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Executive summary

The Australian Energy Market Operator (AEMO) is responsible for planning and directing augmentation on
the Victorian electricity transmission Declared Shared Network (DSN). TRétorian Annual Planning Repdr
(VAPR) assesses the adequacy of the DSN to meet reliability and security needs over the coming 10 years.

The VAPR sits dntegratag Syistdne Plagl&ERY&3 & key component in the national regulatory
framework that aims to deliver efficient panning and economic investment. The VAPR leverages the
nationally-optimised investment plans developed in the ISP, and overlays more detad information about
local congestion issues and regional performance characteristics.

The regional VAPR studieprovide insights relating to security of supply, reliability, network capability, system
performance, and emerging augmentation opportunities that may deliver net market benefits.

Unprecedented change

The energy landscape in Victoria is undergoing unpreceented change. Strong investor interest in
western parts of the stateis shifting the geographic diversity of supply sources away from the Latrobe
Valley, while increasing penetration of norsynchronous generation isfurther changing the technical
characteiistics of the system. Overlaid on this, consumer response through distributed energy resources
(DER)s impacting the very nature of demand and raising new challengef operating the transmission
network.

For the first time, in 201819, minimum demand inVictoria occurred in the early afternoon rather than
overnight. Thisrepresent a key transition point in the penetration of rooftop photovoltaic (PV) andother
DER technologies. In addition, parts of the system that have historically been net loads aremw behaving
increasingly as net generatiorsourcesd changing system dynamics at a fundamental level.

Managing secure operating voltages at times of minimum demand has also remained a high priorityas
falling operational demand continues to placepressueon t he systemds reacti v

While the Victorian DSNremained secure undemormal operating conditions, tightening supply margins
and record-breaking high temperatures contributed to limited periods of supply shortfall inJanuary 2019.
To maintain power systemreliability during these periods AEMO wasforced to activate the Reliability and
Emergency Reserve Trader (RERT) atedmaintain power system security, AEMO was forced to
implement load shedding strategies.

Significant investment

In response to these rapid system changes, and consistent with recommendations in the 2018 ISP,
significant new network investment projects are being progressethrough the regulatory process. The
projects together aim to:

1 Deliver higher utilisation of exising generation sources in the west of Victoria.

1 Unlock additional high-quality renewable energy zones (REZS).

1 Manage voltage control challenges.

i1 Ensure continued supply reliability as traditional coal generation sources withdraw from the NEM
1l

Ultimately, minimise system cost to achieve the mosefficient outcomes for consumers.
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AEMO is also continuing to monitor the emergence of new limitsparticularly those that may only
become significant following an unexpected change in local demand, generator investnm, or generator
withdrawal.

While no newly identified limitations have triggered a formal economicassessment since the 2018 VAPR,
severalnew limits have been put on heightened monitoring. These include postault voltage oscillation
risks in the north-west of Victoria, and diminishing levels of system strength at key nodes across the state

As a prudent risk mitigation strategy, AEMO haslso commenced preliminary studies onoptions to
improve interconnection with New South Walesn the long term, unlocking additional renewables in
Victoria and delivering reliability benefits in the event of future plant closuresr declining availability in
the Latrobe Valley. AEMO expects to build on these studies to commence a formal RIT process in the
near future.

Shifting asset utilisation

Whil e a strong focus on network augmentation i s
network asset base also remains critical. In 2019, AEMO Feagain worked closely with AusNet Services to
assess theneed and economic justification for the replacement, refurbishment,derating, or retirement of
assetsthat are approaching end-of-life.

For the first time, AEMO has alsancluded a sensitivity analysis on theotential asset replacementimpact
of future generation plant withdrawals in the Latrobe ValleyThis is important because, although the
traditional focus of network planning has been to support growing consumer demandfurther large-scale
generation plant withdrawalsfrom the Latrobe Valleymay reduce the utilisation of existing network
assets, or open opportunities fornew local generation and interconnection projects. These changeswill
greatly impact the economic signalsthat underpin network asset replacements.

Exponential growth in renewable genera  tion connections

The networkchallenges associated with integrating large volumes of newenewable generation projects
are being compounded by connection of these new projects inweaker parts of the network, where the
highest quality renewable fuel sources are available. The transmission networkthrese locationswas not
originally designed to accommodate high volumes of generation, or to withstand the technical
characteristics asociated with renewable generation technology.

As a result, some areasire experiencingsignificant levels of network congestion, changes in marginal loss
factors (MLFs), additional system strength remediation costs, and imposed stability limitations under
specificsystem conditions.

AEMO is progressing severahetwork development projects to address existingand emerging limitations,
while also providing net benefits to consumers. However, network augmentation alonavill not resolve
these issuesThe market, and the system, are providindocational signalsthat are intended to help
proponents make optimal investment decisionsand to incentivise investment in areas that drivéhe most
cost-effective outcomes for consumers.

Performance of the Victorian DSN during 2018 -19

The Victorian DSNremained secure undemormal operating conditions in 201819 despite tightening
supply-demand conditions, and recordbreaking high temperatures that contributed to limited periods of
supply shortfall.

Notable observations arethat:

1 Minimum operational demand (3484 megawatts [MW]) occurred at1:30 pmon 28 October 2018,
representing the first time that Victorian minimum demand has occurred during the afternoon rather than
overnight. This highlights the impact thatan increasing penetration of rooftop PV is having on the
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operational characteristics ofthe power system. Since June 2018aily minimum demand in Victoria has
occurred during daytime periods on 12separate occasions

Several terminal stations that have historically behaved as net loadsve increasinglybecome net
generation sourcesdue to an increase in DER (particularly rooftop PV), coupled with distribution level
generator connections.For example,measurements atKerang Terminal Statiorshow flows onto the
transmission network over 27% of the timeduring the last 12 months This demonstates that distributed
generation in the area often exceeds local electricity consumption

Extreme weather conditions contributed toseveral operating incidentsin 201819

0 In August 2018, anetwork separation eventoccurred following a lightning strike to the Queensland to
New South Wales interconnectot: This resulted in load shedding in Victoria, and AEMO @&ctioning
several recommendations to improve system resilience during events of this nature.

0 On 24 and 25 January 2019, during a period grolonged high temperatures acrossmultiple states,
high levels of consumption coupled with unplanned generator outages resulted in insufficient supply
to meet Victorian demand, and AEMO wasrequired to activate load shedding.

At times of minimum demand, AEMO hascontinued to rely on operational measures to maintain secure
voltage levels including the de-energisation of major transmissionlines in Victoria.

0 Inresponse, AEMO has entereihto a short-term Non-Market Ancillary Service (NMAS) agreemertb
maintain power system security and reliabilityat times of minimum demand. AEMO is currently
tendering for further interim NMAS serviceswhile a Regulatory Investment Test for Transmission
(RIFT) is progressng to deliver a long-term solution.

While the supply-demand balance has remained tight at times of peak demandaverage exports from
Victoria have increased compared witl201718,largely due to the connection of new renewable
generation in the region.

Building a resilient power system in Victoria

The energy landscape in Victoria is undergoing unprecedented change. Strong investor interest in western
parts of the stateis shifting the geographic diversity of supply sources away from the Latrobe Valley, while
increasing penetration of non-synchronousgeneration is changing the technical characteristics of theystem
Overlaid on this,an increasing adoption of DERis impacting the nature of demand, and raising new
challengesassociated with changes in flow directions and voltage control.

In responseto these changes, and consistent with the 2018 VAPR and the 2018 ISP, ABEMndertaking;

l

The Western Victoria Renewable IntegratiorRITT, to reduce network congestion and facilitate connection
of additional generation in Western Victoria. AEMOntends to publish the Project Assessment Conclusions
Report (PACRiIn July 2019A PACRpresents final RIFT analysis and maks a conclusion on the preferred
option that delivers the highest net market benefit

The Reactive PoweiSupport RITT, to deliver additional reactive support in Victoria to alleviate voltage
control issues at times of low demand. AProject Assessment Draft Report (PADRJas published in
June2019 whichidentifies and seeks feedback on RFT analysis and the selection o& preferred option.
The PADRdentifies that 500 megavolt amperesd reactive (MVAr) of strategically placed reactive plant
would deliver the highest net market benefis. Stakeholdersubmissions on the PADRIose in August 2019.

The Victoria to New South Walesinterconnector (VNI)RITT, to increasepower transfer capability between
the states improving utilisation of renewable generation in the southern states, andllowing improved
supply sharing between regions AEMO intends to publish aPADR inthe third quarter of 2019

1 AEMO, Final Reportd Queensland and South Australia system separation on 25 August 2Qwuary 2019, atttps://www.aemo.com.aul-/media/Files/

Electricity NEM/Market_Notices_and_Events/Power_System_Incident Reports/2018/Q8IA Separation25-August-2018 Incident-Report.pdf.
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Beyond the aboveprojects, AEMO continues to monitor the emergence of new limit particularly those that
may only become significant following an unexpected change in local demand, generator investment, or
generator withdrawal.

While no newly identified network limitations have triggered a formal economic assessment since the 2018
VAPR, several new limitations have been put on heightened monitoringn particular:

1 Postfault voltage oscillation concerns have been identified in thaorth-west of Victoria under prior
outage conditions. AEMO is currently managing this through normal operational limits advice and
maintenance scheduling processes.

1 The withdrawal of further thermal plant from the Latrobe Valley may result in supply shifells, 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 plant
failure or force majeure event codd cause an early or unexpected plant retirement.

As a prudent risk mitigation strategy, AEMO hasommenced preliminary studies onoptions to further
expand interconnection with New South Walesin the long term, unlocking additional renewables in
Victoria and delivering reliability benefits in the event of future plant closures in the Latrobe ValleAREMO
expects to build on these studies to commence a formal RFT process in thenear future.

1 AEMO is undertakingdetailed dynamic power system analysis stués to identify any current system
strength gapsin Victoria, and those that may emerge over thecoming five-year period. While no system
strength gaps haveyet been declared under system normal conditions, AEMO expects to publish a final
report detailing investigation results by the end of 2019AEMO, as the System Strength Service Provider
for Victoria, would then act to address anydeclared gaps

1 AEMO is performing a review of control schemes in Victoria tensurethey remain optimally configured
and fit-for-purpose assystemoperating conditions change.

Maintaining Victoriafds transmission networKk

In addition to the focus on network augmentation, appropriate maintenanceofVi ct ori ads exi sting
asset baseremains critical In 2019,AEMO has again woked closely with AusNet Services to assess tmeed

and economic justification for thereplacement, refurbishment,derating, or retirement of assets approaching

end-of-life. In the 2019VAPR:

T Aus Net Servicesd 2019 asset rampatgaelycensigentiwithahose r ef ur bi s
presented in the 2018 VAPR.

1 Several new asset replacement projects have been identified, or have now moved within tfige-year
detailed assessment horizon, including:

0 Circuit breaker requirements at the Moorabool termiral station associated with the local transformers
and 220 kilovolt (kV) shunt reactors.

o Circuit breaker replacement at the Rowville terminal station associatedith the local Static VAr
Compensator (SVC) and capacitor bank.

i For each project, AEMO has arlgsed future system needs and confirmed the underlying system impact
that would arise if the existing asset was removed without replacementhis analysis identified a
continuing system need associated with each proposed asset replacement project.

1 AEMO hasalsoincluded a sensitivity analysis on theotential asset replacementimpact of future
generation plant withdrawals in the Latrobe ValleyAlthough the traditional focus of network planning has
been to support growing consumer demand,further large-scale generation plant withdrawals from the
Latrobe Valleymay reduce the utilisation of existing network assets, or open opportunities fonew local
generation and interconnection projects. Thesechangeswill greatly impact the economic sigralsthat
underpin network asset replacements
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Rapid growth in Victorian generation investment

Investment in new renewable generation in Victoria is growing at an exponential rate. There are currently
4.4 gigawatts (GW)? of installed renewable generating urits in Victoria, a further 2.4 GW of renewable
projects have committed to connect, and an additional 8 GW of renewables areproposed to connect®. This
trend has been driven by the decline in renewable technology costs and supported by renewable policies,
notably the Victorian Government s o Iddiver 50% renewable energy generation by 2@0 under the
Victorian Renewable Energy Target (VRET)

This rapid surge in renewable generator connectionss driving a fundamental changein the behaviour of the
Victorian power system as the generation fleet transitions from traditional synchronous generation (coal and
gas) to variable non-synchronous generation(wind and solar)

Areas of interest for the quality of their renewable fuel sources (such as nortvest Victoria) are often parts of
the network that have not been designed to accommodate large volumes of generationSome renewable
generator technologies are also not robustenough to withstand the technical characteristics associated with
these weak network areas.

Locational signals are integrated in the NEM desigrand are intendedto guide developers to investin areas
that promote the most cost-effective outcome for consumers. Some investors in Victoria are already facing
economic impacts and technical challenges associated with connection @weak transmission network
including:

1 Thermal limitationsd high volumes of renewable generation in the west of the stateare leading to
significant network congestion, resulting in the constraint of generator outputs.

9 Stability limitations d the technical characteristics of wind and solar generation can contribute to reduced
network stability, such as the identified risk if undampe voltage oscillations inWestern Victoria. Generator
restrictions are necessary to mitigate the risk of system interruptions or collapse in the region.

1 Diminishing system strengthd as new renewable generators connect to weak areas of the network, these
generators faceadditional constraintsand considerable remediationinvestment costsor delays

1 Diminishing MLFsd increased power flows from renewablegenerators in WesternVictoria to load centres
is resulting in growing network losses and reduced MLF&or some generators in western parts of the state.
As MLFs are applied tagenerator payments, lower MLFs result in reduced generator revenue

SignificantRIT T augmentation projects are already underway to deliver reduced networkongestion and
unlock opportunities for more efficient use of renewable resources in Victoria. In addition, AEMO is seeking
opportunities to drive cost efficiencies for consumers by supporting optimised integration of DER, energy
storage devices, and other technologies.

Beyond invesment in network infrastructure and market services, the growing complexity of power system
requirements places additional pressure on investors to understand locational signals, technical standards,
and connection processes that can have material impacisn their project timing and viability. The 2019 VAPR
includes a new chapter(Chapter 6)aimed at providing investors with a better understanding of these
complex issues.

2See Victoria update for 10 May 2019 ohitp/AENGEosconGee/Electrict/Natonat Electricity Markatt i on webpage
NEM/Planning-and-forecasting/Generatiorrinformation.

3 Definitions of proposed and committed generation are undert he Background I nformation tab in each regional S |
Information webpage.

4 For more information, seehttps://www.energy.vic.gov.ai/renewable-energy/victorias-renewable-energy-targets.

© AEMO 2019 Victorian Annual Planning Report 7


http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information
https://www.energy.vic.gov.au/renewable-energy/victorias-renewable-energy-targets

Contents

Executive summary

1. Introduction

1.1 Context of the 2019 VAPR

1.2 Supporting material

2. Network performance

2.1 How does AEMO assess network performance?

2.2 Network performance at times of high network stress
23 Victorian power system reviewable operating incidents
2.4 Interconnector capability over 201819

25 Impact of Victorian transmission constraints

2.6 Impact of changing generation mix

3. Network developments

3.1 Western Victoria Renewable Integration RFT

3.2 Victorian Reactive Power Support RIT

3.3 Victoria to New South Wales Interconnector (VNI) RiT

3.4 El ect r aNe tTo(RrojeSt AeyCBnneLt)

3.5 TasNetworksd Project Marinus RIT
4. Forecast limitations

4.1 Methodology

4.2 Completed projects and retirements

4.3 Future projects and opportunities

4.4 Monitored transmission limitations

4.5 Interim limitations and challenges

4.6 Impact of activities outside Victoria

4.7 System stremgth limitations

4.8 Distribution planning

5. DSN asset retirement, derating, and replacement
5.1 Rule requirements

5.2 Joint planning of asset retirements and deratings
53 Latrobe Valley asset utilisation sensitivities

5.4 Scenario studyd Latrobe Valley retirements

55 Impact on voltage control

6. Connection insights

6.1 Connection trends in Victoria

© AEMO 2019| Victorian Annual Planning Report

11
11
14
16
17
17
25
26
27
29
32
33
34
36
37
38
40
40
41
42
44
46
47
48
50
51
52
52
55
55
59
60
61



6.2
6.3
6.4
Al.
Al.l
Al.2
Al.3
Al4
Al5
A2.

