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Executive summary

In 2017, MO commenced a Regulatory Investment Test for TransmissiofiRIFT) to assess the technical
feasibility and economic benefits of addressing limitations in the Western Victoridransmission network.

In recent years the transition in the energy markets fas madeWestern Victoriaan attractive location for
new generation projects due to the quality of its renewable energy resourcesnamely wind and solar.
However,the transmissioninfrastructure in thisregion is insufficient to allowefficient access to dlthe new
and committed generation seeking to connect to it. Without proper planning and timely investment in the
Western Victorian transmission network, these limitations are expected to increaséectricity costsover
the long term, due to the increasing cost of generation dispatch and the cost of future investment in
generation capacity.

The start of the Western VictoriaRIT T processcoincided with the release of the2017 Finkel reviewy an
independent review established by the Cancil of Australian Governments (COAGEnergy Counciland led by
Austral i ads wkddhieemmmeSded tlerddéveloprhent of renewable energy zonegREZs}o
efficiently facilitate new generation connectionsacross Australia. AEMGnvestigated this ecommendation
further in its July2018 Integrated System Plan (ISPyhich highlighted transmissioninvestments inWestern
Victoria as a priorityGroup 1project, because of itshigh-quality wind and solar resourcesand high interest
from potential generators. In December 2018the COAGEnergy Councilagreed on an approach, set out by
the Energy Security Board, to deliveGroup 1 projects

Against this background and after extensivemarket modelling and stakeholder consultation AEMO has
produced this third and final report of the RITT process which confirms the initialinvestment plans proposed
in the preceding report, to improve transmission capacity inWestern Victoria. The preferred option was found
to have the highest net market benefit$ under all assessedscenarios and sensitivities.

This Project Assessment Conclusions RepoilPACR confirms the preferred option recommended in
the Project Assessment Draft ReportPADRY, and the updated information and assessment presented
in this PACRhas further strengthened this recommendation

The preferred option will support additional generation connections in the ~ Western Victoria
region, and includes the following major components

91 Short term (present to 2021): Minor transmission lineaugmentations, including wind monitoring
and upgrading station limiting transmission plant, carried out for the Red Cliffs to Wemen to
Kerang to Bendigo, and Moorabool to Terang to Ballarat, 22@&ilovolt (kV) transmission lines.

1 Medium term (2021 to 2025):

0 By 2024 A new North Ballarat terminal station and new 220 kV double circuit transmission lines
from North Ballarat to Bulgana(via Waubra)

0 By 2025 New 500 kV double circuit transmission lines from Sydenham to North Ballarat
connecting two new 1,000megavolt amperes MVA) 500/220 kV transformersat North Ballarat

1Clause5.16.4 of the NationalElectricity Rulesat https://www.aemc.gov.au/sites/default/files/201807/NER%206%20v111.pdf
20Western Vi c tTis defmed ad Qentral Hightand® Winmer&outhern Mallee, Mallee, Loddon Campaspe, and parts of the Great South Coast.

3 At https://www.energy.gov.au/government-priorities/energy-markets/independent-review-future-security- national-electricity-market.
4 At https://www.aemo.com.au//media/Files/Electricity/NEM/Planning_and_Forecasting/ISP/2018/Integrate®ystem Plan-2018_final.pdf

5 The present value of net economic benefit to all those who produce, consume and transport electricity in the market

6 At http://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian_Transmission/20A@stern-Victoria-Renewable Integration-RIT
T-PADR.PDF
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The preferred option isshown in Figure 1, withdirther details in Table 1.
The preferred option is consistent with the recommendations of the 20183P.

It is estimated to cost $370 million and deliver gross market benefits of $670 million and net
market benefits of $ 300 million ( all figures in present value) . This net market benefit is
achieved through :

9 Significant reductions in the capital and dispatch cost of generation
i Facilitation of future transmission network expansion .

1 Improvements to the Victoria to New South Wales interconnector transfer limit.

Figure 1 Preferred option for Western Victoria Renewable Integration RIT -T
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Note: the locations of the proposed new terminal station and newtransmission linesshown in this figure areillustrative only. Matters
such as route selection will be considereafter the conclusion of the RITT process.

Identified need

Western Victoria is experiencing significant committed renewable generation devetonent, with large
amounts of additional generation expected to be operational in the near term.

Around 2,000 megawatts (MW) of committed new renewable generation will be buijtor is undergoing
commissioning,in the Western Victoria region by 2020 AEMO projects that a further3,000 MW of new
generation will be constructed in the regionby 2025, and a further 1,000 MW of new generation will be
constructed by 2030,based on proposed new connections in the region andhe announced increase to the
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Victor i an Governmentds Victor i anThRmeumbew ndule800MWefr gy Tar get
additional new generation that has become committed since the publication of the PADR in December 2018

Generators connecting tothe 220 kVtransmission system in Wetern Victoria are expected to be heavily
constrained bythe thermal capacity of the existing transmission network AEMO expectsthat these
limitations, if not addressed, may result in:

1 Inefficient development of new generation 8 new generation is likely to be developed in areas with lower
quality resources but higher transmission network capacity

1 Inefficient generation dispatchd generation in Western Victoriais likely to be constrained due to limited
transmission network capacity, requiring more expensive generation to be dispatched at a higher price.

These inefficiencies are expected to lead to higher costs to consumers.

Credible options
Six credible options were assesseith the PADRstage for their relative net market benefits

1 The top two options, B3 and C2, were further assessed trepth in this PACRstage, and are summarised
in Table 2.

1 The other four options, which ranked lowestunder all scenarios and sensitivitiedhave not been assessed
in the same depthat this stage of the processbecausetheir net market benefitswould not exceed the top
two preferred options, even with the changes in assumptiongpplied to this assessmenfrom the PADR

Table 1 Options further assessed in the PACR stage

Transmission
line section

Description

Thermal capacity of Cost Market

new transmission lines* Present benefit, Net
Value Present
($M) Value ($M)

B3 1 Minor augmentations for Red Cliffs to Minor
Wemen to Kerang to Bendigo, and
Moorabool to Terang to Ballarat, 220 kV
transmission lines.

Approximately 10% 287 247
augmentations increase to existing
transmission line capacity

Construction of new 220 kV double Bulgana to 2 x 750 MW
circuit transmissionline from Moorabool Ballarat
to Elaine to Ballarat to Bulgana.
Retire Ballarat to Mogabool 220 kV Ballarat to 2 X750 MW
circuit No. 1, and cut in Ballarat to Elaine to
Moorabool circuit No. 2 at Elaine. Moorabool
Cc2 Minor augmentations for Red Cliffs to Minor Approximately 10% 370 301
(Preferred Wemen to Kerang to Bendigo, and augmentations increase to existing
Option) Moorabool to Terang to Ballarat, 220 kV transmission line capacity
transmission lines.
Construction of new North Ballarat Bulgana to 2 x 750 MW
Terminal Station, with 2 x 1,000 MVA North Ballarat
500/220 kV transformers.
Connect North Ballarat Terminal Station
to existing Ballarat to Bendigo 220 kV
single circuit transmission line.
7 Generators proposing to connect to the 500 kV transmission system are not expected to be impacted by thermal constraints ire#tern Victoria.
8 Additional work since the PADR has identified scopehanges to both Options B3 and C2, discussed further in the following sections.
© AEMO 2019| Western Victoria Renewable IntegratiolPACR 5



Description Transmission Thermal capacity of Cost Market
line section new transmission lines* Present benefit, Net

Value Present
($M) Value ($M)

9 Construction of new 500 kV double North Ballarat 2 x 2,700 MW
circuit transmissionline from Sydenham to Sydenham
to North Ballarat, with 50MVAr reactors
on each end of each circuit.

9 Construction of new 220 kV double
circuit transmissionline from North
Ballarat to Bulgana.

9 Connect one of the new 220 kV Ballarat to 470 MW connected to
transmission circuits from NorthBallarat Elaine to Elaine TerminalStation
to Bulgana to the existing Waubra Moorabool

Terminal Station.

9 Disconnect existing Waubra Terminal
Station from existing Ballarat to Waubra
to Ararat 220kV transmission line.

9 Cut in Ballarat to Moorabool 220 kV
circuit No. 2 at Elaine Terminal Station.

* Based oncontinuous thermal rating at 40°C ambient temperature
Key changes from the PADR

Changes fromthe PADR assessment due to stakeholder feedback

AEMO carried out extensive stakeholderconsultation in the RIFT process and thanks all stakeholders for
their valuable input, including the 26 stakeholderswho made written submissions. Thisfeedback has
significantly assisted in testingthe RITT assessment methodologyand ensuiing the robustness of the
findings regarding the preferred option.

As a result of stakeholder feedbackthe following input assumptions to the PACRwvere adjusted or added
i Sensitivity study for extending the preferred option from Bulgana to Horsham to MurraWara.

1 Different timings for the KerangLinKR®interconnector, including a scenario where the interconnector is
not built.

T Updated assumptions from AEMOGs For ecaédincludigg and
different capital costs for generation deelopment, and different fuel costs.

1 Announced Victorian Government plicy change tothe VRETto require 50% renewable energy by2030'2
1 Included cost estimates of construction outages for both options assessed in the PACR

1 Updated generation time-sequential modellingto allow brown coal generators toturn off/on in response
to market signals.

1 Included committed generation up to 21 January 2014

9 Non-confidential submissions are published ahttps://www.aemo.com.au/Electricity/Nationa Electricity Market- NEM/Planning-and-forecasting/Victorian-
transmission network-service provider-role/RITT/Stakeholderconsultation.

10 KerangLinkis further described in AEMO ISP InsightsBuilding power system resilience with pumped hydro energy storage, July 2019, at
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Foresting/ISP/2019/ISPInsights--- Building- power-system resilience with-
pumped-hydro-energy-storage.pdf.

LAt https://www.aemo.com.auk/media/Files/Electricity/ NEM/Planning_and_Forecasting/Inputdssumptions Methodologies/2019/2019Planning-and-
Forecasting Consultation-Paper.pdf

2The PADRconsidered a VRET of 25% renewable emgy by 2020 and 40% renewable energy by 2025

3 The PADR considered committed generation up to July 2018.
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Changes from the PADR assessment due to updated information

1 New interconnector developmentd updated proposed timings for the new South Australia to New South
Wales interconnector the Victoria to New South Wales interconnector upgradeand the New South Wales
to Queensland interconnector upgrade.

1 Improvement to the stability limits of the existing Victaia to New South Wales interconnector
1 Refinementsto Option B3:

0 The PADR specified that power flow controllers may be required to manage transmission line flows
between Ballarat to Bulgana.

0 The PACR proposeisteadto connect one of the proposed Bulganato Ballarat circuits to Waubra
Terminal Station, and disconnect Waubra Terminal Station from the existing Ballarat to Waubra to
Ararat to Crowlands to Bulgana 220 kV transmission lingo manage transmission line flows between
Ballarat to Bulgana

1 Refinementsto Option C2:

0 The PADR specified that power flow controllers may be required to manage transmission line flows
between North Ballarat to Bulgana.The PADRalso allowed for a new 220 kV double circuit
transmission line between Ballarat to NorttBallarat Terminal Station

0 The PACR proposeisteadto:

3 Connect one of the proposed Bulgana toNorth Ballarat circuits to Waubra Terminal Station and
disconnect Waubra Terminal Station from the existing Ballarat to Waubra to Ararat to Crowlands to
Bulgana220 kV transmission lingo manage transmission line flows between Ballarat to Bulgana

3 Install additional circuit breakers at Ballarat Terminal Station to establish a bus splitting control
scheme following a critical contingency.

3 Connect the existingBadlarat to Bendigo 220 kV transmission line to North Ballarat Terminal Station,
forming a new Ballarat to North Ballarat to Bendigo 220 kV transmission line.

3 Install 4x 50 megavolt amperesad reactive MVAr) reactors on each end of the 500 kV transmission
lines from Sydenham to North Ballarat Terminal Station.

Market benefits

The assessment conducted under this RIT has involved detailed market modelling using a market dispatch
model, combined with the development of alternative generation expansion plans

The market benefitsestimated for both Options B3 and C2have increased since the publication of the PADR,
due to an increase in fuel cost savings)ecause:

1 More renewable generationhas become committed.

1 The optionsassessed in the PACRnprove the Victoria to New South Wales interconnector export
capacity, resulting in higher export of new renewable generation.

The weighted net market benefits of eachof Options B3 and C2under each scenarig together with the
sensitivities which reduce markebenefits, are provided in Table 2 The analysis shows that Option C2 hathe
highest net market benefit$* under all assessedcenarios and sensitivities. It is therefe the preferred option.

14The present value of net economic benefit to all those who produce, consume, and transport electricity in the market
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Table 2 Weighted net market benefits

Scenari Equal weighting 60% Neutral 60% Slow Change 60% Fast Change
weig &
Benefit ($M) Benefit ($M) Benefit ($M) Benefit ($M)
196 157

Option B3 Base 247 334
assumptions
Discount rate 63 40 29 91
10%
Costx 1.3 174 123 84 261
Deferred 247 196 157 334
KerangLink

Option C2 Base 301 257 214 418
assumptions
Discount rate 75 56 45 116
10%
Costx 1.3 229 187 145 349
Deferred 272 226 181 385
KerangLink

* Scenarios are described in Section 5.1.2 of this document, and scenario weightings are described in Section 5.2.5.

The preferred option will:

1 Minimise network congestion and facilitate more efficient generation dispatch

1 Reduce the capital cost of newgeneration by enabling more efficient generation connections.
1 Improve the capacity of the existing Victoria to New South Wales interconnector.

i Enable future transmission network expansion from Victoria to New South Wales.

