes a real
pre-tax discount rate of 3% and an annual oper ati ng cost t hat
capital costs. Using these inputs, for the purpose of this report the annualised cost is
estimated to be 5.1% ofthepr oj ect 6 s capit al cost .

This cost estimate also provides a broad indication of the maximum potential value
available to proponents of non-network solutions in deferring or avoiding network
augmentation. However, it should be noted that the value of a non-network solution
depends on the extent to which it defers or avoids a network augmentation, and the
expected timing of the network augmentation. For example, a non-network solution that
defers a network augmentation from 2023 to 2026 is less valuable today than one which
defers a similar network augmentation from, say, 2020 to 2023. These issues should be
considered by proponents of non-network solutions in assessing the implications of this
report.

In addition, any proponents of non-network solutions to emerging constraints should note
that the lead time for completion of a major network augmentation (such as the
development of a new station, or the installation of a new transformer) can easily be up to
two to three years, taking into account the need to obtain local authority planning
consent*. In view of this consideration, the individual risk assessment commentaries for
each terminal station will:

1 identify the estimated lead time for delivery of the preferred network solution; and/or

1 identify the latest date by which the relevant DB(s) will generally require a firm
commitment from proponents of non-network alternatives, in order to be confident that
the network augmentation can be displaced or deferred without compromising supply
reliability in the future.

5.8 Interpreting the dates shown in the risk assessments

All charts and tables in the following risk assessments present data on a calendar year
basis. However, the narrative within some of the risk assessments may refer to
composite years; for instance /2019/200, or 0 L0126 Tr of

References to composite years may be made in risk assessments relating to summer
peaking stations. In these cases, the peak annual demand would typically be expected to
occur around mid to late summer (that is, early in the calendar year, say, from late
January to March).

Therefore, where a risk assessment refers to a peak demand occurring in a composite
year (such as 2019/20, for instance), the peak would typically be expected to occur in the
second year (in this example, 2020), and the relevant data for 2019/20 would be shown in
the accompanying tables and charts as 2020.

5.9 Augmentations to facilitate embedded generation connections

As explained in section 1.3.1, clause 14 of the Distribution Code requires the DBs to plan
and direct the augmentation of transmission connection assets to meet their obligations to
supply load customers, not embedded generators. While our planning obligations are
limited to facilitating electricity supply to load, the DBs also recognise that it may be useful
to identify opportunities to augment transmission connection assets to provide improved

44 Section 1.5 provides a more detailed description of the processes and timeframes involved in
implementing transmission connection projects.
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access for embedded generators. The risk assessments therefore comment on any such
opportunities, where applicable, noting that the investment would either need to be
financed by the embedded generators or satisfy the RIT-T.
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APPENDIX: ESTIMATION OF BASIC TRANSFORMER
RELIABILITY DATA AND EXAMPLE OF EXPECTED
TRANSFORMER UNAVAILABILITY CALCULATION

1. Estimation of basic transformer reliability data

The basic transformer reliability data adopted for the risk assessment is estimated as
follows:

Based on historic data, a major outage is expected to occur once per 100 transformer-
years (reflecting a 1% per annum failure rate). Therefore, in a population of 100
transformers, you would expect one major failure of any one transformer per year.

The mean duration of a major failure is derived from the following data:

PROPORTION OF MEAN OUTAGE

MAJOR FAILURES DURATION
Costly Major Failures* 0.4 of failures 5.0 months
Other Major Failures 0.6 of failures 1.0 month

Mean duration of a major failure = (0.4*5.0 months) + (0.6*1.0 month) = 2.6 months

2. Example of expected transformer unavailability calculation

This appendi x sets out an example demonstrat:i
Transfor mer Unavailabilityo for a terminal st a
reliability data contained in Section 5.4.

Expected transformer unavailability due to major outage per A 0.217%
transformer-year (Refer to Section 5.4 for the base reliability

statistics)

Number of transformers B 2

Expected unavailability of one transformer (probability of C=A*B 0.434%
being in state N-1)

Expected unavailability of both transformers (probability of | D=A*A | 0.00047%
being in state N-2)%°

45 The costly major failures are those that would result in repair costs greater than 2% of the
replacement value of the failed transformer, with a relatively long duration of outage for repair.

46 The coincident outages of two transformers are consideredto be fAi ndependent eventso.
that the failure of one transformer is assumed to not affect the availability of the other.
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Example Calculation

The following example is used to illustrate
Unser ved En etragsfoaner fteaninal atatiéh, given the following data and the
load duration curve shown below:

Required Data:

Maximum Demand = 80 MW

(N-1) Rating = 70 MW

(N-2) Rating = 0 MW

Annual Maximum Demand Growth Rate = 3.0%
Annual Energy Growth Rate = 1.5%

VCR = $60,000 per MWh#*’

= =4 =4 A A -

Risk assessment results for first and second order contingencies (i.e. one and two
transformers out of service, respectively) over 10 years are presented for this example. It
is assumed that the shape of the load duration curve will not change over the forecast
period. Detail calculations are shown for the first year.