A3.

Locational signals

Opportunities and network developments

Connections process and resources

DSN monitored limitation detail

Eastern Corridord monitored limitations

South-West Corridor 8 monitored limitations

Northern Corridor 8 monitored limitations

Greater Melbourne and Geelongd monitored limitations
Regional Victoriad monitored limitations

Distribution network service provider planning

Transmission network limitation review approach

Tables

Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12
Table 13

2019 VAPR supporting resources and links

Summary of operating conditions

Summary of significant reviewable power system incidents during 20189
Percentage (%) of time interconnector is exporting energy from Victoria
Equations with persistent market impacts in both 2017 and 2018

Number of hours reverse flows occurred at identified locations

Network need assessment results

Limitations being monitored in the Eastern Corridor

Limitations being monitored in the South-West Corridor

Limitations being monitored in the Northern Corridor

Limitations being monitored in Greater Melbourne and Geelong

Limitations being monitored in Regional Victoria*

Distribution network service provider planning impacts

Figures

Figure 1
Figure 2
Figure 3

Integration of the VAPR in the National Planning Framework
Maximum demand snapshot: generation, load, and inter@annector flow

Minimum demand (day) snapshot: generation, load, and interconnector flow

© AEMO 2019| Victorian Annual Planning Report

64
72
74
78

78
79
80
81
83
85

86

15
18
26
26
28
30
53
78
79
80
81
83
85

12
20
21



Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12

Figure 13

Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20

Minimum demand (overnight) snapshot: generation, load, and interconnector flow
High export snapshot: generation, load, and interconnector flow

Victorian demand profile of 201819 minimum demand day (28 October 2018)
Preferred option 6 Western VictoriaRenewable Integration RIAT

ROTS A1 Transformer load duration curve

SMTS H2 Transformer load duration curve

HWTS A4 Transformer load duration curve

ROTS®YPS load duration curve

Existing, committed and proposed largescale generation capacity in Victoria, as at 10 May
2019

Existing, committed and proposed largescale generation capacity in Victoria (MW), as at
10May 2019

Spatial representation of aggregated connection applications

Potential constraints risks for new generators in Victoria

Map of 201920 MLFs for connection nodes in Victoria

Connection point MLF degradation from 201819 to 201920, as published on 21 June 2019
Current system strength levels in Victoria in 201&9

Victorian renewable energy zones

Key technical stages of connections process

© AEMO 2019 Victorian Annual Planning Report

23
24
31
34
57
58
58
59

61

61
63
65
68
69
70
72
74

1c



1. Introduction

The Australian Energy Market Operator (AEMO) is responsible for planning and directing augmentation on
the Victorian electricity transmission Declared Shared Network (DSN).

The Victorian Annual Planning ReporfVAPR) assesses the adequacy of the DSN to eteeliability and
security needs efficiently over the next 10 yearand provides insights relating to security of supply, reliability,
forecast demand, network capability, system performance, and emerging network developments that may
deliver net marketbenefits to consumers.

AEMO publishes the VAPR as part of its role as Victorian transmission planner under the National Electricity
Law (NEL), in accordance with clause 5.12 of the National Electricity Rules (NER).

In the 2019 VAPR:

1 Chapter 2 reviews theperformance of the DSN throughout 201819, including performance at times of
high network stress, and is consistent with the reviews undertaken in previous VAPRSs.

1 Chapter 3, a new chapter in 2019, provides an update on network development opportunitiedéntified in
the 2018 VAPR, the 201®itegrated System PlaflSP), and the 2018lational Transmission Network
Development Plan(NTNDP). This chapter highlights the alignment of the VAPR with the broader national
regulatory framework, and supports work alr@ady underway to progress ISRecommended augmentations
in Victoria.

1 Chapter 4assessedguture DSN performance, and identifies new emerging and monitored limitations,
beyond or in addition to those identified in the 2018 VAPR.

1 Chapter 5 presentsupdatedr nf or mati on on AusNet Servicesd Asset Re
network asset retirements, deratings, and renewals within theG0yearVAPR t i mef rame, i ncl ud
assessment of the future network needs associated with these assets.

1 Chapter 6, anew chapter in 2019, provides a range of information and resources to assist new and
intending participants to better understand the changing investment landscape in Victoria, including a
summary of important locational signals and challenges that may imgct future investments.

The 2019 VAPR isupported by an online interactive ma that provides data and analysis for a range of
National Electricity Market (NEM) topics, including current and emerging development opportunities,
transmission connection pont forecasts, and national transmission plans.

1.1 Cont ext of the 2019 VAPR

The context for network development, both regionally and nationally, is changing rapidl$ with many moving
parts acrossthe regulatory, policy, planning, investment, and operationalandscape

Key developments since publication of the 2018 VAPR are summarised below.

Changes to the national regulatory framework

AEMOis working with the Council of Australian GovernmentsCOAQ Energy Counciland the Energy Security
Board (ESB to progresschanges to the national planning frameworkthat drive towards a more actionable

5 At https://www.aemo.com.au/Electricity/Nationai Electricit-Market- NEM/Planning-and-forecasting/Interactive maps-and-dashboards
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ISP, andthat will have consequential effects on regional planning processes faransmission network service
providers (TNSP3.

A key objective of the ESBOG6s reforms i s alowsthelotpusl op a s
ofthe ISPtobei ncor porated i nto T NSHBo@ingicomprenersivessysterwile ci si ons
modelling, the ISP identifies system needs ahcredible options to meet needs.The role of the Regulatory

Investment Test for TransmissionRITT) is then to examine projects identified in the ISPand ensure that the

chosen solution maximises net market benefits when compared with other possible ojatins.

The VAPR currently sits alongside the ISP as a key component in the larger regulatory framework that aims to
deliver efficient planning and economic investment across the NEM.

In alignment with a future, directly actionable ISPthe VAPR already leveges the nationallyoptimised,
long-term investment plans developed through the ISP process, and overlays these with more granular
information on local congestion issues, and regional performance characteristic the Victorian DSN

The VAPR studies @& then used to inform interested parties in Victoria, trigger regulatory investment
processes, or flow back into the ISP to improve and refine the results. This relationship is presented in the
diagram below, and would accommodate future regulatory changeghat streamline the RITT process or
allow ISRPsupported projects to be passed through to the RITT process more readily.

The 2019 VAPR strongly supports the work already underway to deliver on high priority work identified in the
I SP, and a dewlpmént® t wlhha xt er (Chapter 3) has been introd
these active ISP projects in Victoria.

Figure 1 Integration of the VAPR in the National Planning Framework

Optimised, economic, longterm investment
plans for National Transmissiorilowpaths.

Inform Constraints, options, local issues &
i reliability, assetage & condition, etc

Detailed discussion of ISP projects, including
assessment of system performance, and
investigation of local congestion issues.

Modelling inputs
and results i

Inform Investors, NSPs,
""" > and proponents of
non-network options

Initiate

RITTs & minor Project-specific cost benefit analysis
augmentation projects and formal investment decisions.

5 ESBConverting the Integrated System Plan into action, Consultation papbtay 2019, ahttp://www.coagenergycouncil.gov.aukites/
prod.energycouncilffiles/publications/documents/ESB%2®620Converting%20the%201SP %20into%20Action%262020190517.pdf

© AEMO 2019] Victorian Annual Planning Report 1z


http://www.coagenergycouncil.gov.au/sites/prod.energycouncil/files/publications/documents/ESB%20-%20Converting%20the%20ISP%20into%20Action%20-%2020190517.pdf
http://www.coagenergycouncil.gov.au/sites/prod.energycouncil/files/publications/documents/ESB%20-%20Converting%20the%20ISP%20into%20Action%20-%2020190517.pdf

New state and national policy announcements
1 The Victorian Government las committed to:

0 A Victorian Renewable Energy Target (VRET)40% by 2025, with a further target 0f50% by 2030. The
first round of VRET auction winners have been announced, representing 928 gawatts (MW) of newly
committed renewable generatior.

0 The Sdar Homes scheme, which will deliver subsidised rooftop solar photovoltaic (PV) systems to
650,000 homes over the next 10 years, reducing system demand by as much as 2 gigawatts (GW) at
times of peak solar outpuf.

0 A battery storage incentive scheme, whig will provide $40 million in grants to assist 10,000 homes
over the next 10 years, with the potential to extend rooftop PV benefits into peak evening demand
periods®.

1 The Federal Governments supporting Snowy 2.0 as part of itdbroader energy plan, and has committed
up to $1.38 billionin equity investment with the remainder of the project to be financed by Snowy Hydro
Limited'®© This project has the potential to significantly affect the optimal development of the Victorian
transmission system.

These poicy changes have a significant impact on the identification ofmonitoring and emerging limitations in
the Victorian network (Chapter 4), and on the changing investment landscape within the state (discussed in
Chapter 6).

Progress on network planning and in  vestment activities

1 AEMO has published its Project Assessment Draft Report (PADR)r the Western VictoriaRenewable
Integration RITT, which identifies the preferred option to upgrade network capacity and maximise the
benefit of renewable connections inthis region through reduced congestion.

1 AEMO has published a Project Specification Consultation Report (PSERjintly with TransGrid for the
Victoriato New South Wales Interconnector upgrade. This project improves power transfers from Victoria
to New South Walesand is intendedto leverage low-cost renewables in the southern states angromote
improved supply sharing between the two regions The PADRor this project is expectedin Q3 2019.

1 AEMO has published itsPADR for the Reactive Power RIT*3, whichidentifies the preferred option to
maintain control of power system voltagesin Victoria as minimum demand levels fall within the state.

9 ElectraNet has successfully concludeits RIFT process for a new South Australia to New South Wales
Interconnector (including upgrades between Red Cliffs and Burong&)

1 TransGrid has published a PSCR reinforce the New South Wales Southern Shared NetwofR which will
assess the economic merits ofipgrades between the Snowy region and Sydney, anchay be required to
capture market benefits associated with the Snowf.0 project.

7 For more information, seehttps://www.energy.vic.gov.au/renewableenergy/victorias-renewable-energy-targets.

8 For more information, seehttps://www.solar.vic.gov.au/

Victorian Gover nnGheaper EreetdcityaVithr Selar 8atteries,Ford0,000 Hondes 1 1 S e p taehtips:éuww.gr@rileBvic.gov.au/
cheaperelectricity-with-solar-batteries-for-1000@ homes/.

YFeder al Go v er n me Historim8aalvy 20 pfardpmovesie , 26 F e b r httpsr/wwwaid.do9.au/madia/historic-snowy-20-plan-
approved.

1At http://aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Victorian-transmission network-service provider-
role/RITT/Reportsand-project-updates.

12 At http://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecastingictorian_Transmission/2018/Victorido-New-South-Wales
Interconnector-Upgrade-RIFT-PSCR.pdf

13 At https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/Victorian-transmission network-service provider-
role/Regulatory-investment tests-for-transmission

14 For more information, seehttps://www.electranet.com.au/projects/southaustralian-energy-transformation/.

15 At https://www.transgrid.com.au/what we-do/projects/current- projects/Reinforcing%20the %20NSW%20Southern%20Shared%20Network
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1 TasNetworks has published a PSCR for the MarinusLink RIFf, which will assess the economic merits of a
second bass strait interconnectoyrleveraging hydro and renewable resurces in Tasmania.

The 2019 VAPR explores the progress and significance of these developments in Chapter 3.

Unprecedented generator connection interest and investment within the state

1 The Victorian fuel mix is rapidly changing as the state transitionsothigher levels of renewable energy.
Renewable generation sources currently make uplmost 4.5 GW ofcapacity, accounting for 38% of the
stateds total generation capacity.

1 2.4 GW of renewables connections are currently committed, withn additional 8 GW of renewable
generator projects proposed to connect. The majority of these projects are proposed to connect to the
western Victoria network, presenting significant challenges due to transmission network limitations.

1 The Snowy 2.0 projectintended to increase generation capacity by 2 GWis being considered committed
by AEMO, placing additional focus on the economic merits of augmenting the network betweerthe
SnowyMountains, Sydney, and Melbourne.

1 Some investors in Victoria are already facing unexpected ecomic and technical challenges associated
with connection to weak transmission network, including thermal and stability constraints, diminishing
Marginal Loss FactorsNILF9, and surging system strength remediation investment costs.

Chapter 6 discusses tIs changing investment landscape in greater detaiand provides a range of information
to assist new and intending participantgo better understand the important locational signals and challenges
associated with investment within the Victorian system.

Increasing operational challenges

1 Minimum demand conditions remain a high priority, and voltage control issues at these times have
emerged faster than anticipated. Shorterm operational measures, such asetwork reconfiguration by
de-energising transmissn lines, havebecome necessaryunder some conditions Forecast reductionsin
minimum demand over the next 10 years will exacerbate this issue, and continuedgoing reliance on
operator actionsto maintain network voltages will reduce system resilience.

In December 2018, AEMO identifieé gap for Network Support and Control Ancillary Service (NSCAS). To
address this gap, AEMO has procured nomarket ancillary services foreactive supportin the short-term,
while a formal RIFT process is underway to deligr a long-term solution.

i1 Detailed system strength studies are progressing in Victoria, and are identifying weaker nodes and
operating conditions. In late 2018, AEMO was required to direct units online to maintain system strength in
Victoria following multiple concurrent plant outages in the Latrobe Valley. While no system strength gaps
have been identified under system normal conditionsn Victoria, the situation may deteriorate over time
as local demand conditions change, and if further synchronous unitwithdraw from the system.