These improvementswill, in turn, help to reduce the cost of electricity for consumers in the long term.
Beyond this RIT-T

Additional investments in Western Victoria

Western Victoria is continuing to experiencenigh demand for renewable generation. While thepreferred
option identified in this RITT will reduce the most urgent congestion on Western Victoriangenerators,
additional transmission network augmentationsbeyond the scope of this RIT-T will likely be required to
further accommodate future generation connections

A E M OZ0B9Victorian Annual Planning Repof® (VAPR) has identified that the withdrawal of further thermal
plant from the Latrobe Valley may result in supply shortfalls, system strength gaps, reactive power issues, or
other consequential power system impacts. While pdicipants are expected to provide adequate notice

before decommissioning, there are risks that a substantial plant failure or force majeure event could cause an
early or unexpected plant retirement.

As a prudent risk mitigation strategy, AEMO has also eomenced preliminary studies on options to improve
interconnection between Victoria andNew South Wales in the longterm, unlocking opportunities for
additional renewables in Victoria and delivering reliability benefits in the event of future plant closuresr

15 At http://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/VAPR/2019/Victori#nnuak Planning-Report-2019.pdf
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declining reliability in the Latrobe Valley. AEMO expects to build on these studies to commencaather RITT
process in the near future.

Western Victoria Transmission Network Project

This report represents the final stage of the Western Victorian Rewable Integration RITT process AEMO
has commenced a tender process to procure theservicesrequired to deliver the contestable augmentations
within the preferred option. The serviceswill include design, construction, operation, and ownershipof the
new infrastructure (the Western Victoria Transmission Network Project, or Project)

Further information

AEMO is committed to keeping stakeholders informed of the progress ofthe Projectfollowing the conclusion
of the RIT-T process AEMOwill provide further updatesin the coming months, including announcements on
contracts awardedin relation to the Project (anticipated to be the end of 2019)and upcoming stakeholder
engagement activities.

Stakeholder consultation onthe Projectroute is expected to commerce in 2020.

For further details , or to be placed on our mailing list, please e-mail WestVIicRITT@aemo.com.au
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1. Introduction

11 Overview

This Project Assessment Conclusions Report (PACR) has been prepared by the Australian Energy Market
Operator Limited (AEMO) in accordance with the requirements of National Electricity Rules (NER) clause8.16
for a Regulatory Investment Test for Transmissn (RIFT).

The purpose ofa RITT is toidentify the credible option for meeting an identified need that maximises net
economic benefitfor all those who produce, consume and transport electricity in the market

The RITFT process involves the publicabn of three reports. For this RITT:

1 The Project Specification Consultation Report (PSCRyhich sought feedback on the identified need and
proposed credible options to address the need was published in April 20178

1 TheProject Assessment Draft Report (?\DR) which identified and sought feedback on the preferred
option which delivers the highest neteconomic benefit and other issueswas published in
December2018°.

1 ThisProject Assessment Conclusions Report (PACRp e c i f i econclésiora©Oto the preferred
option, and, among other things, provides a summary ofthe submissions received on the PADR.

1.2 Stakeholder consultation

AEMO carried out extensive stakeholderconsultation throughout the RITT process with the objectives of:
1 Ensuring the rolustness of theRITT findings.
i Validating the study assumptions.

1 Communicating the process and identified needdriving the RITFT, as well as @scribing the credible
options and assessmentsonsidered in the PADR.

i1 Ensuring stakeholdersvere aware of the opportunity to make asubmission

AEMO used a variety of methods taconsult with stakeholders with differing levels of knowledge and interest
in the project, including forums, roundtables, teleconferencing, online engagementcalls to the dedicated
toll-free phone number, and emails. Appendix A4 lists key materials made available to stakeholders, and
Appendix A5 summarisesengagement activities undertaken following the release ofthe PADR

ThisPACRstage assessmentook into account the PADRsubmissions and feedback received from
stakeholders.SeeSection4 for informatonon submi ssi ons received and AEMOGs

1.3 Declared Shared Network

The transmission network proposed to be augmented inNestern Victoria forms part of the Victorian
Declaed Shared Network

16 At https://www.aemc.gov.au/regulation/energy-rules/national-electricity-rules/current.

17Refer to AppendixAlfor a list of PACR requirements.

18 At https://www.aemo.com.aut/media/Files/Eledricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2017/Westeviictoria-Renewable
Integration--- Project Specification Consultation- Report_FINAL.pdf

19 At https://www.aemo.com.aut/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2018/Westfictoria- Renewable
Integration-RIFT-PADR.PDF
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AEMO®ds functions under the National El ectrijacdi ty Law in
directing augmentation of the Declared Shared Network

In deciding whether a proposed augmentation to theDeclared Shared Networkshould proceed, AEMO is
required to undertake a costbenefit analysis. As the preferred option involves a number of augmentations to
the Declared Shared Networkthe RITT meets this requirement in relation to those augmentations

1.4  Further enquiries

AEMOis committed to keeping stakeholders informed of the progress of Western Victoriadransmission
Network Project following the conclusion of the RIFT process AEMO will providefurther updates in the
coming months, including announcements onthe Projectand upcoming stakeholder engagement activities.

Stakeholder consultation on the Project route is expected to commence in 2020.

For further details, please e -mail WestVicRITT@aemo.com.au
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2. ldentifled need

The need for transmissioninvestment, as identified in the PADRiIs unchanged. Investmentis required to
reduce constraintg® on anticipated newand existinggeneration in Western Victoria, to deliveran increase in
benefits to both energy consumers and energyproducers (that is, an increase irthe sum of consumer and
producer surplusin the National Electricity MarketfNEM]) through significant reductions in the capital cost
and dispatch cost of generation over the longer term

2.1 Integrated System Plan

The augmentation outlinedinthisRIFT was i denti fied as a pri oifntegrated Gr oup
System Plan ISP for the National Electricity Market NEM), which recommended it be delivered as soon as

possible. In December 2018the Council of Australian Governments COAQ Energy Councilagreed on an

approach, set out bythe Energy Security Boarét (ESB to deliver the Group 1 projects and the ESBoublished

a consultation paperin May 2018to convert the ISPinto action??.,

In parallel, AEMO isworking to progress thetransmissioninvestments identified in this RITT.

2.1.1 Renewable energy zones

The 2018 ISP identified three priorityhree renewable energy zonegREZs)n Victoria:

1. Western Victoria REZd includes the transmission networkfom Red Cliffsto Horshamto Ballaratto
Moorabool, or Sydenham.

2. Moyne REZJ includes the transmission networkrom Ballarat to Terang and Terang to Moorabool.

3. Murray River REZd includes the transmission network fromBuronga to Red Cliffs to Kerango Bendigo
and Sydenham and the potential connection to a new South Australian interconnectobetween
mid-north South Australia and Wagga Wagga in New South Wales, via Buronga

2.2  Drivers for augmentation

Western Victoria REZ

The main driver for Horsham toBallarat augmentation is development of largescale renewable (mainly wind)
generation in the area.

Most of the generation isintended to flow from Horsham towards the 500 kilovolt (kV) network at
Moorabool. The transmission line flows in the Moorabool toGeelong to Keilor220 kV path also increasedue
to the large amount of generation in the Horsham to Ballarat corridor.

With no major augmentations along the Horsham to Ballarattransmission path or the Murray RiverREZ and
with the newly committed generation specified in AppendixA2, the most overloaded transmission line section
will be between Waubraand Ballarat.If constraints on the Ballarat toWaubra 220 kV transmission line are
removed, the Ballarat to Moorabool 220 kV transmission line will become constrained.

If there isa trip of the Red Cliffs to Horsham line, the Horsham to Ballarat line becomes radial, withost
of the generation flowing towards Ballarat(a small percentage of generation will also be supplying load
at Horsham)

20 Under both system normal or contingency conditions.

2Information about the Energy Security Board is alittp://www.coagenergycouncil.gov.au/marketbodies/energy-security-board.

22 At http://www.coagenergycouncil.gov.au/publications/energy security-board-%E2%80%93converting-integrated- system plan- action-consultation-paper.
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Following major augmentation of the Horsham to Ballarat to Moorabool 220kV path, the Geelong to Keilor
220 kV path could become the main limitation to deliver generation in this REZ to the load centresand is
discussed further in Sectior6.3.1

Moyne REZ

Augmentation of the Terang to Moorabool line is primarily driven by new wind generation connecting to
Terang Terminal Station (both transmission and distribution connections). Generation connectirg the
Western Victoria REZ will also increase transmission line flows on the Ballarat to Terang to Moorabool
transmission lines.

Most of the generation is intended to flow towards Ballarat or towards Moorabool, from Terang.

Murray River REZ

The key driver for Murray River augmentations the development of large-scale renewable (mainly solar)
generation in thisarea, and major generation retirements in Victoria

The main generation interestwithin this REZs around the Red Cliffs and Kerangrea, which haslimited local
demand. Small-scale incremental developments wiltherefore have limited benefit, becausethe generation
facilitated by these developmentscannot be entirely absorbed locally. A transmission path would be required
to allow for efficient transport of generation to the Melbourne load centre, or to other states, provided it is
economic to do so.

If no further augmentations are carried out, the most overloaded transmission line section is between Red
Cliffs to Wemen to Kerang. The2018ISP identified this transmission lin@ugmentation as a Group 3 project
The 2018ISP alscestimated that a new Victoria to New South Walesinterconnector (called KerangLink),
running through the Murray River REZmay be required by 2035

2.3 Victorian Annual Planning Report (VAPR)

A E MO G s VAPR*h&s identified that the withdrawal of further thermal plant from the Latobe Valley may
result in supply shortfalls, system strength gaps, reactive power issues, or other consequential power system
impacts. While participants are expected to provide adequate notice before decommissioning, there are risks
that a substantial plart failure or force majeure event could cause an early or unexpected plant retirement.

As a prudent risk mitigation strategy, AEMO has also commenced preliminary studies on options to improve
interconnection between Victoria and New South Wales in the longerm, unlocking opportunities for
additional renewables in Victoria and delivering reliability benefits in the event of future plant closures or
declining reliability in the Latrobe Valley. AEMO expects to build on these studies to commenceather RITT
process in the near future.

23 KerangLinkis further described in AEMO, ISP Insights: Building power system resilience with pumped hydro energy storage, July 2019, at
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/ISP/2019/I$#sights--- Building- power-system resilience with-
pumped-hydro-energy-storage.pdf.

24 At http://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecadsy/VAPR/2019/VictorianAnnuak Planning Report-2019. pdf

© AEMO 2019| Western Victoria Renewable IntegratioiPACR 17


https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/ISP/2019/ISP-Insights---Building-power-system-resilience-with-pumped-hydro-energy-storage.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/ISP/2019/ISP-Insights---Building-power-system-resilience-with-pumped-hydro-energy-storage.pdf
http://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/VAPR/2019/Victorian-Annual-Planning-Report-2019.pdf

3. Credible options

3.1 Minor augmentations

The PADR identified several norcontestable’ minor augmentations to existing infrastructure to be delivered
by AusNet Service® as the ownerand operator of this infrastructure, and listed in Table 3

Table 3 Minor network augmentations for Western Victorian Renewable Integration RIT  -T

Project description Capital expenditure 10-year operational Estimated in service
cost, $M ( nominal ) expenditure costs, $M date

Ballarat to Waubra to Ararat to Horsham 0.21 In service
220 kV transmission line minor upgrade
(committed project, for information only)

Horsham to Red Cliffs 220 kV transmission 1.45 0.29 October 2019
line minor upgrade (committed project, for
information only)

Red Cliffs to Wemen to Kerang 220 kV 2.6 0.27 2021
transmission line minor upgrade

Bendigo to Kerang 220 kV transmission line 1.7 0.21 2021
minor upgrade

Moorabool to Terang 220 kV transmission 0.5 0.21 2021
line minor upgrade

Ballarat to Terang 220 kV transmission line 0.7 0.21 2021
minor upgrade

The uncommitted minor augmentationslisted in the table abovehave atotal capital cost of approximately
$5.5million. If these upgrades are deployedoy 2021,they will return a net market benefit of $Lmillion. The
minor augmentations are assumed to be included to the scope of the credible options assessed in this PACR.

Refer to AppendixA3 for further information on the scope of works of these minor augmentations.

3.2  Credible option sassessed inthe PADR

The PADR assessed a range of credible optionksted in Table 4below. ThePADRassessmenfound two
options (Option B3 and Option C2 described further in the next sectionyto have the highestnet market
benefits under the assessed scenarios and sensitivities

This PACR only focuses on the top two options from the PADR, and whether any changes in assumptions will
change their net market benefits and rankings.

Other options identified in the PADR have not been assesseth depth at this stage of the process since their
net market benefitswould not exceed the top two preferred options, even with the changes in assumptions
applied to this assessment from the PADRT his is because:

1 Option B2 & will have similar marketbenefits to extending Option C2, as described in Sectio6.3.4,
meaning it will have an incrementalgross benefit of between $6 million and $38 million (in net present

2> NER 8.11.6 sets out the criteria for determining if an augmentation is narontestable augmentation.

26 AusNet Servicesowns and operatesthe majority of Vi ¢t or i ads el ect r i.Seehtps:/vwaansetsersices.connaltise Rageslinks/
About-Us for more information.

© AEMO 2019| Western Victoria Renewable IntegratioiPACR 1¢


https://www.ausnetservices.com.au/Misc-Pages/Links/About-Us
https://www.ausnetservices.com.au/Misc-Pages/Links/About-Us

value (NPV) terms), when compared to Option B3. This option has an incremental cost of $5iillion (in
present value terms) sothe incremental benefits of this optionwould be less han its incremental cost.

i1 Option B4 6 will have less market benefits than Option B3, but higher costs, due to its outage
requirements, sothis option will always have less net market benefits than Option B3.

1 Option C108 will have similar capital and dispatch benefits as Option Chut less transmission network
investment benefits sothis option will always have less net market benefits than Option C2.

1 Option E106 had negative net market benefits under all scenarios and sensitivities in the PADR, and the
changes to assumptions inlhe PACR are not expected to result in positive net market benefits under any
scenariosor sensitivities.

Appendix A6 has more information on options consideredin the PADR but not assessed further in the PACR.