Annual Load Duration Curve

Enegy above (N-1) rating

foo (N2)Rating=0MW |

0 1000 2000 3000 4000 5000 7000 8000 9000
Time of the Year

Risk Assessment Calculations for the first year

Energy at risk for an N-1 contingency is determined as the area below the load duration
curve, but in excess of the N-1 rating, as shown above. For this example, this is given by:

1 Energy above N-1 Rating in year 1 = 132 MWh

47 A VCR of $60,000 per MWh is used for illustrative purposes only.
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Similarly, energy at risk for an N-2 contingency is determined as the area below the load
duration curve, but in excess of the N-2 rating:

1 Energy above N-2 Rating in year 1 = 367,877 MWh

First Order Contingency (N-1):

Expected Unserved Energy = (Energy above N-1 Rating) * (N-1 Probability)

= (132 MWh) * (0.434%) = 0.6 MWh

Customer Value = (Expected Unserved Energy) * (VCR)

= (0.6 MWh) * ($60,000 per MWh?) = $36,000

Second Order Contingency (N-2)

Expected Unserved Energy = (Energy above N-2 Rating) * (N-2 Probability)

= (367,877 MWh) * (0.00047%) = 1.7 MWh

Customer Value = (Expected Unserved Energy) * (VCR)

= (1.7 MWh) * ($60,000 per MWh) = $102,000

Based on the data set out above, the expected unserved energy and corresponding
customer value can be calculated for each year over the next 10 years. The results of
these calculations are summarised and presented in the table and chart below. The
following conclusions can be drawn from the results:

f

The value of expected unserved energy for a 2" order contingency is comparable to
the value of expected unserved energy for a 1% order contingency in the earlier years
(when the peak demand is roughly the same as the N-1 rating at the station).
However, the combined total value of unserved energy for first and second order
contingencies in those early years is highly unlikely to economically justify a large
capital investment, such as the installation of a new transformer.

Over the ten year planning horizon, the value of expected unserved energy for a 1%
order contingency grows at a much faster rate than the value of expected unserved
energy for a 2" order contingency.

The value of expected unserved energy associated with 2" order contingencies only
would be unlikely to be sufficiently high to economically justify any major
augmentation. Hence, if a terminal station was expected to remain within its N-1
rating over the planning period, major augmentation (such as the installation of a third
transformer) would not be economically justified.

In undertaking a detailed economic evaluation of network investment, the quantity and
value of energy at risk associated with higher order contingencies should be
assessed. However, for the purpose of providing an indication of the likely timing of
the need for new investment, it is sufficient to consider the expected unserved energy
associated with first order contingencies only.

48

A VCR of $60,000 per MWh is used for illustrative purposes only.
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Customer Value of Risk for 1st and 2nd Order Contingency

B Customer Value (1st Order Contingency) O Customer Value (2nd Order Contingency)

Customer Value ('000s)

$2,000

$1,500

$1,000

$500

$0

*F‘T'iﬁbbtll !

Year
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Summary of Risk Assessment Results for a 2-Transformer Terminal Station Example

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
Maximum Demand 80.0 82.4 84.9 87.4 90.0 92.7 95.5 98.4 101.3 104.4
N-1 Risk Assessment
Rating 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0 70.0
Demand above Rating 10.0 12.4 14.9 17.4 20.0 22.7 25.5 284 31.3 34.4
Energy above Rating 132 231 374 565 838 1,253 1,914 3,003 4,759 7,393
Probability 0.433% 0.433% 0.433% 0.433% 0.433% 0.433% 0.433% 0.433% 0.433% 0.433%
Expected Unserved 0.6 1.0 1.6 2.4 3.6 5.4 8.3 13.0 20.6 32.0
Energy
Customer Value ($) 36k 60k 96k 144k 216k 324k 498k 780k 1236k 1920k
N-2 Risk Assessment
Rating 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Demand above Rating 80.0 82.4 84.9 87.4 90.0 92.7 95.5 98.4 101.3 104.4
Energy above Rating 367,877 373,395 378,996 384,681 390,452 396,308 402,253 408,287 414,411 420,627
Probability 0.00047% | 0.00047% | 0.00047% | 0.00047% | 0.00047% | 0.00047% | 0.00047% | 0.00047% | 0.00047% | 0.00047%
Expected Unserved 1.7 1.8 1.8 1.8 1.8 1.9 1.9 1.9 1.9 2.0
Energy
Customer Value ($) 102k 108k 108k 108k 108k 114k 114k 114k 114k 120k
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2019 Transmission Connection Planning Report Risk Assessment: ATS-BLTS

ALTONA/BROOKLYN TERMINAL STATION (ATS/BLTS) 66 kV

Altona/Brooklyn Terminal Station (ATS/BLTS) 66 kV comprises two terminal stations in close
proximity, connected by strong sub-transmission ties. The ATS/BLTS 66 kV supply area includes
Altona, Bacchus Marsh, Brooklyn, Laverton North, Tottenham, Footscray and Yarraville. It is the
main source of supply for 56,648 customers. The station is shared by Jemena Electricity
Network (36%) and Powercor (64%).