1.2 Supporting materi al

AEMO has published a suite of electronic resources to support the content in this report. Descriptions and
links are provided inTable 1

16 At https://projectmarinus.tasnetworks.com.au/ritt- process/.
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Table 1

Interactive map

Historical DSN rating and

loading workbook

AusNet Services 2019 asset
renewal plan

Constraint reports

Demand forecasts

Additional data required in
support of the Transmission
Annual Planning Report
guidelines

2019 VAPR supporting resources and links

Provides data and analysis for a range of NEM topics including emerging development
opportunities, transmission connection point forecasts, shortircuit levels, and national
transmission planshttps://www.aemo.com.au/Electricity/National Electricity Market-
NEM/Planning-and-forecasting/Interactive maps-and-dashboard

Presentsratings and loadings for the 201819 maximum demand and high export periods
presented in Chapter 2 and the interactive maphttps://www.aemo.com.au/Electricity/National
Electricity Market- NEM/Planning and-forecasting/Victorian-transmission network- service
provider-role/Victorian-Annual Planning-Report

OQutlines AusNet Servicesd transmission asset
asset renewal projects, including asset retirements and deatings for the next 10year period,
including changes since last gar and the various options considered.
https://www.aemo.comau/Electricity/Nationak Electricity Market-NEM/Planning-and-
forecasting/Victorian-transmissionnetwork-service provider-role/Victorian-Annual Planning
Report

AEMO uses constraint equations to operate the DSN securely within power sysidimitations. The
constraint equations are implemented in the National Electricity Market Dispatch Engine (NEMDE)
which dispatches generation to ensure operation within the bounds of power system limitations.
AEMOGds annual and mo retdilthehisorecal getfornsmmce df theseecpnstraint:
equations. https://www.aemo.com.au/Electicity/National- Electricity Market- NEM/Security and-
reliability/Congestionrinformation/Statistical Reporting- Streams

AEMOOds independent connect ihiphwwwadmo.combuEtedrcig/s
National-Electricity Market-NEM/Planning-and-forecasting/TransmissiorConnection-Point-

Forecasting

The Australian Energy Regulator (AER) has published an updated set of Transmission Annual
Planning Report (APR) guidelines, requiring all transmission network seevigroviders (TNSPs) to
provide additional performance, capability, and system strength information from 2019 onwards.
While the Victorian TNSP regulatory framework is unique compared to other NEM regions, the
2019 VAPR provides these additional details g&rt of the supplemental materials published
alongside the report. This information includes:

i Transmission connection point data for each transmission terminal station where primary station
assets are associated with an actual or forecast emerging netwoliknitation.
https://www.aemo.com.au/Electricity/National Eledricity-Market-NEM/Planning-and-
forecasting/Victorian-transmission network-service provider-role/Victorian-Annual Planning-

Report

1 Transmission line segment data for each transmission line between terminal stations that are
associated with a historical or energing line capacity limitation.
https://www.aemo.com.au/Eletricity/National- Electricity Market- NEM/Planning-and-
forecasting/Victorian-transmission network-service provider-role/Victorian-Annual Planning-
Report

1 Aggregated generation connection data for each connection application or new (completed over
the last 12 months) connection agreement at terminal stations or areas where the connections
could affect existing or emerging network limitations.
https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-
forecasting/Victorian-transmissionnetwork-service provider-role/Victorian-Annual- Planning:
Report
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2. Network p erformance

This chapter assesses the performance of the Victorian DSNiring 2018 19,

Key network performance insights

il

The Victorian DSNremained secure under normal operating conditions in 2018L9, despite tightening
supply-demand conditions, and record breaking high temperatures that contributed to limited
periods of supply shortfall

Minimum operational demand (3484 MW) occurred at1:30 pmon 28 October 2018 representingthe
first time that Victorian minimum demand has occurred during the afternoon rather than overnight.
This highlights the impact thatan increasing penetration of rooftop PV is having on the operational
characteristics ofthe power system. Since Jun2018, daily minimum demand in Victorighas occurred
during midday and afternoon periods on 12separate occasions.

At times of low demand, AEMO has continued to rely oroperator actionsto maintain secure voltage
levels, includng the de-energisation of multiple 500kilovolt (kV) transmission lines in Victoria.

0 In March 2019, AEMO entered a shoiterm Non-Market Ancillary Service (NMAS) agreemerfor
the provision of additional voltage control support at times of minimum demand.

0 AEMOis separately progressing a RFT to deliver a long-term solution, and has commenced an
open tender to source further interim NMAS servicesuntil the RIT-T process concludes.

Extremeweather conditions contributed to several operatingincidents in 2018 19:

0 In August 2018, anetwork separation eventoccurred following a lightning strike to the Queensland
to New South Wales interconnector This resulted in load shedding in VictoriaAEMO is actioning
several recommendations to improve system resiliencduring events of this nature.

0 On 24 and 25 January 2019, during a period grolonged high temperatures acrossmultiple states,
high levels of consumption coupled with unplanned generator outages resulted innsufficient
supply to meet Victorian demand, andAEMO wasrequired to activate load shedding.

While the supply-demand balance hasremained tight at times of peak demand, average exports from
Victoria have increased compared wittf201718, largelydue to the increasing connection of new
renewable generaton in the region.

Several terminal stations that have historically behaved as net loadsve increasingly becomenet
generation sourcesdue to an increase indistributed energy resources (DERparticularly rooftop PV,
coupled with distribution level generator connections.For example,measurements atKerang Terminal
Station show flows onto the transmission network over 27% of the timeduring the last 12 months This
demonstrates that distributed generationin the area often exceeds local electricity consumption.

17 The period 1 April 2018 to 31 March 2019.
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The following sections summari se AEMO®ds analysis

information is available 8n AEMOG6s online interacti

In this chapter, unless otherwise sited:

9 Generation is defined as all scheduled, serscheduled, and norscheduled generation greater than
30 MW and does not include rooftop PV.

I Demand and consumption are@s generated meaning they include generator auxiliary loads (electricity
used by generators in their operations}®.

2.1 How does AEMO assess network

In evaluating the adequacy of the Victorian DSN in 20289, AEMO considered the following key network
performance indicators:

1 Loading of transmission network elements at time s of high network stress 8 whether the transmission
network had sufficient capacity to supply the demand (seé&ection 2.2).

1 Reactive power adequacy at times of high netwo rk stress and low demand periods 6t he net wor k&s

ability to maintain voltages within operational and design limits throughout the network Section 2.2).

1 Notable power system incidents 0 the frequency of incidents which resulted in system security violation
or loss of customer load or generation Gection 2.3).

1 Interconnector capability d the extent to which the operational and design limits of interconnectors
restricted the import or export of generation (Section 2.4).

1 Impact of constr aint equations o the degree which transmission network constraints impacted on
generation dispatch Section 2.5).

1 Impact of the changing generation mix on the network & how network flows are impacted by the
increasing penetration of renewable generation and the shiftn minimum demand timing (Section 2.6).

of tF

vV e

P ¢

22 Network perfmemantehaght net wor |

AEMO reviewed the loading ofDSN network elements to assess levels ofietwork stressduring 2018 19.

To understand how the network performed at times of high stress, AEMO usefiveo per ati onaf 6snaps

of the power system to capture network conditiong* during periods of:
1 Maximum demand.

1 Minimum demand during the day.
1 Minimum demand overnight.

1 High export from Victoria?.

1

High levels of wind generation within Victoria.

18 Available athttp://www.aemo.com.au/aemo/apps/visualisations/map.htm)
9 For further information on demand and consumption definitions, seehttp://www.aemo.com.au/-/media/Files/Electricity NEM/Planning_and_Forecasting/
Demand-Forecasts/EF1/2018/OperationaConsumption-definition--- 2018 update.pdf.

20 Network adequacy assessment uses these apshots, including any DSN outages. The snapshot data is obtained from the state estimator, which estimates
the states (such as power, voltages, and angles) of the poSyssem(EW)EStem

2! Thes snapshots do not necessarily represent the maximum loading experienced by every DSN asset, as this depends on prevailisgesy conditions such
as generation patterns, interconnector flows, and time of localised peak demand, as well as factors that isffice dynamic ratings such as local
temperature and wind speed.

22 A high export period is classified as a snapshot with high flow through the South Morang F2 500/330 kV transformer, as thiartsformer is the most
binding component limiting export to New South Wales.
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While the Victorian daily minimum demand has historically occured overnight, in 201819 itoccurred during
the afternoon for the first time. This trend is expected tocontinue in future yearsas minimum demand levels
are increasingly driven by rooftop solar penetration. To represent tisitransition,both overnight and
afternoon minimum demand snapshots have been considered in this sectiéh

Table2 ~ Summary of operating conditions

Maximum Minimum Minimum High export from High wind
demand demand demand (day) Victoria snapshot
snapshot (overnight) snapshot snapshot

snapshot

Date and time A 24 January2019 18November 2018 28 October 2018 15August2018 14 April 2018
18:0048 04:0117 13:3118 07:0117 10:31:18

Victorian 9,328 MW 3,539 MW 3,484 MW 5,659 MW 4,906 MW
operational

demand at time of

snapshot B

Sum of Victorian 8,879 MW 3,484 MW 3,460 MW 5,521 MW 4,718 MW
loads at time of
snapshot

Sum of Victorian 8,327 MW 3,285 MW 3,854 MW 6,467 MW 5,311 MW
generation at time
of snapshot

Sum of total 9,017 MW 3,775 MW 4,312 MW 7,174 MW 5,772 MW
Victorian available

generation

capacity at time of

snapshot ©

Temperature in 40.5 °C 10.2 °C 15.7 °C 12.9°C 13.2°C
Melbourne

Power flow from -64 MW -53 MW 207 MW -337 MW -404 MW
Victoria to South

Australia

(Heywood

Interconnector)

Power flow from 35 MW 0 MW 43 MW -54 MW 0 MW
Victoria to South

Australia

(Murraylink)

Power flow from 459 MW -157 MW -397 MW 480 MW 0 MW
Tasmania to
Victoria

Power flow from -344 MW -370 MW -310 MW 1,605 MW 818 MW
Victoria to New
South Wales

Reliability and 180 MW (VIC) 0 MW 0 MW 0 MW 0 MW

Emergency
Reserve Trader 216 MW (SA)

(RERT)

23 Reducing minimum demand and its shift to day periods is discussed in Secti¢h6.
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Maximum Minimum Minimum High export from High wind
demand demand demand (day) Victoria snapshot
snapshot (overnight) snapshot snapshot

snapshot

Victorian
renewable
generation

Wind 354 MW

330 MW

145 MW 1,071 MW 1,184 MW
Solar 156 MW 3 MW 100 MW 0 MW 0 MW
Hydro 2,097 MW 0 MW 25 MW 1,031 MW 29 MW

Rooftop PV 229 MW 0 MW 1,026 MW 0 MW 154 MW

25 MW 0 MW 0 MW 0 MW 0 MW

System security Potential overload  Lines deenergised System normal, no System normal, no  System normal, no
of the Dederang to  and unit directed contingency contingency contingency
South Morang online to manage overloads overloads overloads
330KV line for voltage due to low
parallel lineloss demand and

Load shedding to multiple generator
maintain security. outages

A. All values listed, egluding temperature, are the values measured at the exact time of each snapshot for the region of Victoria.
B. Operational demand is the sum of all Victorian loads and network losses.
C.Available generation capacity is the maximum capacity (MW output)tahe time of the snapshot. It does not include capacity from

generators that were out of service at the time. It reflects the maximum target a generator can be requested to reach withengiven
dispatch interval, and is equal to generation for all semscheduled and non-scheduled generators.

221 Maximum demand snapshot

This snapshot captures the conditions when many network elementexperiencetheir maximum loading for
the year. The discussion in thidgs complemented by additional information provided in the historical DSN
rating and loading workbook?.

Figure 2represents the prevailing conditions at the time ofmaximum operational demandin Victoria
(6:01pm on 24 January2019, and shows the following scenario:

l

71%(6,348 MW) of the total Victorian demand 8,879 MW) was concentrated in Greater Melbourne
and Geelong.

Most of the Victorian generation 62%) originated from the Eastern Corridor.

Net power flow from New South Wales toVictoria was limited at 344 MW due to thermal limitations. This
comprised animport of 228 MW from Murray and Wodonga and 116 MW fromBuronga on the New
South Walesd Victoria interconnector. Refer toSection 4.4.1for further detail on thermal limitations on
New South Wales to Victoria import capability, and options to address these limitations.

Net power flow from South Australia to Victoriawas29 MW, comprised ofimport of 64 MW on the
Heywood Interconnector and export of35 MW on the Murraylink interconnector.

Power flow from Tasmania to Victoriawas459 MW via the Basslink interconnector.

180 MW ofReliability and Emergency Reserve Trader (RE)was dispatched in Victoria, and 216 MWvas
dispatched in Suth Australia

24

For the maximum demand snapshot ratings and loadings, selettps://www.aemo.com.au/Electricity/Nationai Electricity Market-NEM/Planning-and-
forecasting/Victorian-transmission network-service provider-role/Victorian- Annual Planning Report
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1 Power flow on the New South Wales Victoria interconnector and Murraylinkexceeded transfer limits at
the time of this snapshot, and load shedding subsequently occurred to maintain power system security

(seeSection 2.3 for further detail on this load shedding event).

Figure 2 Maximum demand snapshot: generation, load, and interconnector flow
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Note that during this maximum demand snapshot:

1 There was229 MW of rooftop PV generation, serving 2.5% of end user demand

1 There was2,608 MW of renewable generation (31.3%of total Victorian generation), comprised of
non-scheduled wind 1 MW), dispatched wind 834 MW), dispatched solar {56 MW), and hydroelectric
generation (2,097 MW).

1 There was alsd25 MW of generation supplied by battery storage.

The actual maximum demand of9,328 MW was slightly lower than the 50% probability of exceedance (POE)
maximum demand forecast of 9,446 MW. The 10% POE maximum demand forecast was 10,227%RI\his
snapshot occurred during an incident in Victoria where RERT was activated, ajugt prior to a declaredLack
of Reserve [LOR 3?7 and subsequent load shedding AEMO estimates that, iRERT and load shedding were
not required, maximum demand would hae reached approximately9,746 MW, exceedng the 50% POE
forecast but stillbeing significantly less than the 10% POE forecast.

25 POE is the likelihood that a demand forecast will be met or exceeded. A 10% POE maximum demand projection is expected to keeeded, on average,
one year in 10, while a 50% POE forecast is based on average weather and is expected to be exceeded, on gecevery second year.
26 For maximum demand forecasts, seéttp:/forecasting.aemo.com.au/Electricity/MaximumDemand/Operational

27 LORnotices are issued by AEMO to ingtate to market participants a tightening in available supply reserves, with notices increasing from LQRo LOR3
to give clear signals that the system is approaching a point where AEMO, as operator, would need to shed load to avoid systkrss SeeNERrule 4.8.4

for definitions.
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Further, if no intervention/load shedding had occurred over 24 and 25 January, the moment of highest
network stress (due to a canbination of estimated peak customer load ard peak temperature) would have
occurred on 25 January att00 pm (rather than 24 January at 6:01 pmPeak demand normally occurs later in
the day, however a cool front early in the afternoon meant temperaturesn Victoria (and therefore electricity
demand in Victoria) peaked earlier on this day. The load shedding incident that occurred on 24 and 25

January is discussed iSection2.3.

2.2.2 Minimum demand (day) snapshot

This snapshot captures conditionsunder which voltages may exceed operating limitsFigure 3presents the
prevailing conditions at the time of minimum demand in Victoria (1:31 pmon 28 October 2018. This is the
first time that annual minimum demand has occurred during the afternoon rather than overnight (although it
may have also occurred during the afternoon in 201718 if not for anunplanned Alcoa Portland (APD) outage
in the early morning of 12 November 2017).

Thisshift from overnight to afternoon is largely the result of increased rooftop PV, which AEMO forecasts will
continue putting downward pressure onminimum demands and result in more frequent afternoon lows?®
Further details on the impactsof rooftop PV on minimum demand are discussedin Section 2.6.

Figure 3 Minimum demand (day) snapshot: generation, load, and interconnector flow
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Please note:

This map only shows terminal stations relevant to the limitations.
See relevant section figures for all terminal stations and generaing units connected to the DSN.

Figure 3shows the following scenario:
1 60% (2,074 MW) of the total Victorian demand 3,460 MW) was concentrated in Greater Melbourne
and Geelong.

28 For minimum demand forecasts, seéttp:/forecasting.aemo.com.au/Electricity/MinimumDemand/Operational
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1 Most of the Victorian generation ©1%) originated from the Eastern Corridor.

1 Net power flow from New South Wales to Victoriawas 310 MW, This comprised anmport of 278 MW
from Murray and Wodonga and 32 MW from Buronga on the New South Wales Victoria interconnector.