Table 4 Weighted net market benefits for each augmentation option and reasonable scenario from
the PADR
Option Description Cost ($M, | Neutral Neutral Weighted
nominal ) ($M) with benefit

storage ($M, NPV)
IIEWYES
($M)

Scenario weighting 25% 25% 25% 25%

B2 { Construction of a new 220 kV double 406 13 25 14 81 14

circuit transmissionline from
Moorabool to Elaine to Ballarat to
Bulganato Horsham.

1 Retire Ballarat to Moorabool 220 kV
circuit No. 1, and cut in Ballarat to
Moorabool 220kV circuit No.2 at
Elaine.

9 Allow sufficient powerflow controllers
to manage transmission line flows
between Ballarat to Bulgana to
Horsham.

B4 1 Rebuild existing Moorabool to Elaine 367 57 9 30 133 57
to Ballarat to Bulgana single circuit
220 kV transmission line as a 220 kV
double circuit transmission line.

1 Retire the existing Moorabool to
Ballarat to Bulgana 220 kV
transmission lines to enable existing
easement tobe re-used for a new
double circuit line. Cut in Ballarat to
Moorabool 220 kV circuit No.2
at Elaine.

i Dynamic reactive compensation
required to manage voltages.

Cc1 i Construction of a new 500 kV double 443 65 19 38 135 64

circuit transmissionline from
Sydenham to Ararat.

1 2x 1,000 MVA 500/220 kV
transformers at Ararat

9 Allow for line switched reactors for
the 500 kV transmission lines.

1 Cut in Ballarat to Moorabool 220 kV
circuit No. 2 at Elaine.

E1l Battery at AraratTerminal Station 117 -74 -72 -98 -60 -76
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3.3 Credible investment options  further assessed in PACR stage

The top two options in the PADR had the highest net market benefits under certain scenarios and sensitivities.
Therefore, both optionswere assessedn depth in the PACRstage. For both options:

1 The minor augmentations identified inTable 3should be added to the scope of works and capital costs of
the option.

1 Thetransmission lines shownin this report are for illustrative purposes only The RITT process does not
determine a project route, which will be developed after the conclusion of the RFT.

1 The cost estimates provided have an accuracy of £30%see Section5.2.12for methodology applied).

1 Project sequencing and constructionwill be determined after the conclusion of the RITT process by a
competitive tender. Estimated @mmissioning dateshere have beeninformed by high-level assessmenby
AEMOQO.

3.3.1 Option B3 0 parameters and details

The table below describes the parameters of Option B3, including its scope of works, expected
commissioning year and costs.

Option parameter Details
High-level drawing Legend
Red — Existing 220kV line
ciitrs @ _— New 220kV line
[ ] Existing terminal station
Horsham __ Bulgana
L
Waubra w5 ,
Bal\:at.\% Elaine
\\
Moorabool
Scope of works 1 Construct a new Moorabool to Elaine to Ballarat to Bulgana 220 kV double circuit transmission line,

with a summer rating?’ of 750 MVA per circuit.

1 Retire the existing Ballarat to Moorabool 220 kV circuit Nol, to allow the existing easemento be
re-used for a new double circuit line.

1 Cut in the existing Ballarat to Moorabool 220 kV circuit No2 at Elaine Terminal Station, te@onnect
more renewable generation at Elaine Terminal Station.

Refinement to option 1 The PADR specified tht power flow controllers may be required to manage transmission line flows
since PADR between Ballarat to Bulgana.

1 Further assessment has identified tharansmission line flows can be managed bgonnecting one of
the proposed Bulgana to Ballarat circuits to Waubrd erminal Station and disconnecting Waubra
Terminal Station from the existing Ballarat to Waubra to Ararat to Crowlands to Bulgana 220 kV
transmission line.Refer to AppendixA8.1for load flows.

Impact on 1 Additional assessmenthas identified that the transient stability limit of the existing Victoria to New
interconnector limits South Wales interconnector will be improved by this option, due to the220 kV networkimpedance
change. However this option has limited improvement on the Victoria to New South Walesoltage

27 Summer rating means the continuous thermal rating at 46C ambient temperature.
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Option parameter Details

stability limit for high export from Victoria to New South WalesThis change in interconnector export
capability is not likely to have a material internetwork impact. Refer to Section5.2.6for further details.

1 The Western Vitoria augmentation does not have a negative impa¢ on the South Australiad New
South Walesor Murraylink interconnectors. As most of the limitations in northwest Victoria are due to
thermal limits andthe need to avoid voltage collapse the proposed Western Vidoria network changes
would improve theselimits by providing more capacity and voltage support.The benefits are expected
to be similar for both Option B3 and Option C2, and are notquantified because it will not change the
RIFT conclusion.Refer to AppendixA8.3.1for further information.

Construction type Greenfield
Expected By 2024
commissioning year

Estimated capital cost $335 million
(nominal )

Estimated outage cost $10million
(nominal )

Ongoing operating 3.8% of capital cost
cost

3.3.2 Option C2 & parameters and details

This table describes the parameters of Option C2, including its scope of works, expected commissioning year
and costs.

Option parameter Details

High-level drawing
Red

Cliffs ®
Legend
_ Existing 220kV line
Modify existing 220kV line
New 220KV line
e New 500kV line
® Existing terminal stations
. New terminal station
@ Bendigo
[ J
N;ulgana
i .\ = North Ballarat
Waubra s
Ballarat\.\ \\,-\.Sydenham
\Elame
W
]
Moorabool
Scope of works 1 Establisha new terminal stationclose to Ballarat called North Ballarat Terminal Station, with 2 x

1,000MVA 500/220 kV transformers.

0 Connectthe existing Ballarat to Bendigo 220 kV transmission line dhe new North BallaratTerminal
Station to form the Ballarat to North Ballarat to Bendigo 220 kV transmission line.

i Construct a new Sydenham to North Ballarat 500 kV double circuit transmission line with a summer
rating®® of 2,700 MVA per circuit. Alow for transmission line reators on both ends of the 500 kV
transmission lines

1 Construct a newNorth Ballaratto Bulgana 220 kV double circuit transmission line, with a summer
rating of 750 MVA per circuit. Connect one of the new 220 kV transmission circuits from North Ballarat

28 Summer rating means the continuous thermal rating at 46C ambient temperature.
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Option parameter

Details

Additional
considerations

Refinement to option
since PADR

Impact on
interconnector limits

Construction type

Expected
commissioning year

Estimated capital cost
(nominal )

Edimated outage cost
(nominal )

Ongoing operating
cost

to Bulgana to the existing Waubra Terminal Station. Disconnect the existirgfaubra Terminal Station
from the existing Ballarat to Waubra to Ararat 220 kV transmission line.

Terminate theexisting Ballarat to Moorabool No.2 220kV transmission line at &ine Terminal Station
forming the Ballarat to Elaine No.2 line andhe Elaine to Moorabool No.2 line

The proposed augmentation will increase the fault level at nearby transmission and distribution
busses. The increased fault levels are below the fault level limits in NEIRuse9.3A, but it will be above
the station rating at some locations. AEMO has codalinated with the local Distribution Network
Service Provider (Powercor) to identify high fault levels d@allarat North Zone Substation BAN), which
is estimated torequire an augmentation costing $2 million to resolve. AEMO will continue to assess
maximum fault levels in Victoria in its Annual Fault Level Review (AFLRhich is shared with Victorian
Network Service Providers in December each year

The PADR specified that power flow controllers may be required to manage tn@mission line flows
between Ballarat to BulganaSee AppendixA8.2for more on load flows.

Further assessment has identified that transmission linefi’s can be managed by:

0 Connecting one of the proposed Bulgana toNorth Ballarat circuits to Waubra Terminal Station and
disconnecting Waubra Terminal Station from the existing Ballarat to Waubra to Ararat to Crowlands
to Bulgana 220 kV transmission line.

0 Installing additional circuit breakers at Ballarat Terminal Station to establish a bus splitting control
scheme following a critical contingency.

The PADR cost estimates allowed for a new 220 kV double circuit transmission line between Ballarat
North Ballarat Terminal Station. Further assessment has shown ththee bus splitting control scheme
referred to above will reduce expected flows between Ballarat and North Ballarat. Therefore, the
existing Ballarat to Bendigo 220 kV transmission line can be conned to North Ballarat Terminal
Station, forming a new Ballarat to North Ballarat to Bendigo 220 kV transmission line.

Additional assessments have identified the need for 4 x 50 MVAr reactors on each end of the 500 kV
transmission lines from Sydenham to Nath Ballarat Terminal Station.

Connection of the new 500 kV transmission lines to Sydenham will need to be coordinated with the
asset replacements works proposed for Sydenham Terminal Statitn

Additional assessment has identified that the transient stability limit of the existing Victoria to New
South Wales interconnector will be improved by this option, due tche impedance change of the
220kV and 500kV transmission network, as weks an improvement to the pre-contingency voltage
and angle of the 500kV buses. Tis option will improve the Victoria to New South Wales voltage
stability limit for high export from Victoria to New South WalesThis change in interconnector export
capability is notlikely to have a material internetwork impact. Refer to Section5.2.6for further details.

The Western Vitoria augmentation does not have a negatve impact on the South Australiad New
South Walesor Murraylink interconnectors. As most of the limitations in northwest Victoria are due to
thermal limits andthe need to avoid voltage collapse, the proposed Western Vioria network changes
would improve these limits by providing more capacity and voltage support. The benefits are expectet
to be similar for both Option B3 and Option C2, and are not quantified because it will not change the
RIFT conclusion.Refer to AppendixA8.3.1for further information.

Greenfield

By 2025

$473 million

$4 million

3.5% of capital cost

®See AusNet

Ser vi c e s ditpA/sesne.com.Rué-imedim/Eiles/BRettracity/ NEMERIanning_and_Forecasting/VAPR/2019/AusN8ervices

assetrenewalplan-2019_Final.pdf
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4. Submissions

AEMO received26 non-confidential stakeholdersubmissions® on the Western Victorian Renewable
Integration RIT-T PADR(listed in Table 5, and one confidential submission The matters raised in these
submi ssions and AEMO®&6s responses are summarised in Tat

AEMO also received submissions on the PSCR, which are diseed in section 4 of the PADR.

Table 5 Non -confidential submissions to the PADR
Ararat Rural City  Central Victorian Energy Australia Grampians New Moorabool Shire Queensland Wimmera
Council Greenhouse Energy Taskforce Council Energy Users Development
Alliance Network Association
AusNet Services City of Ballarat Engie Loddon Mallee Murray River Smart Wires WestWind
New Energy Group of Councils
Taskforce

Australian Energy City of Greater European Energy Major Energy Pacific Hydro Snowy Hydro

Council Bendigo Users
Brolga Recovery Corangamite Gannawarra Shire Meridian Pyreness Shire Swan Hill Rural
Group CMA Council Council City Council
Table 6 Matters raised in submissions and AEMO responses
Matters raised in submissions by general AEMO response
topic
Consideration ofadditional augmentations to 1 AEMO has commenced preliminary studies on options to improve
the Western Victorian transmission network, interconnection between Victoria andNew South Wales inthe long term,
including: unlocking additional opportunities for renewables in Victoria and delivering

reliability benefits in the event of future plant closures or declining reliability in

the Latrobe Valley.These studies will consider upgrades to the Bendigd

Kerangd Wemen d Red Cliffs transmission networkand the Murray & Dederang

i Upgrades tothe Murra 8 Dederang d South 0 South Morang transmission network, and the economic timing for any
Morang transmission network. proposed investment.

9 Upgrades tothe Bendigo d Kerangd Wemen
0 Red Cliffs transmission network.

1 Bringing forward the timing of the KerangLink § AEMO expects to build on these studies to commencerether RITT process in
interconnector. the near future.

1 A third South Australian interconnector. 9 A third Victoria to South Australia interconnector is not considered because this
need has not been identified by ElectraNet, or in the 2018 ISP.

Updating modelling assumptionsto include: Several market modelling assumptions have been umted in the PACRfrom
1. The Victorian Solar Homepackage® thoge in the PADRIn response to submissions receivedThe numbers in this

section correspond with the numbered stakeholder requests on the left.
2. Victorian Renewable Energyrarget (VRET)

of 50% renewable energy by 2030. 1. The impact of the SolarHomes packagehas been captured in the demand

traces used(seeSection5.1.3.

3. Notice periods for coal generation closure. ) . .
P 9 A VRET of 50% renewable generation by 2030 has been considered in

AEMOOGs gener atseesectionbd®e | | i ng

30 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Victorian-transmission network-service provider-
role/RITT/Stakelolder-consultation.

31 More information available athttps://www.solar.vic.gov.au/
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Matters raised in submissions by general

topic

10.

Ancillary service costs associated with
increased intermittent supply.

Costs of outages for theassessedptions.

Costs of decommissioning transmission
assets.

Updated assumptions that have emerged
since the 2018 ISP.

The Murray RiverREZsolar potential and
regional data.

A higher discount rate.

An alternative interconnector path from
Victoria to New South Wales.

Further information on:

1.

The impact of the options on
interconnectors.

AEMO response

10.

The augmentations in this RIAT are driven by new renewable generation and
the VRET. The RIT found that augmentations woulddeliver net market
benefits before any Victaian coal generation closure has occurred. Therefore,
the notice period for coal generation closure will not changethe preferred
option arising out of this RIFT. Early coal generation closure is likely to
increase the market benefits of the preferrecbption under this RIFT.

A E MO s-setuentiad modelling showved that ancillary service costs
associated with increased intermittent supply will not be affected by the
options consideredin this PACR(seeSection6.1.1

AEMO has considered additionatonstruction outage costs for implementing
the options considered in this PACRseeSection5.2.1}

The options consideredin the PACRalready consider the costs of
decommissioning assets in its total cost.

The PACR uses new information published in the 2019 Modelling Assumption
Workbook® on capital costs andconsideredthe impact on different fuel
costs.

AEMO is aware of the high interest in new solar connections in th&lurray
RiverREZ and has considered committed generation since the PADR, and as
listed in AppendixA2. The new generation uptake modelled in this PACR is
lower than the generation interest from the marketbecause:

0 Forecast mand in Victoria isflattening over the modelling horizon. Refer
to Section 5.1.3for demand forecasts.

0 There arecurrently limited major generation retirementsexpectedin
Victoria within the modelling period (some brown coalis assumed toretire
in Victoria towards the end d the modelling period, in the 2033 financial
year).