ATS consists of three 150 MVA 220/66 kV transformers with the 2-3 66 kV bus tie circuit breaker
locked open to manage fault levels. Under these arrangements, only one ATS 150 MVA 220/66
kV transformer operates in parallel with the BLTS system. BLTS has two 150 MVA 220/66 kV
transformers supplying the BLTS 66 kV bus.

The existing synchronous condenser connected to the BLTS 66 kV bus was decommissioned in
2017 as it is no longer required.

Magnitude, probability and impact of loss of transformer (N-1 System Condition):

The load characteristic for ATS/BLTS substation is of a mixed nature, consisting of residential
and industrial customers. The peak load demand on the entire ATS/BLTS 66 kV network
reached 244.04 MW (251 MVA) in summer 2019. In 2017 the BATS-BLTS tie was closed and
12 MW of load was transferred to Ballarat Terminal Station (BATS). Further, the completion of
Deer Park Terminal Station in 2017 has enabled transfers away from the ATS-BLTS Terminal
Station. These load reductions are reflected in the ATS/BLTS load forecast graph below.

It is estimated that:

1 For 17 hours per year, 95% of peak demand is expected to be reached under the 50"
percentile demand forecast.

1 The station load power factor at the time of peak demand is 0.97.

The graph on the following page depicts the 10" and 50" percentile summer maximum demand

forecast together with the stationds operational

AN O r at iGagbienttempebature.
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2019 Transmission Connection Planning Report Risk Assessment: ATS-BLTS

ATS-BLTS Summer Peak Forecast
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ATS-BLTS with one 150 MVA transformer out of service.

The graph shows there is sufficient capacity at the station to supply all expected demand at the
50" percentile over the forecast period, even with one transformer out of service. Under 10th
percentile forecast conditions, there is a small amount of load at risk from 2026 onwards, which
can be managed by utilising load transfers away to ATS, BATS, DPTS and KTS in the order of
30 MVA. Therefore, the need for augmentation or other corrective action is not expected to arise
over the next ten years.
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2019 Transmission Connection Planning Report Risk Assessment: ATS West

ALTONA WEST TERMINAL STATION (ATS West) 66 kV

Altona Terminal Station 66 kV comprises three 150 MVA 220/66 kV transformers. For reliability
and maintenance of existing supply requirements, the station is configured so that one
transformer operates in parallel with the BLTS system, and is isolated from the other two
transformers via a permanently open 2-3 bus tie CB at ATS. This electrically separates the two
systems and effectively creates two separate terminal stations. These stations are referred to
as ATS/BLTS and ATS West (ATS bus 3 & 4).

Background

The ATS West 66 kV supply area includes Laverton, Laverton North, Altona Meadows,
Werribee, Wyndham Vale, Mount Cottrell, Eynesbury, Tarneit, Hoppers Crossing and Point
Cook. The station supplies 92,979 Powercor customers, as well as Air Liquide, a company
supplied directly from the 66 kV bus at ATS. Air L i dpasibekce ihcudet m ahe
following assessment.

Growth in summer peak demand on the 66 kV network at ATS West has averaged around 1.3%
per annum over last five years. The peak load on the station reached 215.9 MW in summer
20109.

It is estimated that:

1 For 14 hours per year, 95% of peak demand is expected to be reached under the 50
percentile demand forecast.

1 The station load power factor at the time of peak demand is 0.96.

ATS West is summer peaking with high demand occurring over a five month period. The graph

below depicts the 10th and 50th percentile summer maximum demand forecast together with

the stations oper at i onal ANO rating (all t-tanshoi mgr @t
ambient temperature.

ATS West Summer Peak Forecast
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2019 Transmission Connection Planning Report Risk Assessment: ATS West

The ANO rating on the chart indicates
with al/l transforméosriabhi Bgronceéhe Tha
from ATS West with one 150 MVA transformer out of service.

The graph above shows that there is insufficient capacity to supply the forecast demand at 50th
percentile temperature at ATS West if a forced outage of a transformer occurs.

Magnitude, probability and impact of loss of transformer (N-1 System Condition):

The bar chart below depicts the energy at risk with one transformer out of service for the 50th
percentile demand forecast, and the hours per year that the 50th percentile demand forecast is
expected to exceed the N-1 capability rating. The line graph shows the value to consumers of
the expected unserved energy in each year, for the 50th percentile demand forecast.