1 Net power flow from Victoria to South Australiawas249 MW, comprised of export of 207 MW on the
Heywood Interconnector and 43 MW on the Murraylink interconnector.

1 Power flow from Victoria to Tasmaniawas397 MW via the Basslink interconnector.
1 All interconnector flows were within their thermal limits.

Note that during this minimum demand snapshot:

1 There wasl,026 MW ofrooftop PV generation, serving 22.9% of end user demand

1 There was270 MW of renewable generation {7.0%of total Victorian generation), comprised of
non-scheduled wind 65 MW), dispatched wind 80 MW), dispatched solar {00 MW), and hydroelectric
generation (25 MW).

A review of asset loading at the time ofminimum demand showed that the Victorian DSN performed within
technical network limits for secure operation. There were no operational measures required to maintain
voltages within operating limits.

2.2.3 Minimum demand (overnight) snapshot

This snapshot capturesa condition under which voltages may exceed operating limitsThe Victorian demand

captured in this snapshot is higher tharthat presented in the previous sectionfot he 6 Mi ni mum de man
(day)snap hot 0, however assessment hasfbeenretanedintie Ral9 VAP mum de
becausethe overnight snapshot may stillrepresent the highest stress in terms of voltage control.

Figure 4represents the prevailing conditions at the time ofminimum demand (overnight) in Victoria @:01 am
on 18 November 2018 It shows:

1 58% (2,007 MW) of the total Victorian demand 3,484 MW) wasconcentrated in Greater Melbourne
and Geelong.

1 Most of the Victorian generation ©0%) originated from the Eastern Corridor.

1 Net power flow from New South Wales to Victoriawas limited to 370 MW. This comprised anmport of
310 MW fromMurray and Wodonga and 60 MW from Buronga on the New South Wales) Victoria
interconnector.

1 Net power flow from South Australia to Victoriawas 53 MW, comprised ofimport of 53 MW on the
Heywood Interconnector andO0 MW on the Murraylink interconnector.

1 Power flow from Victoria to Tasmaniawas 157 MWVvia the Basslink interconnector.
9 All interconnector flows were within their thermal limits.

Note that during this minimum demand (overnight) snapshot:

1 There wasno rooftop PV generation because the snapshot occurred before sarise.

1 There was333 MW of renewable generation (L0.1%of total Victorian generation), comprised of
non-scheduled wind (.36 MW), dispatched wind (94 MW), and no hydroelectric generation.

From 16 to 18 November 2018, including during the minimum demandayernight) snapshot, several normally
operating baseload power stations and a reactor were out of service, which reduced the available reactive
support in the Victorian system.

During this period, operational measures were applied to maintain voltagewithin operational limits,
including the de-energisation of multiple 500 kV lines, and the use of Directions to ensursufficient reactive
support was available.
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The frequency and extent of voltage control interventions has increased rapidly, and thesepeated actions
can reduce system resilience and pose additional power system security risks. In response, AEMO
commenced a RITT in May 2018 to assess the technical and economic benefits of delivey additional

reactive power support in Victoria.

In Decanber 2018, AEMO also identified an immediate gap for Network Support and Control Ancillary
Services (NSCAS) in Victofhand subsequentlyentered into a Non-Market Ancillary Service (NMAS)
agreementto address this gapin the short term while the RIFT progresses to deliver a longterm solution.

Further detailsare discussedin Section3.2.

Figure 4 Minimum demand ( over night) snapshot: generation, load, and interconnector flow
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Please note:

‘This map only shows terminal stations relevant to the limitations.
See relevant section figures for all terminal stations and generating units connected to the DSN.

224 High export snapshot
This snapshot demonstrates network conditions during times of high export from Victoria to New South
Wales, specifically through the South Morang F2 500/330 kV transformer.

This section is complementedby additional information provided in the historical DSN rating and loading

workbook®°.
Figure 5presents the prevailing conditions at the time ofhigh export from Victoria to New South Wales

(7:01am on 15 August 2018 It shows:

29 AEMO, 2018\ational TransmissiorNetwork Development PlaNTNDP), December 2018, dtttps://www.aemo.com.au/Electricity/National Electricity-

Market-NEM/Planning and-forecasting/National- TransmissionNetwork-DevelopmentPlan
30 For the high export snapshot ratings and loadings, seéttps://www.aemo.com.au/Electricity/Nationai Electricity Market-NEM/Planning-and-

forecasting/Victorian-transmission network-service provider-role/Victorian- Annual Planning- Report
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1 66% (3,637 MW) of the total Victorian demand (6,521 MW was concentrated in Greater Melbourne
and Geelong.
1 Most of the Victorian generation ©5%) originated from the Eastern Corridor.
Net power flow from Victoria to New South Waleswas 1,605 MW This comprised arexport of 1,530 MW
from Murray and Wodonga and 75 MW to Buronga on the New South Wales) Victoria interconnector.
1 Net power flow from South Australia to Victoriawas 391 MW, comprised of import of 337 MW on the
Heywood Interconnector and54 MW on the Murraylink interconnector.

1 Power flow from Tasmania to Victoriawas480 MW via the Basslink interconnector.
1 All interconnector flows were within their thermal limits.

Note that during this high export snapshot:
1 There wasno rooftop PV generation because the snapshot occurred before sunrise

1 There was2,103 MWof renewable generation 82.5%of total Victorian generation), comprised of
non-scheduled wind 885 MW), dispatched wind 686 MW), and hydroelectric generation {031 MW.

An assessmenbf asset loading at the time ofhigh export revealsthat the Victorian DSN performed within
technical network limits for secure operation.

Figure 5 High export snapshot: generation, load, and interconnect or flow
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Please note:

This map only shows terminal stations relevant to the imitations.
See relevant section figures for all terminal stations and generating units connected to the DSN.

2.2.5 High wind snapshot

The high wind snapshot captures conditions under which the Victorian networkxperiencedhigh wind
generation output. Key summary indicators are providd in Table 2
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Operational demand at the time of the snapshot was neither high enough to cause risk of thermal overload,
nor low enough to develop the potential of over-voltages. This highlights that there was no significant visible
stress on the networkdue to high wind generation.

The level of renewable generation penetration is expected to increase in Victoria to meéte VRET. The
majority of renewable generation connection interest is inVestern Victoria, where interest currently exceeds
transmission capacity.

AEMO is progressing the Western Victoria Renewable Integration RTwhich seekgo reduce emerging
constraints in the Western Victorian transmission networky reducing local congestion for existing and
anticipated low-cost generation projects in this part of the state. Details on this RIT are presented in
Section3.1 Further detail on challenges associated with increased connections is presented in Chapger

23 Victorian power system revi

Over the 12month review period®, the DSN was operated in a secure and reliable operating state except for
1 Three incidents where customer load was shed to maintain power system security

0 On 25 August 2018, a lightning strikeon the Queensland to New South Wales interconnector resulted
in separation events between Queensland and New South Wales, arteétween Victoria and South
Australia?. Although the frequency standard in Victoria was not breache, the resulting supply deficit
led to a reduction in systemfrequency and subsequent load sheddingn Victoria. AEMO has
investigated this incident and is actioningrecommendations to improve system resilience during
events of this nature.

d Twodistinct load shedding events occurred on 24 and 25 January which impacted system reliabifity
This event was the result of gtreme temperature conditions in South Australia and Victoriacoupled
with unplanned reductions in supply availability(due to equipment failures andurgent plant
maintenance).

d Although AEMO dispatched all available contracted reserves through RERTand utilised all available
inter-regional transfer capacity, thereremained a supply shortfall in Victoria. To maintain power system
security, AEMO instructed load shedding in Victoria on both 24 January and 23anuary.

0 On 24 January2019,approximately 75 MW of load wasshed over atwo-hour period, while on
25 January2019,approximately 270 MW of load was shed over three-hour period.

Theseincidents are presented inTable 3

ewal

Further information on power system operffating incident

Because AEMO is responsible for operatinthe transmission network, this section does not consider
distribution network events that may have resulted in loss of supply.

31The VAPR reviews the period 1 April 2018 to 31 March 2019.

32 AEMO,Final Report® Queensland and South Australia system separation on 25 August 2Quary 2019, abttps://www.aemo.com.au/-/media/Files/
Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2018/Q&# Separation 25-August-2018 Incident Report.pdf.

33 AEMO,Load Shedding in Victoria on 24 and 25 January 2Q2gril 2019, athttp://www.aemo.com.au/-/media/Files/Electricity/NEM/
Market_Notices_and_Events/Power_System_Incident Reports/2019/E8aedding-in-VIGon-24-and-25-January2019.pdf

340n 24 January 2019, up to 180 MW of unscheduled reserves from nine RERT contracts in Victoria and 216 MW of unscheduled/essigom two RERT
contracts in South Australia were activated between 4:00 pm and 10:30 pm. On 25 January, up to 454 MW of unsalled reserves from all 10 available
RERT contracts in Victoria were activated between 9:00 am and 4:30 pm.

35 Seehttps://www.aemo.com.au/Electricity/National Electricity Market- NEM/Market-notices-and-events/Power System Operating-Incident- Reports
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Table 3  Summary of significant reviewable power system incidents during 2018 -19

25 August 2018 Queensland and South Australisystem Combined 997.3 MW customer load reduction
separation in Victoria and New South Wales

24-25 January 2019 Load shedding in Victoria 75 MW customer load reduction on 24 January

270 MW customer load reduction on 25Januay

Consstent with NER clause S5.1.2, AEMO plans, desigarsd maintains the Victorian DSNlo meet system
normal conditions and following any single credible contingency event. While the above events impacted
power system security and reliability, they ocurred under conditions more severe than the credible
contingency events stipulated in the NERor with multiple prior outages in effect.

AEMO continues to review the probability and severity of such events to refine the operating envelope
considered in its Victorian Electricity Planning Approach

24 I nterconnector €la@pability over
An interconnectords capability depends on the perfor me
Noti onal interconnect or ihtéraonnéctor capabilitiedreport’.Auetailedi n AEMOG s
summary of the capability and | imits of each interconn

Annual NEM Constraint Report¥.

Table 4provides an indication of interconnector utilisation andshowsthere has beena decrease inthe
duration of energy exports from Victoriaover the last two yearsd consistent withthe closure ofthe
Hazelwood Power Station in 2017

Table 4  Percentage (%) of time interconnector is exporting energy from Victoria

Interconnector 5-year average before 2017-18 2018-19
Hazelwood closure

Victoria d New South Wales interconnector
Heywood Interconnector

Murraylink
Victoria (Net)

While still lower than the fiveyear average, the duration of energy exports from Victoria increased in 20189
compared to the previous year. This increase was due to an increase in renewable generation connections
(see Sectiord.2 for more detail on connections since the 2018 VAPR).

36 AEMO, Victorian Electricity Planning Approachat https://www.aemo.com.auk
/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2016/Victoriakectricity Planning- Approach.pdf.

37 AEMO, Interconnector Capabilities Reparat https://www.aemo.com.au-/media/Files/Electricity NEM/Security _and_Reliability/Congestien
Information/2017/Interconnector Capabilities.pdf

38 Monthly and Annual NEM Constraint reports for the calendar year are available through the Statistical Reporting Streams pagethe AEMO website, at
https://www.aemo.com.au/Electricity/Nationai Electricity Market- NEM/Security and-reliability/Congestion-information/Statistical Reporting- Streams
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AEMO expects that this trend of increasing exports will continue as new renewable generation is connected
to meet the VRET. AEMO andransGrid have also jointly commenced a RIT project to further improve
power transfers from Victoria to New South Wales. SectioB.3 provides more detail on the purpose and
status of this RITT project.

The supplydemand balance remained tight in Victoriaduring 201819, with bothRERTand load shedding
activated to maintain system securityin January 2019While these events were theaesult of extreme weather
conditions and multiple unplanned plant outages, further increases to Victorian import capabilities would
enable better utilisation of spare reserves in neighbouring regions during such events.

Section 4.4.1provides further consideration of the existingthermal import limitations from New South Wales
to Victoria, while Section4.4.2 discusses potential futureworksto significantlyincreasenetwork capacity
between the two regions

The Heywood Interconnector continues to operate below its maximum design limit of 650 MW in both
directions, due to stabilty riskswhich were identified following the South Australia systenblack event®®. The
maximum transfercurrently allowed is 600 MW from Victoria to South Australia, and 500 MW from South
Australia to Victoria. A testing program is ongoing and the current capacity limit will be increasedonce
residual operational concerns are fully addressed for both steadgtate and transient conditions.

25 I mpact of Victorian transmissi

Table 5summarisesthe binding constraints on the Victorian transmission system which resulted in the

highest market impacs in the 2018calendar year Comparisonvalues are also shown fo2017 This is a subset

of the detailed constrainte quat i on i nformation provided in AEMO&s Anrt
and 20188,

In 2018, the constraint equation with the largest markeimpact (V>>V_NIL_1xrestricts flow on the Murrayd
Dederang 330 KV lines for loss of the parallel line. The market impact of this constraint has increased
significantly since 2017 due to several periods of high demand in Victoria coupled with high lewebf Murray
generation increasing utilisation of the Murrayd Dederang 330 kV lines.

This constraint can also act to restrict imports into Victoria, and AEMO is currently exploring options to
increase import capability from New South Wales. Sgion 4.4.1provides further details on these incremental
works, while Sectiord.4.2 discusses potential options that significantly increase network capacity between the
two regions.

Constraint equations 5 and 8 restricted Victori®d New South Wales export, although the market impact of
these constraints decreased in 2018. While the intercaector spent more total hours exporting during 2018
(see Section2.4), it spent less time exporting at its limit. AEMO and TransGrid are jointly progressing a RTT
project to improve exports from Victoria to New South Wales by further relieving these constrats.

Section 3.3 provides more information on the purpose and status of this RAT.

Constraint equation 7 restricts export from Victoria to South Australia. This cotraint equation represents a

600 MW limit to avoid overloading the Heywood Interconnector, and has been applied as part of the test

program for the Heywood I nterconnector upgrade. This c
2018 as the Heywoodnterconnector operated at its limitin 2018for less timethan in 2017.

39 AEMO,Black System in South Australia, 28 September 20¥éych 2017, listed under 2016 reports dtttps://www.aemo.com.au/Electricity/National
Electricity Market-NEM/Market- notices-and- events/Power System Operating-Incident- Reports
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Equations with persistent market impacts in both 2017 and 2018

1

V>>V_NIL_1x 12 $294 $525,711 To avoid overloading either Murray to Dederang
330KV lines fora trip of the parallel line when the
DBUSSLine control scheme is enabled.

V>SMLARHO1 50 $272,270 To avoid overloading or voltage collapse on the
Buronga to Balranald to Darlington Point(X5)220 kV
line for a trip of the Bendigo to Kerang 220kV line,
when either Ararat to Crowlands 220kV or Crowlands
to Horsham 220 kV lines are not available.

V>>V_NIL_8 1 12 $210 $200,213 To avoid overloading the Dederang to Wodonga
330KkV line for a trip of the Lower Tumut to Wagga
330KV line and multiple 132 kV lines from Yass.

VASML_NSWRB_2 53 60 $441,280 $151,776 To avoid voltage collapse for loss of Darlington Pt to
Buronga (X5) 220 kV line when the NSW Murraylink
runback scheme is not available.

ViN_NIL_xxx 625 271 $181,973 $115,464 To prevent transient instability for a trip of a Hazelwood
0 South Morang 500 kV line.

VAN_NIL_18 68 $57,329 To avoid voltage collapse around Murray for loss of all
APD potlines.

V:S_600_HY_TES 289 90 $659,212 $48,946 600 MW limit on VIC to SA transfer on Heywood with

_DYN dynamic headroom.