0 A E M Oléast cost marketmodelling will allow new generation capacity
only to meet customer demandand committed renewable energy targets,
as required by the RITT application guidelines®. This new generation
capacitymodelled in the PACR (including solar generations less than the
known market interestin developing new generation

o Further augmentaions in Western Victoria will be subject to timing of
major generation retirements.

The base discount rate of 6% is consistent with the central commercial
discount rate recommended by Energy Networks Australia (ENA) in their RTT
Economic Assessment Haitbook®4. Sensitivity studies have shown that the
preferred option does not change even when the discount rate is raised to
10%.

The 2018 ISP assessagvendifferent options for a major Victoria to New
South Wales interconnector augmentationand selectel the KerangdLink
interconnector as the option that provides the highest net market benefits.
ThisPACR addresses the uncertainty in the future interconnector
augmentation by assessing a scenario with no additional interconnection
between Victoria to New South Wales, and also applying different possible
timings to the Kerangd-ink interconnector.

The numbers in this section correspond with the numbered stakeholder requests
on the left.

1.
2.

Impact of options on interconnectors are discussed in SectioB.3.

Next steps after the conclusion of the RFT are in Section7.3.

32 At https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/InputAssumptions Methodologies/2019/2019 Input-and-
Assumptions workbook.xIsx

33 At https://www.aer.gov.au/networks pipelines/guidelines-schemes models-reviews/rit-t-and-rit-d-application-guidelines-2018

34 At https://www.energynetworks.com.au/sites/default/files/ena_rit_handbook_15_march_2019.pdf
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Matters raised in submissions by general AEMO response

topic

2. How changes to scenariosand assumptions 3.
modelled for this RIFT would be
considered after the RITT process

An assessment of wholesale electricity prices by fuel/technology type is not
required as part of the RITT.

4. Project costs are further discussed in Sectiof.2.11and Section5.2.12
3. Thecost of wholesale electricity produced
from non-subsidised wind and solar fams
with batteries. 6.

5. AEMO6s consultation actiiwAbti es ar e

The fuel and capital cost savings are the outcome of market modelling. The
4. How proiect costs were calculated timing of the KerangLink interconnector is the outcome of market modéling

’ proj ' carried out in the 2018 ISP.
S LN GRnUIENETS e (26 C2mEe e 7. The cost and benefits of options are discussed in Sectiof.3. and the asts
and benefits of each major stage of thepreferred option are discussed in

Section6.3.5

6. Which input assumptions are the atcome
of market modelling, and which input
assumptions are fixed.

7. Thecosts and benefits of each of the major
stages of theproject.

Market benefit assessments: 9 Option value benefits are assessed by including nescenarios as

1 Further assessment on option value benefits. recommended by the RITT application guidelines anddiscussed in
Section5.2.2

1 Whether generation dispatch using Short Run

Marginal Cost isappropriate. 9 Short Run Marginal Cosgeneration dispatch modellingis usedto identify the

least cost generation required to meet customer demand as recommended in
the RIFT application guidelines

1 TheRITT st ates that othe

i That capital efficiency be considered intte

assessment which may reverse the ranking of

preferred opt

the two preferred options.

the net economic benefité comparedtoallother cr edi bl e op

Further exlore the robustness ofOptions C2 . . .

1 and B3 ® P 9 AEMO has further explored the market benefits of both Option B3 and Option
' C2, and has recommended the option with the highest net market benefits
1 Transmission infrastructureshould be across all scenarios and sensitivities as the preferred option. The preferred

connected to dispatchable generation

Easementsand planning permits:

option does not change when corsidering the impact of early coal retirement,
reduced customer demand, or higher uptake of demand response. The
preferred option is expected to have high utilisation after it is commissioned.
Refer to AppendixA9 for expected transmission line utilisations.

TAEMOds mar ket model | i
on the amount of dispatchable generation.

ng has hashowimpactt

AEMO has used the best information available to estimate the cost of proposed
options, with an accuracy ofapproximately + 30%. The final cost of the

i The RIFT should consider @sements and - . .
. . . contestable components of thepreferred option will be obtained through a
land requirements for the credible options. " )
competitive tender process and the final costs of the noncontestable
1 The RIFT should consider the cost of components of the preferred option will be the subject of offers from the

obtaining planning approvals, including the
potential need to underground the proposed
new transmission lines, to meet planning
requirements.

Matters outside of the RIFT process

incumbent transmission network service provides (TNSP$ AEMO will continue to
consult with stakeholders to identify a solutionthat satisfies the technical,
economic, planning and environmental challenges identifiedvhilst remaining
cognisant of community and consumerimpacts.

1 The assessments in this PACR have been conducted in accordance with the
RITFT and application guidelinesmade by the Australian Energy Regulator

Sustainable management of natural assets. . . L -

1 9 (AER). It is important to recognise that the test and the apmlation guidelines

i Impacts onBrolga habitat. specifically exclude consideration of certain matters.

1 Impactson the community, including social, 1 AEMO appreciates and acknowledges the important environmental, amenity
land use, amenity environmental, and cultural, and community mattersraised by stakeholders AEMO has ensured
cumulative impactson community when that these matters have been capturedfor inclusion in the scope of worksthat
combined with other local and State projects. the successful tenderemust considerin delivering the Project The ensuing

1 Social licence community sentimentand best (F;ro;elct will consger th.e best solfnor(;mtlh regards to tecrmtﬁl de5|gq, .route
practice community engagement including eve_opmer;t, an en\(lronn:jenta and planning approvalswhile remaining
community benefit sharing and cognisant of community and consumer impacts.
neighbourhood benefit programs. i The @™GaTl recommendations, including the details of the proposed reforms

1 TheRITT process is constraineavith respect and transitional arrangements, are due at the end of 2019, and the proposed
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to the delivery of timely investment

reforms are targeted to commence from July 202. Due to the urgency of the
identified need in this RIFT, AEMOwill begin the process ofdelivering the
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Matters raised in submissions by general AEMO response

topic

i AEMO should consider the impact of the Project under the current arrangements andwill consider the impact of any
Coordination of Generation and Transmission material changes to assumptions, including regulatory changestroduced by
Investment® (CoGaTl) reforms prior to the CoGaTl reviewthroughout the delivery of the Project.

concluding the RIFT.

Credible options considered in the RIAT: The PADR budget estimate allowed for power flow combllers to manage
transmission line flows between Bulgana to North Ballarafhe PACR assessment
however has found that moving the Waubra Terminal Station connection,
together with the control scheme described in SectiorA8.2.1is the most cost
effective way to manage transmission line flows.

Power flow controllers provider greater network
benefits than fixed series capacitors.

35 At https://www.aemc.gov.au/marketreviews advice/coordination-generation-and-transmissioninvestmentimplementation-accessand.
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5. Methodology and
assumptions

5.1 Assumptions from the PADR

This section describesnodelling assumptions used in thisSPACRthat are the same asthose usedin
the PADR®.

51.1 Discount rate

A base discount rate of 6% (real, preax) has been used in the NPV analysis, for all credible options. Tlés
consistent with the central commerciadiscount rate recommended by Energy Networks Australia (ENA) iths
RITT EconomicAssessmeniHandbook®”.

Sensitivity testing has been conducted on the base discount rate, with a lower bound discount rate 846,
and an upper bound discount rate of 10%. The change in dscount rate did not change the outcomeas to the
preferred option.

5.1.2 Reasonable scenarios

The RITFT is a costbenefit analysis that includes an assessment of reasonable scenarios of future supply and
demand if each credible option were implemented, comparedo the situation where no option is
implemented. A reasonable scenario represents a set of variables or parameters that are not expected to
change across each of the credible options or the base case.

This RITT analysis included four reasonable scenarsofrom the 2018 ISPsummarisedbelow?®, and one new
scenarioto address stakeholder submissions:

1. Neutral 9 central projections of economic growth, future demand growth, fuel costs, technology cost
reductions, and distributed energy resources (DER) aggregiain growth.

2. Neutral with storage initiatives 9 all the scenario settings of theNeutral scenariq combined with the
proposed Snowy 2.0 and Battery of the Nation pumped hydro storage projects, and associated
augmentations of the transmission network

3. Slow change 6 compared with the Neutral scenarig assumedweaker economic and demand
consumption growth, lower levels of investments in energy efficiency, slower uptake of electric vehicles,
slower cost reductions in renewable generation technologiesand greater aggregation of DER

4. Fast change d compared with the Neutral scenarig assumedstronger economic and demand growth,
higher levels of investments in energy efficiency, faster uptake of electric vehicles, faster cost reductions in
renewable generation technologiesand less aggregation of DER.

5. (New) No interconnector development (NolC) & used the same assumptions as the Neutral scenario,
with no uncommitted interconnector developments. Refer to Section5.2.2for details.

All scenaios were assessed using two sets of generation capital costs, as described in Sect@2.3

36 At https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2018/West&fistoria- Renewable
Integration-RIFT-PADR.PDF

37 At https://www.energynetworks.com.au/sites/default/files/ena_ritt_handbook_15_march_2019.pdf

38 More detail on 2018 ISP scenario settings is in Section 2.7 of the 2018 ISMtat://www.aemo.com.au/Electricity/Nationak Electridty-Market-
NEM/Planning-and-forecasting/Integrated- System Plan
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The scenarios assumed the followingnarket and policy settings:

1 Emissions trajectories 0 reduce emissions to 28% on 2005 levels by 2030.
1 VRETO an expanded VRET target, as described in Secti&n2.8

1 Queensland Renewable Energy Target (QRET)d 50% renewables by 2030.

5.1.3 Demand

The PADR modelling was carried out based otthe 2017Electricity Statement of OpportunitiesESOQ
demand forecass, consistent with the 2018 ISF2018 ESOO demand forecasts have since been published,
showing stronger projected demand growth than the previous forecasts®.

The Victorian Go v e r n nBelar Hdimes packagewas announced in August 2018, after modelling for the
2018 ESOO was completedAEMO considers thatthe impact of this program will reduce operational demand
by increasing rates of rooftop solar photovoltaic (PV) installation andeducing energy consumption from the
grid, and that continuing to use the 2017 ESOO forecash the PACRwill adequately capturethis impact on
projected demand. Figure 2comparesthe 2017 and 2018 ESOO demand forecasts.

The PACR therefore continué to use the 2017 ESOO dema forecasts in its market modelling.

Figure 2 Comparison of annual energy consumption in 2017 and 2018 ESOO forecasts
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Note: the 2018 ESOQeplaced previous Strong and Wealscenarioswith Fast change and Slow change respectivelfhe differences are
outlined in the 2018 ESOO.

Probability of Exceedance

The PACR nodelling used 50% Probability of Exceedance (BE)° projections, to reflect an expectation of
typical maximum demand conditions.Market modelling in the early stages of this RIAT using both 50% POE
and 10%POE demand tracegwhich reflect an expectation of more extreme maximum demand conditions

392017 and 2018 ESOOs agt http://www.aemo.com.au/Electricity/Nationat Electricity Market- NEM/Planning-and-forecasting/NEM- Electricity Statement
of-Opportunities.

0 Probability of exceedance (POE) means the probability, as a percentage, that a maximum demand forecast will be met or exce(der example, due to
weather conditions). For example, a 10% POE forecast is expected to be met or exceeded, on average, only one year in 1@nsiders more extreme
weather (also called 4in-10-year conditions) than a 50% POE forecast, which is expecteadl he met or exceeded, on average, one year in two.
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driven by variations in weather condition$ showed there was an immaterial impact on net market benefits.
Therefore, all additional market modellingfor the PACRwas carried out using 50%POEdemand traces only.

5.1.4 Market modelling methodology

AEMO uses market dispatch modelling to estimate the market benefits associated with credible options. This
isdone by comparing the O6state pnbdbtbhhegWochdé)iwithetbas
worl déd with each credible option in place.

The 6state of t h ereasopnablé ahdconsistendescsiption bfitha NEMyout@mes expected
in each case, and includes the type, quantity, and timing of fute generation, storage, and transmission
investment, as well as the market dispatch outcomes over the modelling period.

AEMO maintains four mutuallyinteracting planning models, shown inFigure 3 These models incorporate the
assumptions about future development described by the scenarigand simulate the operation of energy
networks to determine a reasonable view as to how those networks may developnder different demand,
technology, policy, and environmental conditions.

Figure 3 Market modelling process
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This PACR primarily used two of these marketmodels for its analysis

i Capacity Outlook Model & determines the most costefficient long-term trajectory of generator and
transmission investments and retirements to maintain power system reliability. Two variants exist and were
used in the analysis:

0 Long-Term Integrated Model (IM) 8 co-optimised model which considers interdependencies
between gas and electricity markets to determine optimal thermal generation investments, retirements,
transmission and pipeline investment plans, over the longest time horizon (25 years or beyond).

0 Detailed Long-Term (DLT)Model & co-optimised model of the electricity system in isolation to the
gas market, optimising new generation investments and sulsegional transmission developments,
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using inter-regional transmission and other longlived thermal generation development decisions
produced by the IM capacity outlook model. The DLT model is a more granular capacity outlook
approach that provides chronological, detailed representations of the long term via a mukstep solve,
thus with reduced foresight relative to the IM

i1 Time-Sequential Model 9 carries out an hourly simulation of generation dispatch and regional demand
while considering various power system limitations, generator forced outages, variable generation
availability, and bidding models. This model validatemsights on power system reliability, available
generation reserves, emerging network limitations, and other operational concerns. Depending on the
study this model is used for, the generation and transmission outlook from the capacity outlook model
may be incorporated.

The PACR also used théetwork Development Outlook Model in Figure 3. Thisis a PSS/&' model used to
examine the engineering parameters of the identified need and the credible options.

The GasSupply Model in Figure 3is used primarily in the Gas Statement of Opportunities GSOQ*, and was
not used in PACRstudies.