Annual Energy and Hours at Risk and Expected Customer Value at ATS West under transformer outage condition
m Hours at risk (LH Scale) C—Energy at risk (MWh) (LH Scale) Customer Value (RH Scale)
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Comments on Energy at Risk

For an outage of one transformer at ATS West 66 kV, there will be insufficient capacity at the
station to supply all demand at the 50™ percentile temperature for about 164 hours in 2025. The
energy at risk at the 50" percentile temperature under N-1 conditions is estimated to be
5,090 MWh in 2025. The estimated value to consumers of the 5,090 MWh of energy at risk is
approximately $193 million (based on a value of customer reliability of $37,939.63/MWh)*. In
other words, at the 50" percentile demand level, and in the absence of any other operational
response that might be taken to mitigate the impact of a forced outage, a major outage of one
transformer at ATS West in 2025 would be anticipated to lead to involuntary supply interruptions
that would cost consumers $193 million.

It is emphasised however, that the probability of a major outage of one of the two 150 MVA
transformers occurring over the year is very low at about 1.0% per transformer per annum,

49 The value of unserved energy is derived from the sector values given in Table 1 of Section 2.4, weighted in
accordance with the composition of the load at this terminal station.
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2019 Transmission Connection Planning Report Risk Assessment: ATS West

whilst the expected unavailability per transformer per annum is 0.217%. When the energy at
risk (5,090 MWh for 2025) is weighted by this low unavailability, the expected unsupplied
energy is estimated to be around 22 MWh. This expected unserved energy is estimated to
have a value to consumers of $0.84 million (based on a value of customer reliability of
$37,939.63/MWh).

It should also be noted that the above estimates of energy at risk and expected unserved
energy are based on an assumption of average (50" percentile) summer temperatures
occurring in each year. Under 10" percentile temperature conditions, the energy at risk in 2025
is estimated to be 9,134 MWh. The estimated value to consumers of this energy at risk in 2025
is approximately $347 million. The corresponding value of the expected unserved energy (of
39.6 MWh) is $1.5 million.

These key statistics for the year 2025 under N-1 outage conditions are summarised in the table
below.

MWh Valued at consumer
interruption cost

Energy at risk, at 50" percentile demand forecast -
under N-1 outage condition 5,030 $193 million

th H
Expected unserved energy at 50™ percentile demand 29 $0.84 million
under N-1 outage condition

; m :

Energy at risk, at 10 p_e_rcentlle demand forecast 9.134 $347 million
under N-1 outage condition

th H
Expected unserved energy at 10™ percentile demand 39.6 $1.5 million
under N-1 outage condition

Possible Impact on Customers

System Normal Condition (Both transformers in service)

Applying the 50™ percentile and 10" percentile demand forecasts, there is sufficient capacity at
Altona West Terminal Station to meet all demand when both transformers are in service.

N-1 System Condition

If one of the 150 MVA 220/66 kV transformers at ATS West is taken offline during peak loading
times and the N-1 station rating is exceeded, the OSSCA® automatic load shedding scheme
which is operated by AusNet Transmission Groupd $OC5 will act swiftly to reduce the loads in
blocks to within safe loading limits. Any load reductions that are in excess of the minimum
amount required to limit load to the rated capability of the station would be restored at zone
substation feeder l evel i n accordance wi t
operation of the OSSCA scheme.

Possible load transfers away to ATS/BLTS and DPTS terminal stations in the event of a
transformer failure at ATS West total 10 MVA in summer 2020.

50 Overload Shedding Scheme of Connection Asset.
51 Transmission Operation Centre
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2019 Transmission Connection Planning Report Risk Assessment: ATS West

Feasible options for alleviation of constraints

The following options are technically feasible and potentially economic to mitigate the risk of
supply interruption and/or to alleviate the emerging constraint:

1. Install additional transformation capacity and reconfigure 66 kV exits at ATS, at an
estimated indicative capital cost of $18 million (equating to a total annual cost of
approximately $0.92 million). This would result in the station being configured so that three
transformers are supplying the ATS West load, and one transformer will continue to provide
capacity to the ATS/BLTS system.

2. A new Tarneit zone substation is planned for 2023; however it is not a committed project at
this point in time. This zone substation would be supplied from DPTS and will offload
Werribee and Laverton zones substations in the order of 40 MW. This will not eliminate the
load at risk at ATS West, only reduce it.

3. Demand reduction: There is an opportunity to develop innovative customer schemes to
encourage voluntary demand reduction during times of network constraint. The amount of
potential demand reduction depends on the customer uptake and would be taken into
consideration when determining the optimum timing of any network capacity augmentation.

4. Embedded generation, connected to the ATS 66 kV bus, may substitute capacity
augmentations.

Preferred network option(s) for alleviation of constraints

In the absence of commitment by interested parties to offer network support services by
installing local generation or through demand side management initiatives that would reduce
load at ATS, it is proposed to install additional transformation capacity and to reconfigure 66 kV
exits at ATS.

On the basis of the present demand forecasts and applying the 2019 VCR estimates, the
installation of an additional transformer and the 66 kV exit reconfiguration works at ATS would
be expected to be economically justified by around 2026.