V>>V_NIL_2A R 312 145 $143,897 $43,440 To avoid overloading the South Morang F2 transformer

& when Yallourn Unit 1 is in 220 kV mode and Hazelwood

V>>V_NIL_2B R is operating in radial mode.

&V>>V_NIL_2 P

V::N_SETB_xxx 85 $41,780 To prevent transient instability for a trip of a Hazelwood
0 South Morang 500 kV ine when a South East to
Tailem Bend 275 kV line is not available.

V>>N-NIL_HA 13 30 $8,228 $24,066 To avoid overloading the Murray to Upper Tumut
330KV line for a trip of the Murray to Lower Tumut
33 kV line.

i ~ o I w N [
o

Total 1294 823  $1,435,094 $1,480,995

A. The market impact of a constraint is derived by summarising the marginal value for each dispatch interval from the mardicanstraint
cost re-run over the period considered.
B. This stability limit was introduced in August 2018, hence there was nanet impact in 2017

It is also noted that the market impact of:

=

Constraint equation 2 was significant in 2018 due to multiple outages of the Arara& Horsham 220 kV line
prior to Crowlands Terminal Station commissioning in 2018 and Arar& Crowlands orCrowlandsd
Horsham 220 kV linesafter commissioning. There was no market impact in 2017 because there were no
Ararat d Horsham 220 kV line outages.

]

Constraint equation 3 increased in 2017 due to several occurrences of combined high flow on the
Dederang 6 Wodonga 330 kV line, Lower Tumu® Wagga 330 kV line, Yas$ Wagga 132 kV line, and Yass
0 Murrumbrah 132 kV line.

=

Constraint equation 4 did not change significantly
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1 Constraint equation 6 was newly introduced in August 2018.

i Constraint equation 9 wasmore significant in 2018 due to multiple outages of a South Easi Tailem Bend
275kV line. There were no outages of a South East Tailem Bend 275 kV line in 2017 and hence no
market impact.

1 Constraint equation 10increased in 2018 due to the increastduration of Victoria d New South Wales
exports as a result of more renewable generation connections in Victoria.

2.6 | mpact of changing generation

Strong investor interest in western parts oWictoria is shifting the geographic diversity of supply sources away
from the Latrobe Valley, whilethe increasing penetration of non-synchronous generation is changing the
technical characteristics of the systemOverlaid on this, consumer response through investmernn DER (such
as rooftop PV) is continuing to change the patterns of network flows within the state.

This section reviews network performance under higlevels ofrenewable generation output, and investigates
the effects on demand and network operation.This section considers

1 Frequency of reverse flonoccurrences(from the distribution network into the DSN) as a result of
renewable generation connected to the distribution system and behinethe-meter (customer premises).

1 Impact of rooftop PV on regional demand, and subsequent challenges it may pose to the network.

Reverse flows

The frequency and magnitude of reverse power flows continues to increase in Victoria, with moterminal
stations experiencing reverse flows in 20189 than previousy observed In some cases, terminal stations that
have historically behaved as net loads are behaving increasingly like net generation sourc&sis is due to an
increase inthe volume and geographic distribution of generators connecting at the sub-transmission and
distribution level. Section4.2 provides more detail on new generator connections since the2018VAPR.

Table 6outlines the number of hours that reverse flowsoccurred at the five terminal stations which
experienced the most significant reverse flows during 20189.Key observations relating to these assets
include that:

1 Kerang 220/66/22 kV transformers experienced net flows onto the transmission system 27% of the time
during 201819 (compared to 0% in 201-718). This follows the connection of Gannawarra Solar Farm in
October 2018.

1 Terang 220/66 kV transformers experiencedet flows onto the transmission system 19% of the time
during 201819 (compared to 1% in 20%18). This follows connection of Salt Creek Wind Farim July 2018.

1 Horsham 220/66 kV transformers experienced net flows onto the transmission system 16% of tti@e
during 201819 (compared to 5% in 201-7218). This followsonnection of Kiata Wind Farm inlate 2017

1 Wemen 220/66 kV transformes experienced net flows onto the transmission system 14% of the time
during 201819 (compared to @6 in 201718). This follavs connection of Bannerton Solar Park, which is
currently undergoing commissioning

1 Red Cliffs 220/6622 kV transformers experienced net flows onto the transmission systeds of the time
during 2018 19 (compared to 0% in 201718) This followsconnection of Karadoc Solar Farm irMarch 2019

These insights confirm the impact that changes in the distribution and suttransmission network are having
at a transmission level. As these effects continue to grow and change, they will present new operational and
network planning challenges.
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Table 6 Number of hours reverse flows occurred at identified locations

Kerang

2017-18 0 hrs 0 hrs 0 hrs 0 hrs 0 hrs

2018-19 308 hrs 485.5 hrs 812.5 hrs 802.5 hrs 2,408.5 hrs

Terang

2014-15 13hrs 0 hrs 7.5 hrs 10.5 hrs 31 hrs

2015-16 25.5 hrs 9.5 hrs 5.5 hrs 6 hrs 46.5 hrs

2016-17 37.5 hrs 9.5 hrs 43.5 hrs 25 hrs 115.5 hrs

2017-18 35.5 hrs 8 hrs 24 hrs 20 hrs 87.5 hrs

2018-19 211 hrs  575.5 hrs 500.5 hrs 367.5 hrs 1654.5 hrs

Horsham

2016-17 0 hrs 0 hrs O hrs 0 hrs Ohrs

2017-18 187hrs 0 hrs Ohrs 283 hrs 470 hrs

2018-19 299 hrs 441hrs 472.5hrs 230 hrs 1442.5hrs

Wemen

2017-18 0 hrs 0 hrs O hrs 0 hrs Ohrs
-19 256 hrs 0 hrs 276.5hrs 733.5hrs 1,266 hrs

Red Cliffs

2017-18 0 hrs 0 hrs O hrs 0 hrs O hrs

2018-19 57 hrs 0 hrs 33.5hrs 235 hrs 325.5hrs

A. The total hours differ from the values published in the 2018 VAPR due to an update to the calculation methodology.

Strong coordination is important between TNSPs and distribution network service providers (DNSPs) to
monitor and manage thesechanging flow patterns. AEMO is currently undertaking a review of existing asset
control schemes in Victoria to revalidate their underlying assumptionsnd ensurethey remain fit-for-
purpose.

Impact of rooftop PV on minimum demand

Rooftop PV has the greatest impact onoperational demand between 8:00am and 5:00 pm, reducing already
low demands in the early afternoon, and contributing to reductions in the morning awl late afternoon peaks.

Rooftop PV penetration in Victoria increased by more than 400 MWbetween December 2017and
March 2019 with a peak rooftop PV output of approximately 1,150 MWat 12:30 pm on 7 March 2019.

Asdiscussedin Section 2.2.2 this increasing penetration ofrooftop PV hasalreadyresulted in a shift of
Victorian minimum demand from overnight to the early afternoon. At the time of minimum demand in
201819, rooftop PV had an aggregateoutput of over 1,000 MW. Without rooftop PV, minimum demand
would have occurred at 4:00am instead of 1:30pm on this day, as illustrated inFigure 6
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Figure 6 Victorian d emand profile of 2018 -19 minimum demand day (28 October 2018)
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During 201819, there were 12 occurrences where the daily minimum demand occurred between 11aB®and
2:30 pm. During these 12 eventsiooftop PV had an aggregate output of 800 MW or above, and nine of these
eventsoccurred between Septemberand November 2018

With initiatives such as the Solar Homescheme®, Vi ct ori ads i nst al wilcdntinueotm f t op PV
grow, and AEMOprojects a continued trend of reducing minimum demands*. This presents operational

challenges for maintaining system voltages, and AEMO has identified an associated NSCAS dagction 3.2
provides more detail on AEMO®6s current works to delive

40 For more information, seehttps://www.solar.vic.gov.au/
“1For minimum demand forecasts, sedttp://forecasting.aemo.com.au/Electricity/MinimumDemand/Operational
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3. Network developments

This chapter summarisesietwork investmentactivitiessince June 2018hat facilitate the

integration of new renewable generation and support Victorian power system security and

reliability. These activitiesbuild on the nationally-optimised investment plan developed in

A E MOARS ISP

Key network development insights

The energy landscape in Victoria is undergoingignificantchange. Strong investor interest in western
parts of the state is shifting the geographiclocation of supply away from the Latrobe Valley, while
increasing penetration of nonsynchronous generation is changing the technical characteristics of the
system.Overlaid on this, increasing adoption of DER is impacting the nature of demanénd raising new
challenges associated with changes in flow directions and voltage control.

In response to these changes, and consistent with the findings of the 2018 VAPR, 2038B, and 2018
National Transmission Network Development PlaiNTNDP), AEMQs:

9 Progressng a RIFT to reduce network congestion and potentially facilitate connection of additional
generation in Western Victoria. AEMOntends to publish the Project Assessrant Conclusions Report
(PACRin July 2019.

i1 Progressinga RIFT to increasepower transfer capability from Victoria to New South Wales, improving

utilisation of renewable generation in the southern states, and supporting continuedystemreliability.
AEMOintends to publish aPADRIn the third quarter of 2019.

9 Progressinga RIFT to deliver additional reactive support in Victoria to alleviate voltage control issues
at times of low demand. A PADR was published in June 2019 and identifies that 500 mega\eniperes
o reactive (MVAr) of strategically placed reactive plant would deliver the highest net market benefits.

Stakeholdersubmissiors on the PADRclose in August 2019.

i Addressing an identified gap for NSCAS through ahort-term, six month agreement for NMAS.
Thisservice provides voltage support during periods of low demand in the region. AEMO ialso
tendering for further interim NMAS serviceswhile the ReactivePower RIT-T progresses todeliver
a long-term solution.

Neighbouring TNSPs are also experieriieg similar challenges and are progressingheir own investment
projects that could impact flows within the Victorian DSN. These projects includdevelopment of:

I A second Bass Strait interconnector (Marinus Link) between Tasmania and Victoria, with a cafpyaof
up to 1,200 MW. TasNetworkss currently progressing this through the first stage of theProject
Marinus RIFT.

1 A new interconnector between South Australia and New South Wales (EnergyConnect), witmational

capacity of up to 800 MW. ElectraNethas concluded the RIFT for this project, andis progressing with
final regulatory approvals.

1 For completeness, an update on the status of these projects has also been included in this chapter.
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The following sections summarise the progress of key networétevelopment projects relevar to the DSN.

Chapter 4 providesmore detail on the Victorian Planning methodology and other key inputsand
assumptions used in Victorian RHTs? and pre-feasibility/feasibility studies.

31 WestetoRéimewabl e RRtegration

The Western Victoria region is an attractive location for new renewable generation, due to the quality éfcal
renewable energy resources, namely wind and solaHowever, the transmission infrastructure in this region is
insufficient to allow efficient access to new generation seeking to connect to it.

Around 2,000 MW of committed new renewable generationare expected tobe built in the Western Victoria
region by 2020. AEMO projects that a further 3,000 MW of new generation will be constructed in the region
by 2025, based on proposed new conned®tions and the Vioc

In response, AEMO initiated a RFT process to assess the technical and economic benefits of increasing
transmission network capacity in Western Victoria. In April 2017, AEMO published a PSCR that described the
underlying need and the potential investment options available to address thiseed.

Following stakeholder consultation, in December 2018, AEMO published a PABR identify the preferred
option. Stakeholder submissions closed in February 2019, and AEMO is preparing a PACR for release in
July2019.

Detailed information on this project can be found on the AEMOwebsite*®.

The identified need

The identified need in the WesternVictoria RIFT is to increase the thermal capability of the WesterVictorian
power system, and thereby reduce constraints thatvould otherwise restrict new and existing generation. This
will deliver marketbenefits (that is, an increase in consumer and producer surplus) through reductions in the
capital cost and dispatch cost of generation over thdong term.

The key emerging constraints covered by this RIAT are the thermal constraints on the 22V Bulganad
Ballarat (via Crowlands, Ararat and Waubra& Moorabool (via Elaine)path.

The preferred option

The PADRanalysisidentifies that the preferred option comprises:

1 Construction of new double circuit 500 kV transmission line from Sydenham to Ballarat
9 Construction of a new 220 kV double circuit line from Ballarat to Bulgana

1 New wind monitoring and upgraded terminal station equipment that currently limits the thermal rating of
220 kV transmission lines aRed Cliffs to Wemen to Kerang, Bendigo to Kerang, Moorabool to Terang,
and Ballarat to Terang.

This option, shown inFigure 7, carries the highest net market benefits when weighted across all reasonable
scenarios, and under most sensitivitiesTlhe PADR estimates that theption delivers net market benefits of
$80 million (in present value terms).

42 For more information about RIT-T projects and the RITT process see the Australian Energy Regulator (AER) application guidelines, at
https://www.aer.gov.au/networks pipelines/guidelines schemesmodels-reviews/rit-t-and-rit- d-application-guidelines-2018

“®For details, s e e A E MOwviebpags,eatintepr/vawwiaemo.com mu/EdectnmisyMNationat Electricity Market-NEM/Planning-and-
forecasting/Generationinformation. Definitions of proposed and committed generation are under the Background Information tab in each regional
spreadsheet on this webpage.

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

45 At https://www.aemo.com.au/Electricity/Nationai Electricity Market-NEM/Planning-and-forecasting/Victorian-transmisson-network-service provider-
role/RITT
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Figure 7 Preferred option 0 Western Vict oria Renewable Integration RIT -T
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The proposed timing for completion of the minor wind monitoring and terminal station upgrade works is
2021, while theproposed timing for delivery of the new lines is assumed to be 2025, subject to relevant
easement acqusitions and planning/environmental approval processes.

Other c redible options assessed

The RITT hasconsidered all credibleoptions and their combinations, including minor augmentations, new
transmission lines (with different voltage levels and line raes), existing transmission line upgrades, and
potential non-network options. Seethe PADRS® for more information on the credible options considered

32 Victorian Reactivle Power Suppor

Under minimum demand conditions, and without operator intervention,high voltages can occur on the
Victorian transmission network. Shorterm operational measures, suctas network reconfiguration by
de-energising transmission lines, have become necessary during these periods to maintain voltages within
operational limits.

The frequency and severity of these voltage control interventions has increased rapidly, and continued
reliance on such measures wiltesult in higher market costsyreduced system resilienceand higher system
security risks. Forecast reductions in mininta demand over the next 10 years will further exacerbate this
issue.

46 At https://www.aemo.com.auk/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2018/West#&fictoria-Renewable
Integration-RIFT-PADR.PDF
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In response, AEMO initiated a RFT process to assess the technical and economic benefits of delivering
additional reactive power support in Victoria. In May 2018, AEMO published a PSCkat described the
underlying need and the potential investment options available to address this need.

Following stakeholder consultation, AEMO published a PADRIn June 201%o0 identify the preferred option.
Stakeholder submissions on this report ar@pen until August 2019.

The identified need

The identified needin the ReactivePowerRIT T is to maintain voltages within operational and design limits
during minimum demand periods, and to maintain the power system in a satisfactory and secure operating
state. This investment will deliver net benefits through reduced market costs associated with operator
intervention and non-market ancillary services over the longerm.

The key limiting locations covered by this RFIT are network elementsaround Geelong, Keilor, Portland and
Moorabool due to lightly loaded transmission lines in the SouthWest corridor under low demand conditions.