Capacity outlook model

beastcost 6 mar ket devel opment model | RIFTgTheweascosimalledis t a k e n

orientated towards minimising the cost ofmeeting customer demand, while meeting minimum reserve levels.

The model can select between different generaon types, as well as different generation connection zones,
based on resource availability and transmission network capacityhe leastcost market development model
used was the PLEXG® long-term optimisation model.

Do Nothing capacity outlook model

A capacity outlook model was developed assuming no futurgransmission networkinvestments in Western
Victoria, to represent the O6state of Neawhgenerationr | d o6
connectionswere limited in the Western Victoria REZ ad the Murray River REZdue to existing thermal
limitations in the transmission network.Generation expansion in other parts of Victoria and the rest of the
NEM could proceed based on leastcost modelling.

The outcome of this model is different from the ISP, whicltonsidered transmission augmentations inthe
Western Victoriaand Murray River REZs, if economic

Augmentation option capacity outlook model

This modelidentified an economic level of generationand transmission expansion the Western Victoria REZ,
to represent the o6state of the worl dd with networKk

expansion in Western Victoria = capital cost for new generation + penalty price for develdpg new
transmission infrastructure). Generation expansion in other parts of Victoria and the rest of the NEdduld
proceed based on leastcost modelling. This model is applicable tdooth Options B3 and C2

Time-sequential model

Following capacity outlookmodelling, time-sequential modédling wasapplied to assess the differences in
market benefits for eachof Options B3 and C2

The time-sequential modelling aims to dispatch the leastcost generation to meet customer demand,
mandatory service standard, andthe various carbon abatement targets that have been assumed, while
remaining within the technical parameters of the electricity transmission network.

Detailed market modelling was undertaken with the PLEX@@S5 short-term dispatch model.

4L For a description of the software, sedttps://www.siemens.com/global/en/home/products/energy/services/transmissiondistribution-smart
grid/consulting-and- planning/pss- software/pss-e.html.

42 At https://www.aemo.com.au/Gas/Nationalplanning-and-forecasting/Gas Statement of-Opportunities.
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Model parameters

1 Generation and interconnector expansion plans were obtained from theapacity outlook model
described above.

1 Generator reliability, technicaland financial settings were obtained from the 2018 ISP assumptions
workbook*3, except where assumption changes @& noted in Section5.2.

1 Generation and demand side resourcesvere dispatched to meet load in order from lowest to highest
short-run marginal cost.

1 Transmission network parameters included in the modelling are described in Sectidh.1.5

1 An improvement to coal generation dispatch is described in Sectio’.2.9

Model outp uts

This model produced an hourly pricing and dispatch solution for generation, which was used to calculate
operational benefits (reduction in fuel and operation and maintenance costs). Thedgenefits primarily stem
from reduced curtailment of renewable generation output.

5.1.5 Transmission network parameters

Constraint equations and dynamic rating traces are two key inputs to the timeequential model.

Constraint equations

Constraint equations are amathematical representationof transmission network parametes that AEMO uses
to manage power system limitations generation dispatch, andfrequency control ancillary servicesRCAS
requirements.

Thermal constraint equations were built for each augmentation option described in Sectiol under system
normal and contingency [(N-0)* and (N-1)°] conditions for all transmissionplant in the study area with a
voltage level of 220 kV and above. Constraint equations were validated againssults of power system
simulation studies underdifferent demand, interconnector, and generation dispatch scenarios.

Constraint equations for networkstability limitations, and thermal capacity limitationsoutside of the study
area were obtained from the2018ISPS.

In general, the following types of constraints were considered:

1 Thermal capacity d for managing the power flow on a transmission element sat does not exceed a
rating (either continuous or short term) under normal conditions or following a credible contingency’.

1 Voltage stability & for managing transmission voltages and reactive power margin so they remain at
acceptable levels after a credile contingency.

1 Transient stability o for managing network flows to ensure the continued synchronism of all generators
on the power system following a credible contingency.

i Oscillatory stability & for managing network flows to ensure the damping of power system oscillations is
adequate under system normal and following a credible contingency.

43 At https://www.aemo.com.aut/media/Files/Electricity/NEM/Planning_and_Forecasting/ISP/2018/20i@egrated- System Plan- Modelling-
Assumptions.xlsx
44 Steady state operating condition with the power system in a secure operating state.

45 The unexpected disconnection of one operating generating unit, or the unexpected disconnection of one major item of traamission plant (such as
transmission line, transformer or reactive plant).

462018 ISP modelling database, dtttps://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning-and-forecasting/Integrated-Systent
Plan/ISRdatabase

47 The unexpected disconnection of one operating generating unit, or the unexpected disconnection of one major item of transmigs plant (such as
transmission line, transformer or reactive plant).
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SeeAEMOGs Constraint P8dor movelinfotmatiomon éuostraineequatiores SFCAS
constraints were not modelled in this RITT, since they are not expected to materially impact market benefits
(refer to Section6.1.%for further details).

Dynamic ratings traces

Dynamic transmission line ratings were modelled for critical transmission lines in Victoria, using thermal rating
traces, which were developed using a 20145 reference year ambient temperature trace. Some transmission
lines are limied by substation equipment, or their protection settings. AEMO used Eminute short-term

ratings for contingency constraint equations.

5.1.6 Fuel costs

The PACRime-sequential modellinguses the same fuel costs as the 2018 ISP and the PABRsensitivity on
updated fuel costs is discussed in Sectiob.2.4

5.2  Assumptions that have been updated from the PADR

In early 2019, AEMO published a Consultation Pa@to seek stakeholder feedback on the scenarios, inputs,
assumptonsand met hodol ogy for AEMO®ds collection of Forecas
assumptions have been updatecbased on the stakeholder submissions described in Sectiof, or based on

new information that AEMO obtained through its consultation paper.

5.2.1 Analysis period

The RITT analysisncludesthe period 2020-21 to 2038-34. The modelling period selected extenddOyears
past the implementation of the relevantoption and assesses the expanded VRET targf 50% renewable
generation by 2030. The market dispatch benefits calculated for the final year of the modelling pedd were
extended to the end of therelevanto pt i on 0 s aassumdd tolbe ifdeEative afthd annual market
dispatch benefit that would continue to arise under that option in the future.

Terminal value&® have been used to capture the remaining assdife of the options and other investments in
generation plant. Table 7 shows the asset life assumptions used.

Table 7 Asset life of generation and  PACR options

Asetlfe (yearS)

Wind 20
Solar PV 30
Batteries 15
Gaso Open Cycle Gas Turbine (OCGT) 30
Gaso Closed Cycle Gas TurbineQCGY) 30
Pumped Hydro 30
Option B3 50
Option C2 50

48 At http://www.aemo.com.au/-/media/Files/Electricity/NEM/Security _and_Reliability/Congestiemformation/2016/Constraint_Formulation_Guidelines
v10_1.pdf

49 At https://www.aemo.com.auk/media/Files/Electricity/NEM/Planning_and_Forecasting/Inputssumptions Methodologies/2019/2019Planning-and-
Forecasting Consultation-Paper.pdf

50 The value ofan asset at the end of the modelled horizon.
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5.2.2 New scenarios and sensitivities

New scenarios and sensitiwt studieswere added to PACR assessments to address stakeholder submissions.

New scenarios

The No interconnector development (NolC)scenario assume that the New South Wales to Queensland,
Victoria to New South Walesand South Australia to New South Wales interconnects described in
Section5.2.7do not come into service.

Additional sensitivities

In addition to the base assumptions described above, this RIT used sensitivity studies to examine key risks
to market benefits. This is essential, given the need to plan and recommend investment in an industry in
transition, where there is a level of inherent uncertainty. The description and purpose of each sensitivitiudy
is described inTable 8below.

_|
)
(=
)
[e2]

Sensitivity studies in this PACR

Project cost +30% (same as PADR)

Discount rate +4% and -3% (PADR considered: 3%).
Scenario weightings As described in Sectiorb.2.5

Kerang Link timing + 5 years(from the 2018 ISP timing of 2035)
Capital cost of new generation As described in Sectiorb.2.3

Generation fuel cost As described in Sectiorb.2.4

Extend option In response tostakeholder feedback a sensitivity to Option C2 was tested, where the new
220 kV double circuit transmission line is extended from Bulgana to Horsham to MurraWarra

5.2.3 Capital costs for generation development

Two sets of generation capital costs were applied

These werebased onthe Commonwealth Scientific and Industrial Research Organisatiénglobal and Local
Learning Model (CSIROGALLMb ui | d cost projecti ondsl9PEMidgapdu bl i shed
Forecasting Consultation Papét.

The build costs aredependent on global technology deployment, and are named "4degrees" and
"2-degrees" based on global climate policy goals. Further details on projections of electricity generation
technology costs are available on the CSIRO websfte The 4-degrees capital costawere given a 70%
weighting, and the 2-degrees capital costswere given a 30% weighting(see Section5.2.5.

5.2.4 Fuel costs

The 2019 Planning and Forecasting Consultation Paper identified updated fuel costs, which are compared to
the 2018 ISP fuel costa Figure 4and Figure 5

51 At https://www.aemo.mm.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/InputAssumptions Methodologies/2019/2019 Planning-and-
Forecasting Consultation-Paper.pdf

52 At https://pub lications.csiro.au/rpr/download?pid=csiro:EP189502&dsid=DS1
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The comparison shows that:
1 Black and brown coal price forecastare higher overall, but black coal has a larger increase.
i Gas price forecasts are lower between 2012025, but higher from 2026 35

The change in fuel cost is not expected to impact the generation dispatch outcomes of this RIT, because it
does not changethe merit order of generation, and renewable generation and brown coal are still expected
to be dispatched before other forms of generation in the NEM $uch asgas and black coal).

If the PACR timesequential modelling incorporated the 2019 fuel costs desibed in this section, net market
benefits would be expected to increase, because:

1 Renewable generation has a fuel cost of zero, and the fuel cost of Victorian brown coal is not forecast to
increase by much, relative to other generation fuel sources. Thefore, the difference between the fuel
cost of renewable generation, and Victorian brown coal versus other sources of generation, would have
increased, and also increased the fuel cost savings.

1 In2020-27, the options assessed in the PACR have a higherelicost compared to the Do Nothing option
(Refer to Section6.3 for details). The projected increase in coal prices would worsen the increase in

generation costs, butthe projected decrease in gas prices would provide fuel cost savings. The overall
changes are expected to even out, and will not change the preferred option, or the PACR conclusion.

The overall outcome of the changes in fuel cost is that the net market énefits of both Options B3 and C2will
increase, but there is no expected impact on the ranking of the options.

Figure 4  Comparing fuel cost of coal, Neutral scenario

At f‘y ‘o ’\ ny q’\':
o ¥V o WV T TP P P
Sy v v % v v v v 3\ Vv {v ) P el P
NGNS SN I NP IR A VA VR G RS AN

0.14

0.12

0.1

=]

0.0

[+5]

0.0

S/GJ, 2019dollars
[=)]

0.0

=

0.0

2]

M Black Coal NSW  mBlack Coal QLD  ® Brown Coal VIC

© AEMO 2019| Western Victoria Renewable IntegratioiPACR 34



Figure 5 Comparing fuel cost of gas, Neutral scenario
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525 Weightings applied to each scenario

Four separate weightingswere applied to the reasonable scenarios to test if different weightings have an
impact on the preferred option. The ordering of optionsdid notchange.0 4l e g 6 adnedg 602 n t he t abl
below refers to the 4-degrees and 2degrees capitil costs described in Sectiorb.2.3

Table 9 Weightings applied to reasonable scenarios

Scenario
weightings

Neutral 4-deg
Neutral+
Slowchange
Fastchange
Neutral+
Slowchange
Fastchange

Scenario weighting A 14%
8 all equal

14% 14% 14% 6%

Scenario weighting B 21% 21% 9% 9% 9% 9% 9% 4% 4% 4%
0 60 % Neutral

Scenario weighting C 7% 7% 42% 7% 7% 3% 3% 18% 3% 3%
0 60% Slow c hange

Scenario weig 7% 7% 7% 42% 7% 3% 3% 3% 18% 3%
0 60% Fastchange

5.2.6 Improvement to Victoria to New South Wales interconnector limits

AEMO studiad the impact of the proposed options on the Victoria to New South Walestransient and voltage
stability limits, under periods of high Victoria to New South Walesexport. Multiple high export snapshots
representing a variety of different network operating conditions were used for this study. The study was
carried out using PSS/e dynamic simulations.
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In general, the following stepswere taken:
1 The study casesvere modified to represent the Do Nothing scenario, and each option.

1 Victoria to New South Wales exporwas progressvely increased in the study casegp find the limit where
the casesbecame unstable, based on the criteria described in thenext sections

1 The maximum stable transfer limitvasrecorded for:
0 Do Nothing.
0 Option B3.
0 Option C2.

Transient stability limit

For this purpose, astudy case is considered unstable if one of théollowing criteria is met:

1 More than four machine rotor angles deviate greater thanl60degrees

1 Rotor angle deviation spread between all machinegreater than 360 degrees

i Standard deviation of angle deviation spreadess than or equal to 3degrees for a duration of 2 seconds
1

Out-of-step conditions detected

Voltage stability limit

NER S5.1.8tates that the reactive power margin (expressed as a capacitive reactive powjer MVAr]) must
not be less than one percent of the maximum fault level (in MVA) at any connection point.

For this purpose, astudy case is considered stablef ithe following criteria are met:

1 The minimum reactive power marginat every monitored bus is maintined.

i1 The pre-contingent and post-contingent minimum voltage at every monitored busis within
operating limits.

Improvement on interconnector export limit

Table 10shows the improvement in Victoria to New South Wales export limit that has been assumed in
market modelling, under both Option B3 and Option C2, and based on the assessment described above

Table 10  Improvementto Victoria to New South Wales interconnector export limit

Constraint description Option B3 MW Option C2 MW
improvement improvement

Prevent transient instability fora fault and trip of the Hazelwood to South 115 170
Morang 500 kVtransmission line.