The tables on the following pages provide more detailed data on the station rating, demand
forecasts, energy at risk and expected unserved energy.
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Altona West Terminal Station
Detailed data: Magnitude and probability of loss of load

Distribution Businesses supplied by this station: Powercor (100%)
MW MVA
via 2 transformers (Summer
Normal cyclic rating with all plant in service 340 peaking)
Summer N-1 Station Rating: 158 170 [See Note 1 below for interpretation of N-1]
Winter N-1 Station Rating: 176 187
Station: ATS West 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
50th percentile Summer Maximum Demand (MVA) 228.8 243.2 252.0 251.5 261.0 269.6 275.5 284.2 293.7 302.1
50th percentile Winter Maximum Demand (MVA) 169.7 177.1 179.9 183.5 190.6 196.6 201.3 208.2 214.2 220.2
10th percentile Summer Maximum Demand (MVA) 245.9 262.2 270.8 269.5 278.6 288.7 295.7 306.3 314.7 322.1
10th percentile Winter Maximum Demand (MVA) 188.3 196.5 197.9 199.7 208.6 217.7 219.6 231.2 233.7 239.6
N-1 energy at risk at 50% percentile demand (MWh) 1347 2332 3098 3056 4029 5090 5935 7499 9608 12055
N-1 hours at risk at 50th percentile demand (hours) 63.0 92.0 111.8 110.5 134.3 163.5 188.5 246.3 327.3 421.8
N-1 energy at risk at 10% percentile demand (MWh) 2555 4191 5257 5110 6657 9134 10682 15329 18040 22057
N-1 hours at risk at 10th percentile demand (hours) 98.8 142.8 168.8 169.0 230.8 341.8 390.8 567.8 639.0 763.5
Expected Unserved Energy at 50th percentile demand (MWh) 5.84 10.11 13.42 13.24 17.46 22.06 25.72 32.50 41.63 52.24
Expected Unserved Energy at 10th percentile demand (MWh) 11.07 18.16 22.78 22.14 28.84 39.58 46.29 66.43 78.17 95.58
Expected Unserved Energy value at 50th percentile demand $0.22M | $0.38M | $0.51M | $0.50M $0.66M | $0.84M | $0.98M | $1.23M | $1.58M | $1.98M
Expected Unserved Energy value at 10th percentile demand $0.42M | $0.69M | $0.86M | $0.84M | $1.09M | $1.50M | $1.76M [ $2.52M | $2.97M | $3.63M
Expected Unserved Energy value using AEMO weighting of 0.7 X 50th
precentile value + 0.3 X 10th percentile value $0.28M | $0.48M | $0.62M | $0.60M $0.79M | $1.04M | $1.21M $1.62M $2.00M | $2.48M

Notes:

1.AMO means cyclic station output capability rating with &uddgees€entigfadeone transformer. The

2. -1 AdNnergy at risko is the amount of ener gy i reedathg/Nelacapabditymatnqmng whi ch the specified deman
Energy at risk at the specified demand forecast when all plant is in service (N) is shown separately.

3. -1 iNours per year at risko is the number of hour sdstherN-lxapgbditaratnglur i ng whi ch the specifie
Hours at risk at the specified demand forecast when all plant is in service (N) are shown separately.

4 . AExpected unserved energyo means fienergy at riskanmtilorimglri edfitMpjtohe opt algp@ldi Imetaynsofan
of 2.6 months. The outage probability is derived from the base reliability data given in Section 5.4.

5. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.4, weighted in accordance with the composition of the load at this terminal station.

6. The 0.7 and 0.3 weightings applied to the 50th and 10th percentile expected unserved energy estimates (respectively) is in accordance with the approach applied by AEMO,
and described on page 12 of its publication titled Victorian Electricity Planning Approach, published in June 2016
(see http://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian Transmission/2016/Victorian-Electricity-Planning-Approach.ashx)
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2019 Transmission Connection Planning Report Risk Assessment: BATS

BALLARAT TERMINAL STATION (BATS) 66 kV

Ballarat Terminal Station (BATS) 66 kV consists of two 150 MVA 220/66 kV transformers
and is the main source of supply for 72,122 customers in Ballarat and the surrounding area.
The station supply area includes Ballarat CBD and Ararat via the interconnected 66 kV tie
with Horsham Terminal Station (HOTS).

Magnitude, probability and impact of loss of load

In 2015, one of the 150 MVA transformers failed at BATS. AusNet Transmission Group
replaced the failed transformer with the 150 MVA country spare transformer. Accordingly,
the station ratings have changed, and these changes are depicted in the graph below.
Growth in summer peak demand at BATS has averaged around 7.1 MVA (5.1%) per annum
over the last 5 years. The peak load on the station reached 181.6 MW (185.1 MVA) in
summer 2019.

It is estimated that:

1 For 7 hours per year, 95% of peak demand is expected to be reached under the 50™
percentile forecast.

I The station load power factor at the time of peak demand is 0.98.