The preferred option

The RITT analysis identifies that the preferred option comprises:

1 Two 100 MVAr 220 kV reactors at Keit Terminal Station.

1 Two 100 MVAr 220 kV reactors at Moorabool Terminal Station.

1 A single +200/-100 MVAr 330 kV synchronous condenser at South Morang Terminal Station.

This option carries the highest net market benefits when weighted across all reasonadcenarios, and is
estimated to deliver net market benefits of $89 million (in present value terms). This option has an optimal
staged investment timing between 2021 and 2023.

Other c redible options assessed

The RITT considered all credibleoptions and their combinations including, both static and dynamic plant
types; and equipment of varying sizes, locations, and voltage levels. The RITalso considered possitg
non-network options, such as demand responseadditional reactive capacity from grid connected
generators, and storage technologies.

Refer to the PADRfor more information on the credible options consideredand their relativities

Addressing the interim need

The 2018 NTNDP identified that operator actions in response to high voltages in Victoria were becoming
increasingly frequent and onerous, reducing system resilience, and potentially increasing system security risks.

The NTNDP declareal this an NSCAS gapand in March 2019, AEMO entered into @&ixmonth NMAS
agreement for voltage support services.

AEMO is currently tendering for additional reactive support services to take effect from September 20499
and is seeking proponents capable of absorbing at least50 MVAr of reactive power on request, and
primarily during low demand conditions. This service will be used to address the NSCAS gap while the
Reactive Power Support RFTT progresses to deliver a longterm network solution.

47 At http://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2018/Victori@active- power-support-RIT
T-PSCR.pdf

48 At https://www.aemo.com.au/Electricity/Nationai Electricity Market-NEM/Planning-and-forecasting/Victorian- transmission network-service provider-
role/Regulatory-investmenttests-for-transmission

“9At www.aemo.com.au/Electricity/NationalElectricity Market- NEM/Planning-and-forecasting/Victorian-transmissior network-service provider-
role/Invitation-to-Tender-for-NMAS- Reactive Power-Support-in-VIC
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33 Victoria to Nretwe rSoan Wa\RNMID re s

A E M O2 B3 ISP identified further development of the Victoria to New South Wales interconnector as a
priority project. In particular, the ISP found thainvestment to increase transfer capability by approximately
170 MWwould capture positive net market benefits through more efficient sharing of generation resources
between states. This stronger interconnectiorrould also help improve the reliability and resilience of the
power system.

In mid-2018,AEMO and TransGridointly initiated a RITFT to assessnetwork and non-network options that
are considered technically and economically feasible to increase Victorian transfer capacity to New South
Wales.A PSCR was published in November 2018 to describe the underlying need and poteral investment
options. Stakeholder submissions closed in Februa019,and AEMO ispreparing a PADR for release ithe
third quarter of 2019.

The PADRwill identify the preferred option for augmentation, quantify the expected net market benefitsand
describe theoptimal timing for investment.

The identified need

The identified needin the VNI RIFT is to alleviate current and projected limitations on power transfer
capacity from Victoria to New South WalesAn increased ability to share generatioracross this
interconnector will deliver market benefitsthrough improved system reliability and reductions in the capital
cost and dispatch cost of generation over the longterm.

Transfer capabilitybetween Victoria andNew South Wales is currently limitedy:

1 Thermal capacity of the 500/330 kV transformer at South Morang.

1 Thermal capacity of the 330 kV transmission circuits between South Morang and Dederang.

1 Thermal capacity of the 330 kV transmission circuits between the Snowy Mountain area and Sydney.
1 A Victorian transient stability limitation on transfers to avoid frequency instability.

In addition to the above limitations, there is also a newVictorian voltage stability limitation which can restrict
transfers from Victoria to New South Wales during lighload periods. This limitation was identified after the
publication of the 2018 ISP and VAPR, and its market impact is being investigated through the Riprocess.

Credible options being considered

The RITT is consideling all credible options and their combinations, including minor augmentations, new and
upgraded transmission lines, new transformers and reactive assets, and potential noetwork options. While
options that could be implemented quickly, and at a modest cost, are likely to deliver the higest net market

benefits, several larger and longeiterm options are also feasible and are being tested.

The VNI RIFT attempts to address several competing network limitations to deliver a consistent increase in
transfer capacity under a range of operatiig conditions. In particular, credible options may need to

i Provide additional thermal capacity to the existing 500/330 kV transformation at South Morang:
0 Additional 500/330 kV transformer(s) in parallel with the existing South Morang F2 transformer.
0 Repladng the existing South Morang F2 transformer with a transformer of a higher capacity.

1 Provide additional thermal capacity to the existing 33V circuits from South Morang to Dederang:

0 Uprating the South Morang & Dederang 330kV lines by conductor retensioning and associated works
(including uprating of series capacitors) to allow the line to run to thermal rating.

0 Additional 330 kV circuit(s) in parallel with the existing 33&V South Morangd Dederang lines.

50 At https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2018/VictettaNew-South-Wales
Interconnector-Upgrade-RIFT-PSCR.pdf
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0 Replacing the existing 33kV South Morangd Dederang lines with higher capacity conductors.
1 Improve stability:

0 Installing dynamic reactive plant (FACT deviggsuch as Static Var Compensation (SVC), STACOM,
synchronous condensers, and any other equivalents. In addition, AEMO will investigate the iaxt of
future network augmentations on the stability limits.

1 Provide additional thermal capacity between Snowy and Sydney:
0 Uprating the existing Canberrad Upper Tumut 330kV line.

0 Uprating the existing 330 kV lines between Snowy and Sydney (in addition Canberrad
Upper Tumut).

0 Additional 500 kV single circuit line between Snowy and Bannaby, bringing forward part of &roup 26
project in the ISPL This is an alternative to uprating existing 330 kV lines between Snowy and Sydney.

34 El ect®& aNEBET(PRO jEenetr gy Connect)

The South Australian Energy TransformationJAEY is aimed at reducing the cost of providing secure and
reliable electricity to South Australia in the near term, while facilitating longer-term transition to low
emission energy sairces.

In November 2016, ElectraNetommenced a formal RITT to test the technical and economic feasibility of
options to facilitate SAE¥2. Following extensive modelling and stakeholder consultation through the PSCR
and PADR processElectraNet releaseda PACR® in February 2019 to conclude the RFT assessmentThe
Australian Energy Regulator (AER) is now required to review the RTToutcome and issue a determination in
the coming months.

ElectraNet and TransGrid have now jointlaunched® Pr o j e ¢ t n rEecetr @,y Ctoselectedlbptiome r t he
from this RITT.

The selected option

The PACR concluded thaa new 330 kV interconnector from Robertstown in midnorth South Australia via
Buronga and through to Wagga Wagga in New South Walesvould deliver the highest net market benefits.
This option also includes an augmentation between Burongani New South Walesand Red Cliffs in Victoria.

The project is expected to deliver market benefits throughmproved electricity affordability, improved
network security, and the connection of renewable energy needed to meetfederal and statecarbon
emissions targets.

Implication s for Victorian DSN performance

In the following section, it is assumed that theselectedoption described above, and the preferred option
proposed i n AEMOOGOReneWbls IntegramonRVAT,evill lnoth ibeafully implemented.

Generally,Project EnergyConnect will improve the performance of the Victorian DSN, through the provision
of stronger interconnection between Victoria, New South Walesand South Australia This willprovide
additional supply options, and network flexibilitywhen managing DSN constraints.

However, the new interconnecor will change flow patterns and network loadings within the system,
potentially imposing additional pressure onexisting DSNassetsunder certain operating conditions

51The 2018 ISP recommended developments in three groups: Group 1 to be completed as soon as practica@leup 2 to be progressed immediately for
implementation by the mid-2020s; and Group 3 in the longer term. Group 2 investments were focused acgnhandng trade between regions, providng
access to storage, and suppoihg extensive development ofrenewable energy zones REZ3. See the 2018 ISP ditttp://www.aemo.com.au/-
/media/Files/Electricity/NEM/Planning_and_Forecasti/ISP/2018/Integrated System Plan-2018_final.pdf

52 For more information on the SAET RFT, seehttps://www.electranet.com.au/projects/southaustralian-energy-transformation/.

53Seehttps://www.electranet.com.au/wp content/uploads/projects/2016/11/SAEnergy Transformation PACR. pdf
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For example high import to Victoria from EnergyConnect combined with high levels of renewable generation
in Western Victoria,may exacerbate monitored limtations on the 220kV system between:

Red Cliffsd Horsham.

Horsham & Bulgana.

Red Cliffsd Wemem & Kerangd Bendigo.
Bendigo 0 Ballarat.

Bendigo 0 Fostervilled Shepparton.

Moorabool 8 Geelongd Keilor.

= =/ =4 4 A -4 -4

Sydenhamd Sydenham.

High export from EnergyConnectto South Australia, combined with low levels of generation inVestern

Victoria and the Latrobe Valley,could alsoresult in increased importrequirements from New South Wales

exacerbatng limitations along the Murray 6 Dederang d South Morang and Dederang 6 Shepparton &
Bendigolines. See Sectiod.4f or mor e information on AEMOOds continued
development needs between New South Walg and Victoria.

35 Tas Ne toRo j é=atr | RIdTs

The Australian Renewable Energy Agency (ARENA) and TasNetworks are currently assessing options for a

second interconnector between Victoria and Tasmania (Marinusi nk) as part of Hydro Tas
Battery of the Nation project (Project Marinusy*. Several route options are being explored through the RIAT

process thatwould impact the Victorian transmission network.

In July 2018, TasNetworks publisheal PSCR on additionalnterconnection options between Victoria and
Tasmania as the first step of the regulatory processto examine the benefitsof further electricity transmission
between the two regions.

The PSCR notes that due taliversity in customer demand, generation and storage resources between
Tasmania and the rest of the NEM, an increase in interconnection capacity betwe#re two has the potential
to realise positive net economic benefits.

All credible options identified in the PSCR relate to the construction odn additional Bass Strait

interconnector, with several different route options andtwo potential capacity levels(a new high voltage

direct current[HVYDQi nt er connector Opoled with amebwachneéw o0polaepdo
capacity of 600MW each).

Following the publication of the PSCR, TasNetworks publisheah Initial Feasibility Repof® in February 2019.
AEMO has notcorroborated the report findings. The report finds that

1 Marinus Link would be technically feasibleat a capacity of 600 MN, or at a capacity 0of1,200 MW delivered
in two 600 MW stages.

1 Marinus Link is estimated to have a capital cost of approximately $1-.8.7 billion for a 600 MW capacity
interconnector and approximately $1.93.1 billion for a 1200 MW capacityinterconnector.

1 The economic feasibility of Marinud_ink varies with commissioning date, and will alsalepend on other
assumptions made about future developments in the NEM

1 The largest factor in the economic feasibility andptimal timing of Marinus Link isexpected to be the
trajectory of coal-fired generation retirement in the NEM.

54 Further information on the Marinus Link project including the proposed timelines can be found on TasNetworks Project Marinugbsite, at
https://projectmarinus.tasnetworks.com.au/

55 Seehttps://projectmarinus.tasnetworks.com.au/wpcontent/uploads/2019/02/Initial- Feasibility Report-Project Marinus-Feb-2019. pdf
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T Under TasNetwor kds hi gh teemrojeced netreconomid heoefitdf Marinus tirkn ar i o,
is expectedto be $490 million for a 600 MW link and $480 million for a 1,200 MW link (buikt and
commissioned in two stages) from the mid2020s

1 Route options connecting the Latrobe Valley region of eastern Victoria and the Burnie or Sheffield areas of
north-west Tasmaniavould be favourable, with work continuing to identify a preferred route. The
Feasibility Report presents all credibleoute options being considered.

AEMO has conducted a highlevel assessmenbf the impact that Marinus Link might have on the Victorian
DSNif connecting in the Latrobe Valley. Preliminay studies indicate a connection at Loy Yang 500 kV or at
Hazelwood 500kV would have low impact given the existing local network infrastructure Significantincreases
in power transfers betweenVictoria and Tasmania couldout increased pressure onVictorian interconnection
with other mainland statesd potentially strengthening the case for further development of these flow paths
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4. Forecast limitations

This chapter describesemerging and monitored DSN limitations thatimpose constraints on
power transfersor result in reduced ability to meet network performance requirements.

Key network limitation insights

While AEMO is already progressing number of network development projects to address previously
identified limitations, AEMO also continues to monitor he emergence of new limitsd particularly those
that may only become significant following an unexpected change in local demand, generator
investment, or generator withdrawal.

While no new network limitations havebeen identified as triggering aformal economic assessment since
the 2018 VAPR, several new limitations have been put on heightened monitoring. In particular:

i Postfault voltage oscillation concerns have been identified in the northwest of Victoria under prior
outage conditions. AEMO is currenyf managing this through normal operational limits advice and
maintenance scheduling processes.

1 The withdrawal of further thermal plant from the Latrobe Valley may result in supply shortfalls, system
strength gaps, reactive power issues, or other consequmial power system impacts. While participants
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 nitigation strategy, AEMO has commenced preliminary studies on options to
improve interconnection with New South Wales in the longeerm, unlocking additional renewables in
Victoria and delivering reliability benefits in the event of future plant closures ithe Latrobe Valley.
AEMO expects to build on these studies to commence a formal RIT process in thenear future.

1 AEMO isundertaking detailed dynamic power system analysis tadentify any current system strength
gapsin Victoria, and those that may emerg over the coming five-year period. While no system
strength gaps haveyet been declared under system normal conditions, AEMO expects to publish a
final report detailing investigation results by the end of 2019AEMO, as the System Strength Service
Provider (SSSPjor Victoria, would then act to address anydeclared gaps.

I AEMO is undertaking a review of control schemes in Victoria tensurethey remain optimally
configured and fit-for-purpose as system operating conditions change.

41 Met hodol ogy

41.1 DSNaugmentation planning approach

To identify network augmentation needs, AEMO first investigates transmission network limitations by:

1 Reviewing historical network performance over the previous year and the periods that known constraints
were binding.

1 Revewing future network performance under a range of demand and generation scenarios considering
government policy and economic growth projections.
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For any major transmission limitations identified, AEMO performs an exploratory study, using highvel
economic assessmento identify the market benefits of relieving the transmission limitations.

AEMO undertakes joint planning with other TNSPand Victorian DNSPsto addresstransmission limitations
challenges and opportunities. Victorian joint planning outcomes have been incorporated into the limitation
summaries presented in thischapter.

AppendixABhas more information on AEMOGs tappeach.mi ssi on net w

If positive net market benefits are identified as likely, AEMO initiates a préeasibility study, using detailed
market modelling to assess the benefits from credible augmentation optionsDepending on the scale of
costs, if positive net market kenefits are projected this pre-feasibility study may lead to a RIAT.

This analysis provides signals for potential network and nenetwork development opportunities, such as
localised generation or demand response.

For more detail on the DSN planning methodology, seeA E M O\ictorian Electricity Planning Approach

42 Compl eted projects and retireme

This section describesompleted generation projects and retirements which highlight the changing nature of
the Victorian DSNand underpin the determination of new network limitations in this chapter

42.1 Network upgrades

The following projects have been completed sinceublication of the 2018 VAPR:
1 Wemen Terminal Station 2nd Transformer B2 220/6&V was commissioned in October 2018.

1 Murra Warra Terminal Station (Murra WarrdVind Farm220 kV connection) was commissioned in
February2019

1 Bulgana Terminal Station (Bulgan&Vind Farm220 kV connection) was commissioned in February 2019.

1 Crowlands TerminalStation (CrowlandsWind Farm220 kV connection) was commissioned in
September2018

1 South Morang H2 Transformerreplacement
0 Replacement of the H2 transformer with a new 700 MVA 330/220 kV transformer, designated H3
0 ExistingH2 FERRANTI 330/22KV transformerretained as a cold spare transfomer.