Avoid voltage collapse around Murray for loss of alPortland Aluminium - 122
Smelter potlines.

Note: the increaseto interconnector export capability assumesthat Option B3 or Option C2 (as applicable)a new South Australia to New
South Wale interconnector,a new South Morang 500/330 kV transformer and uprating of the South Morang Dederang 330 kV and the
Canberrad Upper Tumut 330 kV linesare in service

5.2.7 Interconnector development

Thetiming of the new South Australia to New South Wales interconnectotogether with an augmentation
from Buronga to Red Cliffs has beenupdated based onE | e ¢ t r a N%for&he SoBRtAALRralian Energy
Transformation RIFT.

53 At https://www.electranet.com.au/wp content/uploads/projects/2016/11/SAEnergy Transformation PACR. pdf
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The timings for other interconnector developments have been updatedbased onRITTs that are in progress
or have beencompleted, or based on the 2018 ISP modelling outcomes

The interconnector capacities inTable 1lare based on worst-case transfer limits at times of peak demand
in the receivingregion, and are used in capacity expansion modellingTime-sequential modelling uses
higher thermal limits combined with constraint equations to better capture networkconditions impacting
flow capability.

Table 11  Interconnector developments assumed in this PA CR

Interconnector Capacity, MW, forward direction Capacity, MW, reverse direction

NSW6QLD 2022-23 770 (increase of 460) 1,215 (increase of 190

NSWeQLD 2023-24 770 (increase of 460) 1,593 (increase of 568)
VICONSW 2034-35 2,800 (increase of 2,100, 2,200 (increase of 1,800,

SASNSW 2022-23 750 750

5.2.8 Government policy assumptions

The PADR modelled the legislated VRET target of 25% renewable energy by 2020 and 40% renewable energy
by 2025.In responseto submissions receivedrom several stakeholdersthis PACRhas incorporatedan
anticipated change to the legislated target 0f50% renewable energy by 2036*.

5.2.9 Generation time -sequential modelling

AEMOO®& s P Adedvuential rmodelling set minimum generation levels for brown coal generation in
Victoria, which will constraineach generating unit on at its minimum stable output.

The PACRime-sequential modelallowed three brown coal generation units toturn off, if economic. This
means only seven brown coal generation units may be dispatched during periods of low demana@nd better
reflects actual market operating conditions based on exsting brown coal generation dispatch

5.2.10 Generation expansion

Generation expansion, including the development of new generation and the closure of existing generation,
was obtained from the capacity outlook model described in Sectiorb.1.4 for each reasonable scenario.

The PACR considersammitted generation up to 21 January 2019, and aslisted in AppendixA2. The
changes in assumptions described in SectioB.2 are applied. These changes have pimarily increased the
development of renewable generation in Victoriato meet the expanded VRET target

Modelled generation by its annual MW capacity and annual generationoutput s avai |l abl e on AEMC
website®.

5.2.11 Costestimate of construction outages

The costestimatesof construction outages used in this PACR assessment are described below.

“For information on Vict or itEt@swwwenerwwe.bol.au/remawebleengrgylvietarias-eshesvable-energy-targets.
% The PADR included committed generation up to July 2018.

56 At https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.
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Option B3

The implementation of this option is largely greenfield for theBulgana to Ballarat 220 kV double circuit
transmission linesection. However retiring the existing Ballarat to Moorabool 220 kV No. kircuit, to allow
the existing easement to be reused for a new double circuit line would involve significant outages

The cost ofconstruction outages (refer to Table 13 wasassessed assuming:
i1 Atotal of 1,600 outagehours over three yearsfor:

0 Greenfield construction between Bulgana to Ballaratdue to possible close proximity to the existing
Bulgana b Ballarat 220 kV single circuit transmission line.

0 Works atBulgana, WaubraBallarat,Elaine, and Mooraboolterminal stationsfor transmission line
connection and protection setting upgrades.

0 Rebuild of the Ballarat to Moorabool No. 1 circuit which accounts for rebuilding a portion of the
towers in-situ, and time required to reconstruct towers and install new conductos and fittings.

i Half of the generation upstream of Ballaratin Western Victoria areais assumed to be constrained off
during these outages.

i The cost ofconstruction outages is the difference between the modelled generation cost and the
generation cost in the Do Nothing base case. This outage cost is assumed to represent the cost to
the market from losing access to cheaper generationaurces, that is replaced with more
expensivegeneration.

Table 12 Outage cost for Option B3

2021 276

2022 3.33

2023 4.09

Present value cost 8.49
Option C2

The implementation of this option is largely greenfield for theBulgana to North Ballarat to Sydenham double
circuit transmission lines. However,outages are required foraugmentation of the switchyard within Ballarat
Terminal Station,reconnection of the Ballarat to Bendigo 220 kV transmission line to North Ballarat Terminal
Station, and reconfiguration of the switchyardat Sydenham Terminal StationThe outages required for
Sydenham Terminal Station works may result isignificant generation constraints.Efforts will be made to
minimise the impacts of these outages wherever possibldyy scheduling them during periods of low demand.

The cost ofconstruction outages (refer to Table 13 wasassessed assuming:
1 A total of 370 outage hours over three yearsfor:

0 Greenfield construction between Bulgana to North Ballargtdue to possible close proximity to the
existing Bulgana toNorth Ballarat 220 kV single circuit transmission line.

Works at Bulgana Waubra, Ballarat, Elaine, Bendigand Sydenhamterminal stations

0 Connection of the Ballarat to North Ballarato Bendigo 220 kV single circuit transmission line (currently
the Ballarat to Bendigo single circuit transmission line).

i Half of the generation upstream of Ballarat in WesterVictoria area isassumed to be constrained off
during these outages.

© AEMO 2019| Western Victoria Renewable IntegratiolPACR 38



1 The cost ofconstruction outages is the difference between the modelled generation cost and the
generation cost in the Do Nothing base caseThis outage cost is assumed to represent theost to
the market from losing access to cheaper generation sourceshat is replaced with more
expensivegeneration.

1 In addition to the outages above, connection of the North Ballarat to Sydenham 500 kV double circuit
transmission linesin 2024 is expeded to result in short-term generation constraints while several 500 kV
transmission lines are out of service during construction.

o0 During this outage, AEMO assumes that thdocal gas generation in Western Victorias constrained
on and will displace cheagr coal generation from the Latrobe Valley, resulting in gotential
market impact.

Table 13  Outage cost for Option C2

2022 0.75
2023 0.92
2024 188
Present value cost 2.75

5.2.12 Capital c ost estimate s

The cost of each option was estimated by obtaining quotes from three different vendors, and AusNet
Services, for transmission line works, which are the main cost component.

In addition, AusNet Services provided coséstimates for:
1 Contracts (subcontracting).

1 Administration and overheads.

i1 Project management.

9 Division of costs between capital expenditure and operating expenditure.
9 All station upgrade works, including:

0 Plant and equipment.

o0 Civils.

0 Internal labour.

Capital expenditure for cost estimées have been further considered in the PACR and have an accuracy of
+30%. Operational expenditure has also been further considered.

Table 14showsthe estimated capitalcosts for the options assessed in the PACReceived from different
parties. The average cost has been applied for cost benefit assessmeniBhe cost ofconstruction outages
described in Section5.2.1Xkhould be addedto the capital costs in the table.

The final cost of the preferred option will be obtained through a competitive tender process, as described in
Section7.3.
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Table 14  Capital ¢ ost estimates of each option from different parties

Option Average capital Capital cost Capital cost
cost ($M, 0 AusNet d Vendor A
nominal , used in Services estimate
NPV calculations) estimate ($M,

($M, nominal )
nominal )

Option B3

Option C2 o
220 kv
component

Option C2 o8
500 kV
component and
new terminal
station
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estimate
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Capital cost
0 Vendor C
estimate
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nominal)

Operating costs
(as a
percentage of
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6. Market benefits

The market benefits assessment in this PAGRs been updated, based on new information
and matters raised in stakeholder submissions.

The preferred option is Option C2, unchanged from the PADR

1 Option C2 has the hghest projected net market benefitsacross allscenarios and
sensitivitiesassessedn this PACR.

1 The market benefits are mainly due to savings in fuel and capital costs, facilitating future
transmission expansion, and improvement to interconnector stability limits.

The market benefits forOption B3 and Option C2have increased since thgublication of
the PADR.

6.1 Classes of market benefits not expected to be material

PADRSection 6.lidentified classes of market benefits that were not expected to be material to this RIT.
A class of market benefit is considered immaterial if either:
1 Theclass isunlikely to materially affect the assessment outcome of the credible options for this RIT, or

1 The estimated cost of undertaking the analysis to quantify market benefits of the clasgill be
disproportionate to the scale, size, and potential benéts of the credible options being considered.

The classes of market benefits that arstill considered immaterial are:

1 Changes in ancillary services cos8AEMO has assessed if the options will impact ancillary service costs
and concluded thatthere isno expected change to the costs of FCAS, Network Control Ancillary Services
(NCAS), or System Restart Ancillary Services (SRAS) because of the options being considered. These costs
are therefore not material to the outcome of the RIFT assessmentSeeSedion 6.1.%or more information.

1 Changes in voluntary/involuntary load curtailmentd this RIFT is driven by new generation connections
and there isno expected change to voluntary or involuntary load curtailment because of the options
being considered.

1 Competition benefits d competition in Victoria is expected to increase over the modelling period, as more
generation enters the market. Howeverthere are no material competition benefits expected as a result of
augmentations proposed by thisRITT, because Victoria currently has multiple different generation service
providers and is connected to the NEM via three interconnectorsAlthough some of the options
consideredin this RIFT help to improve interconnector limits, they are unlikely to impactcompetition
benefits in other states.

1 Negative of any penalty for not meeting the renewable energy targe® the 2030 VRET target of at least
50% renewalle generation by 2030 was met in the Do Nothing case for allreasonablescenarios.
Therefore, this class of market benefit is not material to the PER.

f Changes in network losse® market modelling shows that network losses increase over tinié however
this is largely due to renewable generation development in remote areaghe options consideredin this
PACR will have a similar impact on losses, and this will not change the outcome of the preferred option.

57 Losses are the difference between the total generation and total demand.
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6.1.1 Changes in ancillary services cost s

In response to stakeholder submissionAEMO re-assessedvhether Options B3 and C2(referred to as the
options in this section)would result in an increasein ancillary services cost The following sections
demonstrate that the options will not materially change ancillary service costs, compared to thBo Nothing
scenario.

All modell ed generation outp@ts are available on AEMOGZ

Voltage control ancillary service (VCAS)

Under low demand conditions, overvoltages can occur in Victoria following a cedible contingency. The
options have allowed for sufficient reactive compensation to prevent further voltage overloads, and therefore
should not have an impact on VCAS costs.

System restart ancillary service (SRAS)

SRAS isnistorically provided by gas, hydro,andcoalgener ati on in the NEM. AEMOG6s m
that the options will not decrease the number of generators that can provide SRAS, anday increasethe

number of generators providing SRAS by enabling more generation connectionhe options aretherefore

not expected to materially increase SRAS costs.

Frequency control ancillary service (FCAS)

FCAS requirements can increase if there is a |large inc
modelling shows that the optionsdo not materially increase FCAS costbecause tte level of intermittent
generation modelled is limited to that required to meet the VRETThe VRET is met in all scenarios.

Fault level shortfalls

Fault level shortfalls could occur with an increase in invertezonnected generation and a decrease in
synchronous generationAEMO&6 s mar ket mo dhebgtiannage projéctedvs slightty mdrease
the output of synchronous generation in Victorig so should not increase the risk of fault level shortfalls,
compared to the Do Nothing option.

6.2 Quantification of classes of material market benefit  sfor
each option

The classes of market benefits that are material in the case of this RTTare:

1 Changes in fuel consumption arising through different patterns of geneation dispatch.

I Changes in cost to parties other than thetransmission network service provider{NSB, due to:
o0 Differences in the timing of the installation of new plant.
0 Differences in capital costs of different plant.
0 Differences in the operationaland maintenance costs of different plant.

i Differences in the timing of transmission investment

1 Additional option value 0 this PACR assessed option value benefits usiige additional scenariosand
sensitivities described in Sectiorb.2.2 Option value benefits are not separately itemised

The main market benefits of eactof Options B3 and C2are described in Sectiorn6.3.1and 6.3.2

58 At https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.
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6.2.1 Changes in fuel consumption

AEMO calcuaited the difference in total generation costs between the Do Nothing base case and cases with
each of Options B3 and C2in place. If cases with the option in place have a lower total generation cost than
the Do Nothing case, then the market benefit is pogive.

Generation costs include fuel consumption cost, variable operation and maintenance cost, and any emissions

costs. Generation costs are calculated for the entire NEM and will therefore capture benefits to states other

than Victoria.Refertoo Markkeertef i t s cal cul at i%forthébreakiowA & & éost we bsi t e
savings by each state and for each year.

The PLEXOS® model is optimised to always identify the leasbst generation dispatch.

6.2.2 Changes in costs for other parties

0 Ot her pthercontex af this analysis refers to costs incurred by market participarfisdue to:

9 Differences in the timing ofthe installation of new generation where the deferral of capital investments is
a positive market benefit.

9 Differences inthe capital cost of generation investment where reducing costs is a positive market benefit.

AEMO modelled the leastcost generation expansion required to meet customer demand under various
scenarios, using the Capacity outlook model described in Sectioh.1.4 The modelling showed that
transmission network augmentations in Victoria tended to result in a lowecost generation expansion plan,
due to:

1 Deferral of new generation capacity built.
1 Reducing the totalmegawatt capacity of new generation built.

The difference between capital costs under the Do Nothing base case and the option cases represents the

market benefits of the studied option. Capital cost savings arealculated for the entire NEM and will

therefore capture benefits to states other than VictoriaRefertoo Mar ket benefi ts calcul ati
website® for further information on the capital cost savings identified in this P&R.