The graph below depicts the 10" and 50" percentile maximum demand forecasts together

with the station& oper ati onal ANOG rating (al Flot rraans fnagr nael

35 C ambient temperature.
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The N rating on the chart indicates the maximum load that can be supplied from BATS with
all transformers in service. Exceeding this level will require load shedding or emergency
load transfers to keep the terminal station operating within its limits.
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2019 Transmission Connection Planning Report Risk Assessment: BATS

The graph above shows that there is sufficient capacity to supply the forecast demand at
50" percentile temperatures at BATS until 2025 if a forced outage of a transformer occurs.

The bar chart below depicts the energy at risk with one transformer out of service for the 50"
percentile demand forecast, and the hours per year that the 50™ percentile demand forecast
is expected to exceed the N-1 capability rating after 2024. The line graph shows the value
to consumers of the expected unserved energy in each year, for the 50" percentile demand
forecast.

Annual Energy and Hours at Risk and Expected Customer Value at BATS under station N and N-1
rating
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Comments on Energy at Risk

For an outage of one transformer at BATS 66 kV, there will be insufficient capacity at the
station to supply all demand at the 50" percentile temperature for about 7.3 hours in 2029.
The energy at risk at the 50" percentile temperature under N-1 conditions is estimated to be
39.5 MWh, which is valued at approximately $1.48 million (based on a value of customer
reliability of $37,530/MWh). In other words, at the 50™ percentile demand level, and in the
absence of any other operational response that might be taken to mitigate the impact of a
forced outage, a major outage of one transformer at BATS in 2029 would be anticipated to
lead to involuntary supply interruptions that would cost consumers $1.48 million.

It is emphasised however, that the probability of a major outage of one of the two 150 MVA
transformers occurring over the year is very low at about 1.0% per transformer per annum,
whilst the expected unavailability per transformer per annum is 0.217%. When the energy at
risk (39.5 MWh for 2029) is weighted by this low unavailability, the expected unsupplied
energy is estimated to be around 0.17 MWh. This expected unserved energy is estimated to
have a value to consumers of $6,400 (based on a value of customer reliability of
$37,530/MWh).

It should also be noted that the above estimates of energy at risk and expected unserved
energy are based on an assumption of average (50" percentile) summer temperatures
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2019 Transmission Connection Planning Report Risk Assessment: BATS

occurring in each year. Under 10" percentile temperature conditions, the energy at risk in
2029 is estimated to be 431 MWh. The estimated value to consumers of this energy at risk
in 2029 is approximately $16.2 million. The corresponding value of the expected unserved
energy (of 1.87 MWh) is $70,200.

These key statistics for the year 2029 under N-1 outage conditions are summarised in the
table below.

MWh Vz_ilued at consumer
Interruption cost
Energy at risk, at 50" percentile demand forecast 395 $1.48 million
Expected unserved energy at 50" percentile demand 0.17 $6,400
Energy at risk, at 10" percentile demand forecast 431 $16.2 million
Expected unserved energy at 10" percentile demand 1.87 $70,200

Feasible options for alleviation of constraints

The following options are technically feasible and potentially economic to mitigate the risk of
supply interruption and/or to alleviate the emerging constraint:

1 Installation of a third 220/66 kV transformer (150 MVA) at BATS at an indicative
capital cost of $14 million.

1 Demand reduction: There is an opportunity to develop a number of innovative
customer schemes to encourage voluntary demand reduction during times of
network constraint. The amount of demand reduction would depend on the
customer uptake and would be taken into consideration when determining the
optimum timing for any future capacity augmentation.

1 An alternative option to the network solution could be the establishment of an
embedded generator, suitably located in the area that is presently supplied by the
BATS 66 kV network.

i A new 30 MW 30 MWh battery storage system has been connected to one of the
BATS 220/66/22 kV transformers. The battery storage will be able to help supply
the loads for a period of time and may defer the need for any capacity augmentation
within the forecast period.

1 There are presently several large embedded generation 66 kV wind farm proposals
in the area which may drive the need for an additional 220/66 kV transformer at
BATS to accommodate the reverse power flow expected at BATS.

Preferred option(s) for alleviation of constraints

In the absence of any commitment by interested parties to offer network support services by
installing local generation or through demand side management initiatives that would reduce
load at BATS, it is proposed to:

Page 3 0of 5




2019 Transmission Connection Planning Report Risk Assessment: BATS

1. Install a third 220/66 kV transformer (150 MVA) at BATS at an indicative capital cost of
$14 million. This equates to a total annual cost of approximately $0.71 million per
annum. On the basis of the medium economic growth scenario and both 50" and 10™
percentile weather probability, the transformer would not be expected to be required in
the forecast period.