4.2.2 New generator connections

The following generator connections haveprogressedsince publication of the 2018 VAPR:

1 The 90MW Karadoc Solar Farm connected to the Victorian DSk March 2019v i a Power cor 6s net
Red CliffsTerminal Station

1 The 54MW Salt Creek Wind Farm connected to the Victorian DSkh July 2018at Terang Terminal Station

1 The 55 MW Gannawarra Solar Farm connected to the Victorian DSN October 2018vi a Power cor 6s
network at KerangTerminal Station

1 The 88 MW Bannerton SolarP&connected to the Victorian DSN via Po\
Terminal Station is undergoing commissioning testing.

1 The 79.95 MW Crowlands Wind Farptonnected to the Victorian DSN between Ararat andHorshams, is
undergoing commissioning testing.

5 AEMO, Victorian Electricity Planning Approaci?016 at http://www.aemo.com.au/Electricity/Policiesand-Procedures/Planning/Victorian Electricity
Planning-Approach.
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T The1l32 MW Mt Gdliborand Wind Farmc onnect ed to the Victorian DSN vi a
Terang and Geelongis undergoing commissioning testing.

1 The 225.7 MW Murra Warra Wind Farm Stage tonnected to the Victorian DSN at Murra Warrarerminal
Station, is undergoing commissioning testirg.

T The 100 MW Numurkah Solar, connected to the Victoria
Terminal Station is undergoing commissioning testing.

The above list only considers large generation projects (greatehan 30 MW capacity). There may be
additional small generation projectsembedded within the distribution network.

4.2.3 New storage connections

The following storage connections have occurred sinceublication of the 2018 VAPR:

1 The 30 MW/30 megawatt hour (MWh) Ballarat Energy Storage System connected to the Victorian DSN
November 2018at BallaratTerminal Station.

1 The 25 MW50 MWh Gannawarra Energy Storage System connected to the Victorian DSMNNovember
2018at Kerang Terminal Station

42.4 Retirements

There have been notransmission network, generation, or storageetirementsin the Victorian DSN since
publication of the 2018 VAPR.

43 Futprejects and opportunities

This sectiondescribes committed future generation projects and retirements, in addition tdindings from
AEMOG&6s annual planning review of transmission networKk

Information on committed future terminal station projects for connecting load or generation is also presented
in this section. Thi s inesforesiaplishing new trminal staioBsMOVicwridg ui d e |

43.1 Committed and potential generation projects

For generator transmission connections in Victoria, AEMO is involved in all stages of the connection process,
from pre-feasibility to completion. For geneaator distribution connections, the connecting DNSP manages the
connection process and is the main point of contact for the connection applicant.

Information on committedandp ot ent i al generation projects over the n
generation information page®®, and AEMO®&s website al so cont(gdaters an i nf
than 30 MW) generator connections®.

Since the 2018 VAPR (and as May 2019, the following generation projectshave becomecommitted
projects, meaning that they haveadvanced to the point where proponents have secured land and planning
approvals, entered into contracts for finance, ancave either started construction or set a firm date:

9 Solar (DSN connectionp Kiamal Solar Farn® Stage 1 (200 MV and 190MVAr synchronous condenser)

1 Solar (distribution connection)d Cohuna Solar Farm (27.27 MW), Wemen Solar Farm (87.75 MW), Yatpool
Solar Farm (81 MW)

57 AEMO, Guidelines for Establishing Terminal Stations in Victarz011at http://www.aemo.com.au/-/media/Files/PDF/01740018%20pdf.ashx

58 AEMO, Generation Informationweb page, athttp://www.aemo.com.au/Electricity/Planning/Relatedinformation/Generation-Information. AE MO & s
commitment criteria for generation are published under the Bickground Information tab in each regional spreadsheet

59 AEMO, Register of large generator connections, dtttp://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Planning and-
forecasting/Victorian-transmission network-service provider-role/Register-of- Large- Generator Connections
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1 Wind (DSN connection)d Bulgana Green Power Hul® Wind Farm (194 MW ), Dundonnell Wind Farm
(336 MW), Moorabool Wind Farm (320 MW), Stockyard Hill Wind Farm (532 M\W)

1 Wind (distribution connection) 8 Cherry Tree Wind Farm (57.6 MW), Lal Lal Wind Energy Elaine end
(83.6 MW), Lal Lal Wind Energy Yendon end (144.4 MW)

i Storage d Bulgana Green Power Hul® BESS (20 MW/34 MWh)

For intending connection applicants, the AEMO website contain®iif or mat i on on AEMO3s
connections’®, procedure for network augmentations to cater for new generation connectionsand the data
request approach for network data®.

4.3.2 Committed transmissionnetwork projects and retirements

The following transmissionprojects meet the criteria for committed projects, having advanced to the point
where proponents have secured land and planning approvals, entered into contracter finance, and either
started construction or set a firm date:

1 KiamalTerminal Stationd this new 220 kV terminal station facilitating the connection ofKiamal SolarFarm
is expected to becompleted in late 2019

1 Haunted GullyTerminal Stationd this new 500 kV terminal station facilitating the connection of Stockyard
Hill Wind Farmis expected to be completed inlate 2019

1 Dundonnell Terminal Station @ this new 500kV terminal station, connected to MortlakePower Stationand
facilitating the connection of Dundonnell Wind Farm is expected tobe completed in late 2019.

Refer to Chapter5 for information on the assessment process for potentiairansmission assetetirements.

4.3.3 Emerging development opportunities

The VAPR identifies opportunities to address transmission network limitatioresmerging over the next
10years where credible solutions are likely to deliver positive net market benefits.

Where possible, foreach emerging transmission limitation, AEMO provides relevant transmission terminal
station data, transmission line segment data, and new generator connections data the supporting material,
as required by the Transmission Annual Planning Report (TAPR)idelines®.

Emerging | imitations identified in  past VAPRs

The following emerging network limitations identified in the previous VAPR are now being assessed or
addressedthrough the RITTspresentedin Chapter 3.This includes:

i Ballaratd Waubra d Ararat 6 Bulgana220 kV line and Ballaratd Elained Moorabool 220 kV line thermal
limitation. Refer to Section3.1of the Western Vidoria Renewable IntegrationRIT-T for more information.

1 GreaterMelbourne and Geelongareaand south-west Victoria & maintain voltages within operational
limits during minimum demand periods. Refer to SectiorB8.2 for more information.

1 South Morang 6 Dederang 330kV line and South Morang 500/330kV transformer thermal limitation,
Victorian export transient stability limitation and voltage stability limitation. Refer toSection 3.3 for
information about the Victoria to New South Walesmterconnector (VNI) RIFT for more information.

New emerging network limitations

AEMO has conducted a combination ofpower flow modelling and economic assessments to identify any new
network limitations (beyond those identified in the2018VAPR). These studies include the committed
developments listed in Section3.2, and sensitivities with and withoutthe active network development projects

50 AEMO, Network Connectionsweb page, at http://www.aemo.com.au/Electricity/Network Connections

51 AEMO, Policy on provision of network dataweb page, at http://www.aemo.com.au/Electricity/Policiesand- Procedures/Planning/Policyon-Provision of -
Network-Data.

62 At https://www.aer.gov.au/system/files/AER%20620TAPR%20guidelines%20and%20final%20decision%22018%20December%202018.pdf
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identified above. While no newly identified limitations have tiggered a formal economic assessment since
the 2018 VAPR, several new limits have been put on heightened monitoring. These aliscussed in the
following section.

44 Monitored transmission | imitat

AEMO continues to monitor transmission network limitatios that may result in supply interruptions or
constrain generation, but for which there iseither no currently identified needs/trigger s, or where there are
not yet sufficient market benefitsto justify the cost of relieving the limitation.

The full list of Victorian monitored transmission limitations can be found inAppendix AL These limitations are
not expected to significantly impacton the electricity market within the nextfive years but may have an
eventual impact, if specificgeneration, demand, or network changes occur

For each monitored limitation, AEMO willcontinue to monitor the identified trigger conditions and progress
network development projects if these become appropriate AEMO also welcomesfeedback from
stakeholderswhere they consider that addressing anonitored transmission limitationwould currently deliver
enough market benefitsto outweigh solution costs.

44.1 Near-term New South Wales to Victoria import limitation

The 2018 VAPR identified that Victorian import capabilities from New South Wales were an emerging
development opportunity for Victoria. This import capability is constrained by thermal capacity limitatios
near Dederang, and by a voltage stability limitation that typically binds during periods of reduced availability
of Murray generating units.

While there is a shortterm driver to improve import capabilities into Victoria to support peak demand
periods, this need is likely to erode quickly as new renewable generation is installed to meet renewable
energy policy targets. In the longterm, Victorian import limitations become critical following closure of
further coal-fired generators in the Latrobe Valley. fie most recently published information indicates an
expected staged retirement of Yallourn Power Station between 2029 and 2082

AEMO has investigated the feasibility and economic merits of several shetgérm credible options, including
seeking offers frompotential service providers througha formal Expression of Interest and Invitation to
Tender processes in late 2018. This process did not identify any suitable solutions that would pass an
economic net-benefits test.

The VNI RITT, discussed in Sectio.3, does include potential thermal upgrade works that would improve
import capabilities, and two currentlyproposed Network Capability Incentive Parameter Action Pla(NCIPAP)
projects will also provide relief to these limitations. AEMO will continue to monitor the impact of these
projects, and new renewable generation connections, on the frequency and severity of Victorian import
limitations.

The identified need (ne ar-term)

The identified need is to reduce thermal and voltage stability limitations that currently limit flows from New
South Wales to Victoria. An increased ability to share generation across this interconnector would be
expected to deliver market benefis through improved system reliability. This need is likely to erode over time
as new renewable generation is connected in Victoria.

Transfer capability between New South Wales and Victoria is currently restricted by thermal limits on the:
1 Murray 6 Dederang 330 kV lines.

1 Dederang d South Morang 330 KV lines.

1 Dederang d Mount Beauty 0 Eildon 8 Thomastown 220 kV transmission path.

63 At https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Generation_Informa/Projects- Expected Closure Date.xIsx
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The Murrayd Dederang 330kV thermal limitation is expected to bind first under typical operating conditions.
However, the South Maang o Dederang 330kV line can be most limiting when temperatures in the Greater
Melbourne and Geelong area are significantly higher than those in the Snowy region. These conditions
contributed to events on 24 and 25 January 2019 (see Sectiéh3 for a description of events on these peak
demand days).

Victorian voltage stability limitations can bind ahead of these thermal limitations under some conditions,
particularly during low availability of generation units in the Snowy region.

In the longer term, the 2018 ISP identified a need for largscale network investment to strengthen transfer

capabilities in both directions between Victoria and New South Wales. Theseqjects are expected to

deliver net market benefits following commissioning of the Snowy 2.0 generation project (for the northern

network component), and following closure of additional Latrobe Valley generation (for the southern

network component). See Setion 4.4.2f or mor e i nformation on AEMOG6s contir
long-term needs.

Credible options assessed (near -term)

AEMO has investigated the feasibility of a number of short to medium options since publication of the 2018
VAPR. In particular:

1 Procurement of network support services from industrial loads to allow operation of the Murray
Dederang 330KV lines at a highe thermal rating.

0 This option has not been implemented, because the only effective industrial load is separately
contracted, and would be unable to provide this service. AEMO may reconsider this option in the
future if these contractual conditions change.

1 Procurement of network support services from generators to increase the voltage stability import limit to
Victoria from New South Wales.

0 This service would involve the provision of additional reactive support (injection). AEMO undertook
Expression ofinterestand Invitation to Tender processes with selected generators, however was not
able to justify these network support services under a nebenefits test based on the market impact of
the voltage stability limit. AEMO may reconsider this option if alterative options become available, or
the market impact of the voltage stability limit changes.

1 Network Augmentation options to increase the rating of the Dederangd South Morang 330KV line.

0 Asdiscussed in Sectior8.3, the VNI RIFT includes options to increase the thermal capacity between
Dederang and South Morang. Both the import and export benefits of upgrading this line are being
considered in the VNI RITT.

Other relevant projects that may reduce these limitations include:

1T AusNet Services®6 NCIPAP project to install reactive
impedance of (and thus power flows across) the Jinderd Wodonga 330 kV line. This project is expected
to increase the New South Wales to Victoria import capability by relieving both thermal and voltage
stability constraints.This projectis scheduled to be completed in 2019.

T TransGridds 2019 NCI PAP updatMVApRapacpoo & Waggat This prdjeats t al | a
would relieve the voltage stability limit affecting the New South Wales to Victorigmport capability. Refer
to TransGridds 2019 Annual Pl anning Report for more

In the longer term, larger network investment options may be required to strengthen transfer capabilities
between New South Wales and Victoria. Tdseneeds, and AEMO3& s pHera, mare discussedind dr e s s
more detail below.

© AEMO 2019 Victorian Annual PlanningReport 45



4.4.2 Longer-term development between Victoria and New South Wals

AEMO has assessed the potential impact of longeterm developments, particularly with respect to increases
in renewable generation and potential withdrawal of traditional thermal generation.

The 2018 ISP identified that large bdirectional capacity inceases would be beneficial between New South
Wales and Victoria by the early 2030s. These interconnector capacity increases have the potential to:

1 Reduce network congestion and unlock new lowcost renewable generation projects in keyenewable
energy zones(REZs)See Section6.3.1for more information on REZs

1 Provide better access to pumped hydro storage and provide firmness for growing levels of intenittent
renewable generation.

1 Maintain reliability of supply in Victoria and New South Wales through diversity of supply sources.

In Victoria, the majority of market benefits are expected to coincide with the retirement of further coafired
generation or declining reliability in the Latrobe Valley. Withdrawal of this planmay result in supply shortfalls,
system strength gaps, reactive power issues, or other consequential power system impacts.

While participants are expected to provide adequate notice bfore decommissioning, there are risks that a
substantial plant failure or force majeure event could cause an early or unexpected plant retirement.

The most recently published information indicates an expected staged retirement of Yallourn Power Station
between 2029 and 203%*. However, as a prudent risk mitigation strategy, AEMO has already commenced
preliminary technical studies on options that would improve transfer capability with New South Wales, and
provide resilience against uncertain future stepchanges in supply.

AEMO expects to build on these studies to commence a formal RIT process in thenear future, to identify
the most economic option to meet future interconnector needs with New South Wales

45 I ntdriimmt atchahéeageds

AEMO, throughthe VAPR analysis, has identifiedeveraltransmission limitations that may impact the network
in the interim period between now and delivery of the RIFT projects discussed in Chapter 3n addition,
AEMO has identifiedpotential challengesin operating some of the existing Victorian control schemess the
system conditions move outside their original design assumptionA EMO6s strategy for
interim limitations and challengesis described below.

Regional Victoria transmission limitations

Until the completion of the Western VictoriaRenewable IntegrationRITFT, it is anticipated that the following
network limitations may require automatic control following a credible contingency during a period of high
renewable generation in Western Victoria:

1 High overloading of the Ballaratd Waubra 220kV line for a credible contingency (Red Cliffé§ Kiamal
220KV line trip).

1 High overoading of the Ballaratd Waubra 220kV line for a credible contingency (Ballarad Waubra &
Ararat 220kV line trip).

1 Overloading of the Red Cliffsd Wemen & Kerang 220kV line for a credible contingency (Ballarad Waubra
0 Ararat 220KV line trip).

AEMOis investigating the feasibility of using control schemes to manage these limitations. The new control
schemes would aim to minimise the market impact of the above identified thermal limitations via potential
post-contingent trip of generation in the local area.