6.2.3 Differences in the tim ing of transmission investment

A E M O2DE3ISP identified that transmission augmentation from Sydenham to Ballarat to Kerang to
Darlington Point in New South Wales will be required by 2035. Part of this augmentation is within the study
area of this RITT. Therefore,n meeting the identified need of this RIFT, Option C2in this RIFT takes into
accountthe benefits of reducing the future cost ofKerangLink compared to Option B3.

6.2.4 System strength improvements

All the new transmission lines proposed in this RFT will increase fault levels at thedrminal stations they are
connecting to, and therefore increase system strength. These benefiteve not been quantified for the
purposes ofthe RITFT.

6.3 Net market benefit assessment

Refertoo Ma r Herefitsc al cul ati ons 6 & for nét avk@tdenefits ender eatheassessed
scenario andsensitivity.

59 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.
60 parties other than AEMO in its capacity as one of the Victorian TNSPs, or Ausigatrvices.

51 At https://www.aemo.com.au/Electricity/Nationa Electricity-Market- NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.

62 At https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.
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The minor augmentations identifiedin Section3.1are applied to the Do Nothing base cases.

Changes in net market benefits from the PADR

The market benefits for both options haveincreasedsince the publication of the PADRdue to fuel cost
savings increases:

1 More renewablegeneration has become committed, resultingin some reduction of capital deferral
benefits, but a larger increase in fuel cost savings

1 Compared to the Do Nothing option, Options B3 and C2will increase theVictoria to New South Wales
interconnector export limit, resulting inadditional fuel cost savings in New South Wales anQueensland.

1 Compared to the PADRmore Victorian coal generation is displacedy renewable generation because
coal generation units canturn off, if economic.
Sensitivity studies

Table 15shows the net market benefits of both Option B3 and Option C2 under various sensitivitieghich
reduce the market benefits of these options. The full list of sensitivitieis discussed in Sectiorb.2.2 Scenario
weightings from Section5.2.5have been applied.

The preferred option is Option C2 because:
9 It maximises net market benefitaunder all assessed scenarios and sensitivities, and

1 Its net market benefits are always positive.

Table 15  Weighted net market benefits for each augm entation option

Scenario weightings Equal weighting 60% Neutral 60% Slow change 60% Fast change
Sensitivities Benefit ($M) Benefit ($M) Benefit ($M) Benefit ($M)
196 157 334

247

OJ0iLN=EEN Base assumptions

Discount rate 10% 63 40 29 91
Costx 1.3 174 123 84 261
KerangLink 2040 247 196 157 334
O]0iNOZAN Base assumptions 301 257 214 418
Discount rate 10% 75 56 45 116
Costx 1.3 229 187 145 349
KerangLink 2040 272 226 181 385

6.3.1 Analysis of Option B3

This section analyses the net marketenefits of Option B3, using results obtained from the Neutral scenario,

and base assumptions. The results presented are the difference between the Do Nothing market simulations

and the Option B3 market simulations. Refertcd Mar ket benef ohs AER®OG &lfondethis n 5 é
of market benefits across all scenarios and sensitivities.

63 At https://www.aemo.com.au/Electricity/National Electricty- Market- NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.
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Figure 6shows the annual gross net market benefits of Optin B3, categorised as capital deferral benefitand
fuel cost benefits. The annualised gross market benefits of this option will exceed its annualised investment
cost from 2023.

Fuel cost savings are negative before Option B3 is implemented, due to projead constraints on committed
renewable generation, and because the Do Nothing scenario results in more renewable generation in
Victoria. Fuel cost savings grow as demand increases, and become positive after 2028.

There are @pital savings before implemenation of Option B3, because generatobehaviouris expected to
change following knowledge of a proposed augmentation.

The mar ket benefits from 2034 are extended to the end
figures up to 2040.

Figure 6 Gross market benefits and annualised costs of Option B3, Neutral scenario
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Figure 7shows the projected difference in generation dispatch, for the Do Nothing and Option B3 market
simulations, in 2034. A positive number indicates that generation has increased when Option B3aigplied
and a negative number indicates that generation has decreased.

Figure 7 Impact on generation dispatch of Option B3 , 2033-34
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The fuel cost savings are primarily from displacing black @ generation in New South Wales and
Queensland, and displacing gagieneration in New South Wales, Queenslandand South Australia. Brown
coal generation in Victoria increases after the preferred option is applied, because of higher exports after the
increase in Victorian export capacity.

Figure 8shows the projected decrease in curtailment of renewable generation in Victoria. The augmentation
primarily enables more wind generation.

Figure 8 Reduction in curtailment of renew  able generation , Option B3
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Figure 9shows the projected fuel cost savings of Option B3, under different reasonable scenarios. The fuel
cost savings for the Fast change and NolC scenarios are higher than other scenarios

1 Under the NolC scenarig because more local gas generation is projected to be displaced

1 Under the Fast change scenaripdue to increased demand.

Figure 9 Fuel cost saving benefits across all scenarios, Option B3
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NeutralWS is the Neutral with storage scenario.
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The marke benefits of Option B3 aiise primarily from reducing constraints in the Western Victoria REZ, and
improving the Victoria to New South Wales stability limit. This option is projected to increase overloads on

the Moorabool to Geelong to Keilor transmissionline, and these overloads are expected to be further

increased if market modelling was carried out using 10% PQfemand trace$*. RefertoAEMOGs WRferbsi t e
constraint binding hours for different options and scenarios.

6.3.2 Analysis of Option C2

This secti analyses the net market benefits on Option C2, using results obtained from the Neutral scenario

and base assumptions. The results presented are the difference between the Do Nothing market simulations

and the Option C2 market simulations. Refert@ Mat kbenef it s cal cul at®foodetsil6 on AE
of market benefits across all scenarios and sensitivities.

Figure 10shows the annual gross Bt market benefits of Option C2, categorised as capital deferral benefits,
fuel cost benefits, and changes tahe timing of transmission network investment benefits.

Figure 10  Gross market benefits and annualised costs of Option C2 , Neutral scenario
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The annualised gross market benefits of this option will exceed its annualised investment cost from 2023. Fuel
cost savings are negative before theption is implemented, due to projected constraints on committed
renewable generation, and because the Do Nthing scenario results in more renewable generation in

Victoria. Fuel cost savings grow with demand, and become positive after 2028.

There are @pital savings before implementationof Option C2, because generatotbehaviour is expected to
change following knowledge of a proposed augmentation. The market benefits from 2034 are extended to
the end of the assetds engineering |ife, and are showr

Figure 11shows the projected difference in generation dispatch, for the Do Nothing and Option C2 market
simulations, in 203334. A positive number indicates that generation has increased when Option C2 is applied
and a negative number indcates that generation has decreased.

64 Refer to Section5.1.3on the demand traces used in market modelling.

55 At https://www.aemo.com.au/Bectricity/National- Electricity Market- NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.

66 At https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.

© AEMO 2019| Western Victoria Renewable IntegratioiPACR 47


https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Victorian-transmission-network-service-provider-role/RITT/Reports-and-project-updates
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Victorian-transmission-network-service-provider-role/RITT/Reports-and-project-updates
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Victorian-transmission-network-service-provider-role/RITT/Reports-and-project-updates
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Victorian-transmission-network-service-provider-role/RITT/Reports-and-project-updates

The projected fuel cost savings are primarily from displacing black coal generation in New South Wales and
Queensland, and displacing gas generation in New South Wales, Queensland and South Australia. Brown coal
generation in Victoria increases after the preferred option is applied, because of higher exports after the
increase in Victorian export capacity.

Figure 11  Impact on generation dispatch of Option C2, 2033 -34
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Figure 12shows the projected decrease in curtailment of renewable generation in Victoria. The augmentation
is primarily projected to enable more wind generation.

Figure 12 Reduction in curtailment of renewable ge neration , Option C2
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Figure 13shows the projected fuel cost savings of Option C2, under different reasonable scenarios. The fuel
cost savings for theFast change and NolC scenarios are projected to be higher than other scenarios

1 Under the NolC scenarig because more local gas generation is projected to be displaced

1 Under the Fast change scenaripdue to increased demand.
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Figure 13  Fuel cost saving benefits across all scenarios, Option C2
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NeutralWS is the Neutral with storage scenario.

The projected market benefits of Option C2 are primarily from reducing constraints in the Western Victoria
REZ, and improving the Victoria to New South Wales stability limiRefertoAE MO G s ¥ iercenstraime
binding hours for different options and scenarios.

6.3.3 Comparing Option B3to Option C2

9 Both options provide similar benefits to the Western Victoria REZand primarily enable more
wind generation.

1 Option C2 has thefollowing additional benefits over Option B3:
0 Option C2 does not increase overloads on the Moorabool to Geelong to Keilor transmission lines.

0 Option C2 enables a higher Victoria to New South Wales transfer capacity, which resultshigher
projected fuel cost savings.

0 Option C2 facilitatesthe future KerangLink transmission augmentationand therefore has benefits in
changing the timing for transmissioninvestment

1 Overall, Option C2 has the highest net market benefit across all tested scenarios asdnsitivities.

6.3.4 Extending Option C2

In response to stakeholder submissions, AEMO studiea sensitivity where the 220 kV double circuit
transmission lines in Option C2 are extended from Bulgant Horsham to Murra Warra.This would enable
additional generation connections in the Western Victoria REZ north of Bulgana.

This option would increase the cost of Option C2 by 85 million (present value cost)

AEMO carried out market modelling using the Neutral and Fasthange scenarics, which are expected to
provide the highest net market benefits The incremental market benefits of this option (compared to the
market benefits of Option C2)have beencompared against its incremental cost.

The results summarised in Table @, show that this sensitivity provided anegative net market benefit.

57 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning-and-forecasting/Victorian-transmissior network-service provider-
role/RITT/Reportsand-project-updates.
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Table 16  Net market benefits for extending Option C2

Option description Neutral Fast change
scenario , scenario, net

net b enefit, benefit, $M
$M

1 Implement Option C2, consisting of anew North Ballarat Terminal Station, with 2 x 1,000VA -$68M -$46M
500/220 kV transformersa new Sydenham to North Ballarat 500 kV double circuit transmission
line, and a new North Ballarat to Bulgana 220 kV double circuit transmission line

1 Construct an additional 220 kV double circuit transmission line from Bulgan& Horsham to
Murra Warra Terminal Station.

6.3.5 Timing of preferred option

Market modelling shows that the optimal timing of the major network augmentation component of the
preferred option (Option C2)is around 2023, as described in Sectior6.3.2 however this timing is considered
to be unachievable particularly considering legislative requirements for land, easements, planningnd
environmental approvals.

The expected timing for the preferred option is to deliver
1 The minor augmentations by 2021

1 The new North Ballarat terminal station and new 220 kV double circuit transmission lines from North
Ballarat to Bulganaby 2024.

1 The new 500kV double circuit transmission lines from Sydenham to North Ballaratonnecting two new
1,000 MVA 500/220 kV transformers at North Ballaraby 2025

AEMO has commenced a tender process for the design, construction, operatipand ownership of the
contestable augmentations within thepreferred option. Refer to Section7.3 for further information.
Market benefits of each stage  of preferred option

AEMO considers that thecommissioning of the 220 kV component of the major network augmentation will
alleviate the most urgentcongestion affecting existingand committed generators. However, both the 220 kV
and 500 kV augmentations are required to maximise tb net market benefitsidentified in the assessment and
reported in this PACR.

AEMO carried out additional market modelling with only theminor augmentations and 220 kV component of
the preferred option in service over the full analysis period described isection5.2.1

The modelling shows that:
1 The minor augmentations, by 2021, will deliver a net market benefits of $illion (in present value terms).

1 A new North Ballarat terminal station and new 220 kilovolt (kV) double circuit transmission lines from
North Ballarat to Bulgana, by 2024, wilbeliver net market benefits of $184 million (in present value terms).

1 New 500 kV double circuit transmission lines from Sydenham to North Ballaratonnecting two new 1,000
MVA 500/220 kV transformers at North Ballaratby 2025, willdeliver net market benefits of $L16million (in
present value terms).
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/. Conclusion

The preferred option includes the followingaugmentations:

1 Minor transmission line augmentations, including wind monitoring and upgrading
station limiting transmission plant, carried out for the Red (@ffs to Wemen to Kerang to
Bendigo, and Moorabool to Terang to Ballarat, 220 kV transmission lines.

1 Construction of a new North Ballarat Terminal Station, with 2 x 1,000 MVA 500/220 kV
transformers.

1 Connecting North Ballarat Terminal Station to the exishg Ballarat to Bendigo 220 kV
single circuit transmission line.

9 Construction of a new 500 kV double circuit line from Sydenham to North Ballarat, with
50 MVAr reactors on each end of each circuit.

1 Construction of a new 220 kV double circuit line fromNorth Ballarat to Bulgana.

1 Connecting one of the new 220 kV transmission circuits from North Ballarat to Bulgana
to the existing Waubra Terminal Station.

1 Disconnecing the existing Waubra Terminal Station from the existing Ballarat to Waubra
to Ararat 220kV transmission line.

9 Cutting in the Ballarat to Moorabool 220 kV circuit No. 2 at Elainderminal Station

This option returns the highestprojected net market benefits under all assessed scenarios
and sensitivities.The preferred option also supportsfuture efficient development of the
national transmission networkincluding a future Victoria to New South Wales
interconnector, consistent with the 2018 ISP.

7.1  Preferred option

The NER requirs the PACR to identify the preferred option under the RIFT, which should be the credible
option that maximisesnet market benefits.

The RITT analysisshowsthat Option C2 (construction of new double circuit 500kV transmission line from
Sydenham toNorth Ballarat, and a new 220 kV double circuitransmissionline from North Ballarat to Bulgana
(via Waubra)identified in Appendix A1Q together with minor transmission line upgrades inAppendix A3),
maximises net market benefits. Accordingly, together, the augmentationsomprising Option C2 constitute

the preferred option and satisfy theregulatory investment test for transmission

The preferred option is consistent with the recommendations of thdPADRand the 2018 ISPand is estimated
to deliver net market benefits of approximately $300 million (in present value terms), through significant
reductions in the capital cost and dispatch cost of generation over the longer termimproving the capacity of
the existing Victoria to New South Wales interconnector, and enabling future transmission netwoskpansion
from Victoria to New South Wales.