2. As a temporary measure, maintain contingency plans to transfer load quickly to the
Horsham Terminal Station (HOTS) and Brooklyn Terminal Station (BLTS 66) by the use
of the 66 kV tie lines that run from BATS to HOTS and BATS to BLTS 66 in the event of
an unplanned outage of one transformer at BATS under critical loading conditions. This
load transfer is in the order of 15 MVA. Under these temporary measures, affected
customers would be supplied from the 66 kV tie line infrastructure on a radial network,
thereby reducing the level of supply reliability they receive.

3. Subject to availability, an AusNet Transmission Group spare 220/66 kV transformer for

rural areas (refer Section 5.5) can be used to temporarily replace a failed transformer to
minimise the transformer outage period.

The table on the following page provides more detailed data on the station rating, demand
forecasts, energy at risk and expected unserved energy.
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BATS Terminal Station
Detailed data: Magnitude and probability of loss of load

Distribution Businesses supplied by this station: Powercor (100%)
MW MVA
Normal cyclic rating with all plant in service 358 via 2 transformers (summer)
Summer N-1 Station Rating: 183 [See Note 1 below for interpretation of N-1]
Winter N-1 Station Rating: 206
Station: BATS 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
50th percentile Summer Maximum Demand (MVA) 167.4 172.5 175.7 178.7 180.5 184.3 188.5 192.7 196.2 195.5
50th percentile Winter Maximum Demand (MVA) 181.7 184.6 188.0 193.5 196.4 199.3 202.9 206.6 210.8 2151
10th percentile Summer Maximum Demand (MVA) 184.5 189.5 193.1 198.1 198.1 201.4 207.2 209.6 216.5 213.1
10th percentile Winter Maximum Demand (MVA) 197.3 200.9 203.4 208.5 211.7 216.3 218.7 221.9 226.8 231.9
N-1 energy at risk at 50% percentile demand (MWh) 0.0 0.0 0.0 0.0 0.0 0.3 4.9 16.1 34.0 39.5
N-1 hours at risk at 50th percentile demand (hours) 0.0 0.0 0.0 0.0 0.0 0.3 1.8 3.3 6.0 7.3
N-1 energy at risk at 10% percentile demand (MWh) 0.4 7.0 17.2 42.0 45.8 82.2 157.4 211.7 394.9 431.0
N-1 hours at risk at 10th percentile demand (hours) 0.3 2.3 3.3 6.5 7.3 12.3 19.0 23.5 38.5 49.3
Expected Unserved Energy at 50th percentile demand (MWh) 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.07 0.15 0.17
Expected Unserved Energy at 10th percentile demand (MWh) 0.00 0.03 0.07 0.18 0.20 0.36 0.68 0.92 1.71 1.87
Expected Unserved Energy value at 50th percentile demand $0.00M | $0.00M | $0.00M | $0.00M | $0.00M | $0.00M | $0.00M | $0.00M | $0.01M | $0.01M
Expected Unserved Energy value at 10th percentile demand $0.00M | $0.00M | $0.00M | $0.01M | $0.01M | $0.01M | $0.03M | $0.03M | $0.06M | $0.07TM
Expected Unserved Energy value using AEMO weighting of 0.7 X 50th
precentile value + 0.3 X 10th percentile value $0.00M | $0.00M | $0.00M | $0.00M | $0.00M | $0.00M | $0.01M | $0.01M | $0.02M | $0.03M

Notes:
1. iMo0 means cyclic station output capability rating with &uddgreeas€entigfadeone transformer. TI
2 fAMenergy at risko is the amount of energy in a y-é&eapabildyuatigng whi ch specified demand f
3. AM hours at risko is the number of hours in a vyealrcapdbiityratmggy whi ch the specified deman:
4. AExpected unservedl eenneerrggyyd anie arniss kioN f or t he speci fied demand forecast multi pMaegdrby
out aged means an outage with a dur at i oiveddédm the baBe refiabifity data given iTSeeion®dd.t age probability is de
5. The value of unserved energy is derived from the sector values given in Table 1 of Section 2.4, weighted in accordance with the composition of the load at this terminal
station.

6. The 0.7 and 0.3 weightings applied to the 50t and 10™ percentile expected unserved energy estimates (respectively) are in accordance with the approach applied by
AEMO, and described on page 12 of its publication titled Victorian Electricity Planning Approach, published in June 2016 (see http://www.aemo.com.au/-
/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2016/Victorian-Electricity-Planning-Approach.ashx).
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2019 Transmission Connection Planning Report Risk Assessment: BETS 22 kV

BENDIGO TERMINAL STATION (BETS) 22 kV

Bendigo Terminal Station (BETS) 22 kV consists of two 75 MVA 235/22.5 kV transformers
supplying the 22 kV network ex-BETS. These two transformers have been in service since mid
2013 and they have enabled the separation of the 66 kV and 22 kV points of supply, and the
transfer of load from the existing 230/66/22kV transformers. This configuration is the main
source of supply for 26,998 customers in Bendigo and the surrounding area. The station supply
area includes Marong, Newbridge and Lockwood.