Thetotal capital cost used in calculating these net market benefits is estimated at $370 million , and the
gross market benefits are estimated at $670 million (in present value terms).

An upgrade to the WesternVictorian transmission network is an important element of the longterm strategic
development of the NEM, and one of the immediate priorities identified by AEMOin the 2018 ISPThe
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preferred option would relieve constraints oncommitted and existing renewable generation in the region and
help reduce the cost of electricity for consumers in the long term.

The preferred option is unlikely to have amaterial inter-network impact
For more information on the preferred option, refer to:

1 Appendix A3 for details on the minor augmentations.

1 Appendix A8 for load flow snapshots

1 Appendix A9 for projected transmission lineutilisations.

1

Appendix Al0for the high-leveltechnical characteristics of the preferred option, andingle line diagrans.

7.2  Project implementation

Thedelivery of the preferred option will include the following high-level activities
Procurement

Planning, environmental, cultural, and other approvals

Stakeholder and community engagement

Detailed route and technical design, includingassemblyof land and easements

Construction and testing.

= =2 =4 4 A -4

Long-term operation and maintenance.

AEMO willundertake the process set out in the National Electricity Law and theERto seek to procure the
contestable and noncontestable elements ofthe Project

AEMO is committed to keeping stakeholders informed of the progress ofVestern Victoria Transmission
Network Project(the Project)following the conclusion of the RIFT process. AEMO will provide further
updates in the coming months, including announcementson contracts awarded for the design, construction,
operation, and ownership of the new infrastructure (anticipated to be the end of 2019), and upcoming
stakeholder engagement activities.

Stakeholder consultation on the Project route is expected to commecre in 2020.

7.3  Procurement of transmission network augmentation

To meet the delivery datesoutlined in the PACR, AEMO has started the procurement process for the
preferred option by taking the following actions:

1 Minor augmentations 8 AEMO and AusNet Services have made a submission to taustralian Energy
Regulator AER to include the minor augmentations describedin AppendixA3i n Aus Net Servi ces
Network Capability Incentive Parameter Action PlarNCIPAB. A response is anticipatedn July 2019.

1 InJanuary 2019AEMOissueda Call for Expressions of InterestqE)®® from parties interested indesigning,
constructing, operating, and owning the contestable components of theproposed preferred option
identified in the PADR.AEMO received severaéxpressions of interesin response to the CEI.

1 AEMOhas issueda competitive closed invitation to tender to allow selected CEI respondents to
commence their consideration ofthe contestable components of thepreferred option, subject to
completion of the RITT process AEMO has also issued requests for offer to the incumbent TNSPs to
commence their consideation of the non-contestable portions of the preferred option, subject to
completion of the RITT process.

58 At https://www.aemo.com.auk/media/Files/Electricity/NEM/Plannig_and_Forecasting/Victorian_Transmission/2019/G#kr- Expressionsof-Interest
WesternVictoria- TransmissionNetwork- Project.pdf.
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Now that the PACR has been issuednd once the RIFT process is concluded, AEMO intends to proceed
with the competitive tender process for the conestable portions of the final preferred option and the
process for obtaining offers for the noncontestable portions of the final preferred option.

AEMO will announce the outcome of the tender process in the coming months.
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Al. Compliance with NER

This PACRprovides all the information specified in NER 5.16.4, and as outlined in the table below:

Table 17  Information provided in this PACR, as required by NER 5.16.4
A description of each credible option assessed 3
A summary of, and commenary on, the submissions to the project assessment draft repart 4

A quantification of the costs, including a breakdown of operating and capital expenditure, and classes of 5.2.115.2.120
material market benefit

A detailed description of the methodologies used in quantifying each class of material market benefit 5
and cost

Reasons why the RFIT proponent has determined that a class or classes of market benefit are not 6.1
material.

The identification of any class of market benefit estimated to arise outside the region of the Transmission 6
Network Service Provider affected by the R¥T project, and quantification of the value of such market
benefits (in aggregate across all regions)

The results of a net present value analysis and accompanying explanatory statements regarding the 6.3
results
The identification of the proposed preferred option, with: 3.3.26.3,7

1 Details of the technical characteristics;

i Estimated commissioning date Project seqiencing and constructionwill be determined after the
conclusion of the RITT process, by a competitive tender

i If the proposed preferred option is likely to have a material interetwork impact and if the
Transmission Network Service Provider affected by the RiTproject has received an augmentation
technical report, that report; and

i A statement and the accompanyng detailed analysis that the preferred option satisfies the regulatory
investment test for transmission.
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A2. Committed generation

The table belowprovides an update to committed generation modelled in the Western Victorian Renewable

Integration RIT-T. Additional committed generation since the publication of the PADR is ifbold . This
information is obtained from ARM@®is tgoe nAeErMaQXdiso nw eibnsfiotrema
new generation enquiries, applications as well as committed and operational generatofs

Table 18  Committed generation considered in the Western Victoria Renewable Integration RIT

Ballarat Energy Storage System Transmission Storage Western Victoria
Bannerton Solar Farm Distribution Solar 88 Murray River
Bulgana Wind Farm Transmission Wind 204 Western Victoria
Bulgana Energy Storage Transmission Storage 21 Western Victoria
Crowlands Wind Farm Transmission Wind 80 Western Victoria
Gannawarra Solar Farm Stage 1 Distribution Solar 50 Murray River
Gannawarra Energy Storage System Distribution Storage 25 Murray River
Karadoc Solar Farm Distribution Solar 90 Murray River
Kiata Wind Farm Distribution Wind 30 Western Victoria
Lal Lal Wind Farm Elaine Transmission Wind 79 Western Victoria
Moorabool Wind Farm Transmission Wind 320 Western Victoria
Mount Gellibrand Wind Farm Distribution Wind 132 Moyne

Murra Warra Wind Farm Transmission Wind 226 Western Victoria
Salt Creek Wind Farm Distribution Wind 54 Moyne
Stockyard Hill Wind Farm Transmission Wind 532 Moyne

Wemen Solar Farm Distribution Solar 88 Murray River
Yatpool Solar Farm Distribution Solar 81 Murray River
Cohuna Solar Farm Distribution Solar 27 Murray River
Dundonnell Wind Farm Transmission Wind 336 Moyne

Kiamal Solar Farm - Stage 1 Transmission Solar 200 Murray River

Lal Lal Wind Energy Facility - Yendon Distribution Wind 144 Western Victoria
end

Numurkah Solar Farm Transmission Solar 100 Murray River

69 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Generationrinformation. Commitment criteria are
outlined under the Background information tab in each regional spreadsheet.

0 At https://lwww.aemo.com.aut/media/Files/Electricity/ NEM/Network_Connections/Maps/VI€Generation-\VV201904.pdf, published in April 2019.
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A3. Minor augmentations

A3.1 Kerang to Wemen to Red Cliffs 220 kV transmission line
(KGTSWETSRCTYS)

Kerang to Wemen to Red Cliffs 220 kV transmission line (KGTS OWETSRCTS)

Project description AusNet Services has identified constraints/enablers to improve the line rating:

1 2 x Replacement of line span and harp string

i Transfer existing COMMS services off Power Line Carrier

1 4 x Protection replacement

1 Remove line traps

1 1 x Instdlweather station at RCTS

1 1 x Install weather station at WETS

1 2 x Install weather station on towers

Ratings improvement for this minor augmentation are primarily from removing existing rating
limiting station equipment.

CAPEX cost $2,600,000

10year OFEX cost $265,563

A3.2 Bendigo to Kerang 220 kV transmission line (BETSGTS)

Bendigo to Kerang 220 kV transmission line (BETS -KGTS)

Project description AusNet Services has identified constraints/enablers to improve the line rating:

1 2 x Replacement of line span and harp string

1 Transfer existing COMMS services off Power Line Carrier

1 2 x Protection replacement

1 Remove line traps

1 1 x Install weather station at KGTS

1 2 x Install weather station on towers

Ratings improvement for this minor augnentation are primarily from removing existing rating
limiting station equipment.

CAPEX cost $1,700,000

10year OPEX cost $212,897
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A3.3 Moorabool to Terang 220 kV transmission line (MLT-SGTS)

Moorabool to Terang 220 kV transmission line  (MLTSTGTS)

Project description AusNet Services has identified constraints/enablers to improve the line rating:

1 Replacement of a line span
1 1 x Install weather station at TGTS
1 2 x Install weather station on towers

Ratings improvement for this minoraugmentation are primarily from enabling dynamic wind
monitoring on the transmission lines.

CAPEX cost $500,000

10year OPEX cost $212,897

A3.4 Ballarat to Terang 220 kV transmission line (BATEGTS)

Ballarat to Terang 220 kV transmission line ( BATSTGTS)

Project description AusNet Services has identified constraints/enablers to improve the line rating:

1 1 x Replacement of line span and harp string at BATS

1 2 x Protection modification

1 1 x Install weather station at TGTS

1 2 x Install weather station on towers

Ratings improvement for this minor augmentation are primarily from enabling dynamic wind
monitoring on the transmission lines.

CAPEX cost $700,000

10year OPEX cost $212,897
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A4. Stakeholder
consultation materials

AEMO published key collateralto assist stakeholders with their understanding of the project
Western Victoria RITFT fact sheet’®

Western Victoria RITT Project Updat€e?.

Industry forum slide pack andsupporting materials’.

Podcaston Western Victoria Renewable Integratioff.

Media releaseon the PADR®.

Dedicated project webpages cr®ated on AEMOG6s corpora

=2 =4 =4 A A -4 -

Dedicated 1800 number and email address assigned to the projeét

7IAt http://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecastingictorian_Transmission/2018/071248itial-RIT-T-Fact Sheet.pdf
72 At http://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecastinyictorian_Tansmission/2018/WVRProject Update-2.pdf.

3 At http://aemo.com.au/Electricity/National- Electricity Market-NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/RITT/Stakeholderconsultation,

74 At http:/energylive.aemo.com.au/Insights/PodcastWestern-Victoria-renewable-integration.

S At http:/energylive.aemo.com.au/News/Transmissiorcapacity-improvement-media-release

76 At http://aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Victorian-transmission network-service provider-role/RITT.

77 At http://aemo.com.au/Electricity/Nationak Electricity Market- NEM/Planning and-forecasting/Victorian-transmission network-service provider-
role/RITT/Keycontacts.
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A5. PADR submission
period, engagements
undertaken

The table below summariseA E M Osakeholder engagement activities during the PADR consultation period.

Table 19  Engagements undertaken during PADR submission period

Stakeholder Stakeholder Method
group

Community 1 Local community withinpotential 1 Advertising in state and local newspapers: The Agéx2), the Herald
me mbers vicinity of preferred option Sun(x2), Stawell Times News (x2), Ballarat Courier (x2), Ballarat
Times(x2), Ararat Advertiser(x2) Ararat Times(x2), StanwellTimes
(x2), Daylesford Advocate (x2), Pyrenees Advocate (x2), Melton an
Moorabool Star Weekly (x2) (Jan/Feb 2019)

1 Victoria-wide community

1 Online engagement

1 Project email, website, tollfree phone number (Dec 2018

ongoing)

Consumer _ 9 AER Consumer Challengedhel 9 Presentation at AEMO Consumer Forum (14 November 2018)
representatives 9 Energy Consumers Australia 9 Individual briefings provided to Consuner representativegroups

1 Major Energy Users (FETE A0

i Public Interest Advisory Centre

1 Queensland Energy Users Network

i St Vincent de Paul Society

9 Uniting Communities
Industry and Academicstakeholders 1 Industry forums x 2 (high level summary forum on 19 December

Market
Participants

Bankingsector 2018 anddeep-dive sessionon 30 January 2019)

1 AEMO Communications
Generators

Property developers 1] Nl EMEEEeT e

Renewableenergy stakeholders 1 TR e et
Retailers

Transmissionservice providers

= =4 a4 a4 -Aa _a _a -2

Wind/solar farm developers

Local councils
across Western
Victoria

Ararat Rural CityCouncil i Faceto-face engagement with all local councils
City of Ballarat

Hepburn Shire Council

Melton City Council

Moorabool ShireCouncil

Northern GrampiansShire Council

= = = = = = =)

PyreneesShire Council
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Stakeholder Stakeholder
group

Members of 1 Localstate and federal MPs
Parliament (MPs) representing Western Victoria

Victorian i Department of Environment, Land,
Government Water and Planning

i Department of Economic
Development, Jobs, Transport and
Resources

i Department of Premier and
Cabinet

Commonwealth 1 Department of Environment and
Government Energy

Regulators and i Australian Energy Regulator
policy -makers

i Australian Energy Market
Commission

Industry bodies/ 1 Australian Energy Council

associations )
i Clean Energy Council

1 Energy Networks Australia

Special interest i Grampians New Energy Taskforce

groups
i Loddon Mallee New Energy

Taskforce
1 Murray RiverGroup of Councils
1 Wimmera Development

Association

Indigenous Registered Aboriginal Parties

groups ) . )
i Barengi Gadjin Land Council

Aboriginal Corporation

1 Dja Dja Wurrung Clans Aboriginal
Corporation

i Martang Pty Ltd

1 Wathaurung Aboriginal
Corporation

9 Wurundjeri Land and
Compensation Cultural Heritage
Council Aboriginal Corporation

Traditional Owner Groups
i Boon Wurrung Foundation

9 Bunurong Land Council Aborignal
Corporation

1 Wurundjeri Land and
Compensation Cultural Heritage
Council Aboriginal Corporation
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Faceto-face engagement

Formal correspondence

Faceto-face engagement

Formal correspondence

Teleconference

Faceto-face engagement

Faceto-face engagement

9 Formal correspondence

Faceto-face engagement

Formal correspondence

i Faceto-face engagement

Individual briefings via Skype

Formal correspondence

Faceto-face engagement

60































