Magnitude, probability and impact of loss of load

BETS 22 kV demand is summer peaking. Growth in summer peak demand on the 22 kV network
at BETS has averaged around 4.3 MVA (8%) per annum over the last 5 years. The peak load for
the 22 kV network now on the station reached 76.0 MW in summer 2019. There were load
transfers from Eaglehawk Zone Substation to BETS 22 which have contributed to the higher peak
demand since 2016 compared to 2015. It is estimated that:

1 For 9 hours per year, 95% of peak demand is expected to be reached under the 50%
percentile demand forecast.

1 The station load power factor at the time of peak demand is 0.99.

The graph below depicts the 10" and 50" percentile summer maximum demand forecast together
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The above graph shows that there is sufficient capacity at the station to supply all expected
demand at the 50" and 10" percentile temperature, over the forecast period, even with one
transformer out of service. Therefore, the need for augmentation or other corrective action is not
expected to arise over the next ten years.
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2019 Transmission Connection Planning Report Risk Assessment: BETS 66 kV

BENDIGO TERMINAL STATION (BETS) 66 kV

Background

In 2013, AusNet Transmission Group commissioned 2x75 MVA 220/22 kV transformers to
pick up the 22 kV load from the tertiary of the existing 230/66/22 kV transformers. The
66 kV and 22 kV points of supply at Bendigo Terminal Station are now segregated and
supplied from separate transformers.

Also in 2013, two 70/57/51 MVA 230/66/22 kV transformers were retired and one new 150
MVA 220/66 kV transformer was commissioned in service supplying the 66 kV buses in
parallel with one existing 125/125/40 MVA 230/66/22 kV transformer. These transformers
provide the main source of 66 kV supply for 60,957 customers in Bendigo and the
surrounding area. The station supply area includes Bendigo CBD, Eaglehawk, Charlton,
St. Arnaud, Maryborough and Castlemaine.

AusNet Transmission Group down-rated the transformers in 2015. As a result the BETS 66
station has new ratings with the N rating reduced from 350 MVA to 310.9 MVA and the N-1
rating reduced from 180 MVA to 146.7 MVA in summer. These new ratings are depicted in
the graph below.

Magnitude, probability and impact of loss of load

Growth in summer peak demand at BETS 66 kV has averaged around -1.15 MVA (-0.4%)
per annum over the last 5 years. The peak load on the station reached 172.2 MW in
summer of 2019. It is estimated that:

1 For 13 hours per year, 95% of peak demand is expected to be reached under the 50"
percentile demand forecast.

1 The station load power factor at time of peak demand is 0.99.

BETS 66 kV demand is summer peaking. The graph below depicts the 10" and 50™
percentile summer max i mum demand f orecast together
rating (all transfor-sher s at nGagbienttemPesaturea n d

BETS66 Summer Peak Forecast
400 -

350 4 ——rm—- <
Ity (N) rating @ 35deg C

300 -

10% Weather Probability Forecast
250

200 | ./-\/k"-—./. —

(N-1) Rating @ 35deg C

MVA

150 4

50% Weather Probability Forecast

100

Actuals Forecasts

50

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Year

Page 1 of 5

wi t h

t he

n N

1



2019 Transmission Connection Planning Report Risk Assessment: BETS 66 kV

The (N) rating on the chart indicates the maximum load that can be supplied from BETS with
all transformers in service. Exceeding this level will initiate automatic load shedding by
AusNet Transmission Groupbs automatic | oad shedc

The bar chart below depicts the energy at risk with one transformer out of service for the 50"
percentile demand forecast, and the hours per year that the 50" percentile demand forecast
is expected to exceed the N-1 capability rating. The line graph shows the value to
consumers of the expected unserved energy in each year, for the 50" percentile demand
forecast.

Comments on Energy at Risk

For a major outage of one transformer at BETS 66 kV during the summer period, there will
be insufficient capacity at the station to supply all demand at the 50" percentile temperature
for about 122.3 hours in 2029. The energy at risk at the 50" percentile temperature under
N-1 conditions is estimated to be 2,409 MWh in 2029. The estimated value to consumers of
the 2,409 MWh of energy at risk is approximately $80.6 million (based on a value of
customer reliability of $33,477/MWh).52 In other words, at the 50" percentile demand level,
and in the absence of any other operational response that might be taken to mitigate the
impact of a forced outage, a major outage of one transformer at BETS 66kV in 2029 would
be anticipated to lead to involuntary supply interruptions that would cost consumers
approximately $80.6 million.

It is emphasised however, that the probability of a major outage of one of the two
transformers occurring over the year is very low at about 1.0% per transformer per annum,
whilst the expected unavailability per transformer per annum is 0.217%. When the energy at
risk (2,409 MWh for 2029) is weighted by this low unavailability, the expected unsupplied
energy is estimated to be around 5.2 MWh. This expected unserved energy is estimated to

52 The value of unserved energy is derived from the sector values given in Table 1 of Section 2.4,
weighted in accordance with the composition of the load at this terminal station.
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