64 At https://www.aemo.com.au/-/media/Files/Electricity/NEM/Panning_and_Forecasting/Generation_Information/ProjectExpected Closure Date.xlsx
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SeveralNCIPAP projects have also been proposed to reduce the market impact of the above identified
network limitations.

Voltage management during minimum demand periods

As outlined in the 2018 NTNDP®, high voltages can occur in Victoria following cedible contingencies and in
some cases under normal (precontingent) operation during minimum demand conditions.

Operational measures, such as denergizing 500kV lines, have been applied to maintain operating voltages
during critical periods, however frequent use of these measures can reduce system resilience and pose
additional power system security risks.

The Vctorian Reactive Power Support RFT, describedin Section 3.2, will deliver a long-term solution to
address these voltage control issuesHowever, in the interim,an NSCASgap exiss for reactive support
services

In March 2019 AEMO entered a shortterm contractual arrangement for NMASto meet this need, and is
currently tendering for further NMAS servicesto deliver support until the reactive RIFT project concludes.

Existing Victorian control schemes

There are approximately 25system protection or control schemesin operation acrossthe Victorian DSN
These schemesallow the system to respond in an automated, predictable way when subjected to unusual
operating conditions or credible contingencies. In turn, this allows the system to operate more efficiently, and
with less pre contingent restrictions.

While these schemes are thoroughly designed and tested before implementation, rapid changes to the
typical operating conditions and complexity of the Victorian system are challenging some of the original
design assumptions used when developing each scheme. For examptiyring the system separation event on
25 August 20188, the Emergency Alcoa Portland Tripping (EAPT) seime operated as designed to separate
South Australia and Victoria following detection of its trigger conditions. However, this scheme and its
triggers were not originally designedto cater for the circumstances of this event.

AEMO hascommenced a full review of Victorian control schemesto ensure that these remain efficient and
fit-for-purpose as the system continues to evolve

46 | mpaatctafoutsiede Victori a

This sectionconsiders the impact of borderadjacent developments in New South Wales and South Australia
that have the potential to impact operation of the Victorian DSN Projectedincreases in committed
generation in the south-west of New South Wales will have a netwd impact, until the new South Australia to
New South Wales interconnector is commissioned.

Approximately 1 GV of newly committed generation will go into servicein south-west New South Walesy
2020. Much of this committed generation is located close to he Red Cliffsd Buronga component of the
Victorian-New South Wales interconnector.

AEMO®s as s es s mathisincieasedigenerdtienscould imcrease the severity afongestion in some
areas especially on the Red Cliff§ Wemen 6 Kerang line and he Red Cliffsd Buronga line.It is expected that
some generation in the Western Victorian regionmay be constrained during periods of high generation
output in the local area.

8 AEMO, 2018 National Transmission Network Development Plaat http://www.aemo.com.au/-/media/Files/Electricity/NEMPlanning_and_Forecasting/
NTNDP/2018/2018NTNDP.pdf

66 At https://www.aemo.com.auk/media/Files/Electricity/ NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2018/Q®A Separation25-
August-2018 Incident-Report.pdf.
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Commissioning of the new South Australia to New South Wales Interconnector (desibed in Chapter 34),
will relieve congestion, andunlock additional suppliesin south-west New South Wales anchorth-western
Victoria.

AEMOwill continue to closely monitor limitations in this area Refer to AppendixAlfor more details.

47 Systsdmength | imitations

471 Victorian fault level review

AEMO power system analysidas identified thatthe short-circuit levels of thefollowing terminal stations may
exceed their limits under certain operating conditionswithin the next five years.

Rowville 220 kV

The shortcircuit level hasincreased in 2018lue to updated impedance information following the South
Morang H1 transformer replacementAs a result, the maximum single phas¢o-ground short-circuit current
for a fault at Rowville 220 kVcould exceed limits.

Operational strategies are in place, andAEMOis working with AusNet Servicego investigate the need for any
further mitigation actions.

Thomastown 220 kV (Busl and Bus 3)

The shortcircuit level hasincreased in 2018lue to updated impedance information following the South
Morang H1 transformer replacement

As a result, both the maximum threephase and single phaseto-ground short-circuit current could exceed
limits under some network configuration. However, te short-circuit levels at Thomastown 220 kV Bu$ and
Bus3 can be managed within shortcircuit level limits in the most common operational modes.

West Melbourne 220 kV and 66 kV

The maximum single phaseto-ground short-circuit current for a fault at West Melbourne 220 kV busould
exceed the shortcircuit limit during the first three yearsof the current outlook period. In addition, the
maximum three-phase shortcircuit current for a West Melbourne 66 kVfault could exceed shortcircuit limits
in 201920 and 2020-21.

Operational strategies are in place, andAEMO s working with AusNet Services to investigate the need for any
further mitigation actions. AusNet Services hasilso reviewed the risks associated with plant items at this
terminal station and has planned remediation works to address these risks.

A committed project to replace the existing four 150 MVA 220/66 kV transformer units with three 225 MVA
transformer units s expected to be completed in 202122. This project results irthe forecast fault level
decreasng to below its limit at both West Melbourne 220kV and 66 kV.

Moorabool 220 kV

The shortcircuit level hasincreased in 2018due to new renewable generationconnections in the Western
Victoria area As a result, the maximum single phas¢o-ground short-circuit current for a Moorabool 220 kV
fault could exceed the shortcircuit limit.

Operational strategies are in place, andAEMOis working with AusNet Services to investigate the need for any
further mitigation actions.
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4.7.2 2018National Transmission Network Development PIgiNTNDP)

The 2018 NTNDF assessd the short-term system adequacy of the national transmission grid over the next
five years and identified the below findings for Victoria.

System Strength

In June 2018, AEMO published th8ystem Strength Impact Assessment Guideliffes/hich detail the system
strength assessment methodsised to determine any adverse system strength impactsThe 2018System
Strength Requirements and Fault Level Shortfakkport®® uses the concept of three phase fault level to
guantify regional system strength requirements

Based on AEMOOds system st r en gt the Vicerugrid neegtssthe msmimaan d | S P
system strength requirements under system normal conditions, and no system strength gaps have been

declared. In addition, the 2018SP projections show that the expected minimum number of synchronous units

online is consistent withminimum operating requirements.

AEMO is conducting detailed studies to review and refine the minimum requiremendefinitions, and to
consider how this requirementmight be impacted when 500 kV lines are switched out of service for
voltage control purposes.AEMO plans to publish an update of the minimum system strength requirement
at the end of 2019

AEMO, as theSSSHor Victoria, will continue to monitor and take action to address any declared system
strength shortfalls.

Voltage oscillation in  north -west Victori a

AEMO power systemstudies have confirmed that under some credible outage conditions in thaorth-west of
Victoria, a subsequent credible contingency event can cause undamped voltage oscillations with the potential
to impact system security. To prevent this, AEMO applies constraints to generation in the local area while
network outages are in effect. AEMQecently released a communiqué® describing the need for, and
application of, these constraints during planned outages.

While the VAPRplanning process isdesignedto capture emerging stability limits, the newly identified voltage
stability issuesonly manifest with multiple concurrent network elements out of serviceThis is typically beyond
the scope of standard planning assessmentsn addition, AEMO has been able to adequately reschedule
planned outages to lower impact times, and resolve secugtconcerns using dispatch constraints. Together,
the low probability of multiple outages coupled with the availability of operational solutions means that
network development options are unlikely to be economic.

However, AEMOis investigating potential cortrol scheme mechanismghat may further reduce the impact of
these limitations. AEMO will alsa@ontinue to monitor trends in these limitations which over time may change
the need for network investment through the planning process.Appendix Alprovides more details.

Credible contingency size

In Victoria and New South Wales, ew contingencieshave been identified that would requiredisconnecton
or runback (i.e.reduction of MW output) of multiple renewable generating unitsin areas where generators
are connected radially or are disconnected simultaneously due to special protection schemes.

During times of high wind generationin Victoria, this runback could represent a significant loss of generation,
and could approach the largest single contingency in the Victorian systemSuchlarge contingencies may

87 At http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Planning and-forecasting/National- TransmissionNetwork-Development-Plan

58 AEMO, System Strength Assessment Guidelines,tp://www.aemo.com.au/Electricity/Nationat Hectricity-Market- NEM/Security and-reliability/Systent
Security Market- Frameworks Review

5 AEMO, System Strength Requirements, atww.aemo.com.aut/media/Files/Electricity/NEM/Security _and_Relbility/System Security Market- Frameworks
Review/2018/System_Strength_Reguirements_Methodology PUBLISHED.pdf

TOAt https://www.aemo.com.au-/media/Files/Electricity/NEM/Security_and_Reliability/Congestiemformation/2019/Planned outages-in-the-North-
WesternVIG and- South-West- NSW-transmission network-industry-communigue.pdf.
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require implementation of new operational constraints, including considerations such as voltage staity,
transient stability, thermal limitations,and the availability offrequency control ancillary service (FCAS.

Network Support and Control Ancillary Services (NSCAS)

The 2018 NTNDRdentified that operator actions in response tohigh voltages in Vidoria were becoming
increasingly frequent and onerousreducing system resilience, and potentially increasing system security risks.
The NTNDP declared this an NSCAS gap for voltage control in Victoria, and AEMO subsequently enteieid

a short-term, sixmonth NMAS agreement for reactive support services in March 2019.

AEMO is currently tendering for additional reactive support services from September 20£%nd is seeking
proponents capable of absorbing at least 15MVAr of reactive power on request, andprimarily during low
demand conditions. This service would be used to address the NSCAS gapile AEMOd s Rwwect i ve
RITT progresses todeliver a long-term network solution (seeSection3.2).

48 Distribution planning

AEMOreviewsDNSPs plans for existing and new connection pointsand incorporates the general impact of
distribution network modifications (including load changes and network configuration changes). AEMO and
DNSPs work together toresolve connection asset limitations (for exampleby installing additional
transformers at existing connetion points, or by establishing new connection points). Thignsures a
co-optimised and efficient solution for both the distribution network and the DSN.

Appendix A2 includes information on constraints and augmentations identified intheVi ct or i a2618 DNSPs &
Transmission Connection Planning Repaat proposed by the Transmission Annual Planning Report Guideline

At www.aemo.com.au/Electricity/NationalElectricity Market-NEM/Planning-and-forecasting/Victorian- transmission network-service provider-
role/Invitation-to-Tender-for-NMAS- Reactive Power-Support-in-VIC
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5. DSN asset retirement,
derating , and
replacement

Thischapter addresses NER requirement®lated to DSN asset retirement, deratingsand
replacement, and has also modelled how possible future scenarios may affeelisting asset
utilisation.

Key asset replacement insights

While previouschapters have focugd on the need for network augmentation, appropriate maintenance
of Victoriads existing network asset base remai
AusNet Services to assess theeed and economic justification forthe replacement, refurbishment,
derating, or retirement of existing assets that are approaching enaf-life.

In the 2019 VAPR

T AusNet Servicesd 2019 asset replacement and r
presented in the 2018 VAPR.

1 Seveal new asset replacement projects have been identified, or have now moved within the
assessment horizon, including:

o Circuit breaker requirements at the MooraboolTerminal Stationassociated with the local
transformers and 220 kV shunt reactors.

o0 Circuit breaker replacement at the Rowvill&'erminal Stationassociatedwith the local SVC and
capacitor bank.

i1 For each project, AEMO has analysed future system needs and confirmed the underlying system
impact that would arise if the existing asset was moved without replacement. This analysis identified
a continuing system need associated with each proposed asset replacement project.

i For the first time, AEMO has alsincluded a sensitivity analysis on the impact of futuregeneration
plant withdrawalson existing assetdn the Latrobe Valley.This is important because, althougthe
traditional focus of network planning has been to support growing consumer demand, further
generation plant withdrawals from the Latrobe Valleywill change the utilisation of existing network
assets,and may open opportunities for new local generation andinterconnection projects. These
changeswill greatly impact the economic signalsthat underpin network asset replacements.
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51 Rul e requirements

Due to aging transmission assets;hanges in technology, and slowing demand growth, there is an increasing
need to coordinate DSN asset renewal and augmentatiomctivitiesin Victoria, and to asses®oth the system
need and economic justificationfor replacement of existingassets

In Victoria, AusNet Servicess responsible for assessing the condition ofts Victorian DSN assets, and for
making replacement, retirement,or derating decisions for these assets.

As the Jurisdictional Pl anni ng B @priyarily ih Pr&/idingfplamingVi ct or i @
advice to AusNet Services (particularly on the continuedystemneed for individual DSN assets)Under NER

clause 5.12.12ggional TAPRs must include detailed information relating to all network asset retirements and

deratings that would result in a network constraint over the planning periodAu s Net  Serment assete s 0

renewal plan is available alongside the VAPR on the AEMO website

Under NER clause 5.14A here there is an identified needto retain an asset AEMOand AusNet Services
conduct joint planning to identify the most efficient and economic option to address the identified need. The
following sections providesmore information about the joint planning process forasset retirement
replacement, refurbishmer, and deratings.

52 Joint planning of asset retirer

5.2.1 Methodology

AEMO and AusNet Services agreed an approach for joint planninghich wasadopted in this VAPR:

1 AEMO and AusNet Services jointly seleetl a set of assetawvhich areincludedin Au s Net Servicesd A
Renewal Plarand are likely to create a DSN constraintvhich potentially justifies aRITFT for replacement

I The selected assetsvere grouped with their associated network components whenever possible, and a
need assessmentvas conducted by assessing theoverall network impacts of retiring the asset. Grcuit
breakers other switchgear, and secondary systemsvere grouped with their respectiveassociated network
components, such as transmission circuits, transformers, generators;, reactive plant.For example, i a
line circuit breaker is retired, then its associatettansmission circuit should alsde considered as
unavailable for service in assessing the system impact of the circuit breaker retirement.

0 Committed projects, transmission assets that do not form part of the DSN, and most secondary
equipment were excluded from the network need assessment.

0 Assets proposed for retirement after 208 were also excluded from the need assessmendue to
uncertainties impacting retirement decisionsin that timeframe.

1 AEMO undertook an initial desktop analysis, and if required, further analysiso assess whether the
retirement of the selected asset would result in a network impact (that is, a network need for its
replacement).

In the case ofan assetretirement causing disconnection of a generatorthe resulting reduction in supply
availability was considered.

If the proposed retirements would cause line, transformer, or SVC outages, the impact of a credible
contingency under worstcase operatonal conditions (normally either maximum or minimum demand
conditions) was examined with a prior outage of the respective network element.

522 Needs assessment results

Table 7 below presents the summarised findings fronthe assets need assessment.

72 At https://lwww.aemo.com.au/Electricity/National Electricity Market-NEM/Planning-and-forecasting/Victorian-transmissior network-service provider-
role/Victorian-AnnualPlanning Report.
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Table 7 Network need assessment results

Total cost (real $M) Target comple tion Major assets components Retirement outcome

Horsham SVC Controls and Horsham
Protection Replacement

Moorabool Terminal Station Moorabool
Circuit Breaker Replacement

(Eight 500 kV circuit breakers,

nine 220 kV circuit breakers)

South Morang 330/220 kV South Morang
Transformer Replacement

Stage 2 (One 700 MVA 330/220

kV transformer)

Loy YangPower Stationand Loy YangPS
Hazelwood 500 kV Circuit and Hazelwood

© AEMO2019| Victorian Annual PlanningReport

18 2023
30 2024
35 2024
35 2024

Horsham 220kV SVC

Moorabool & Tarrone 500 kV No.1 line and
Moorabool 8 Sydenham 500 kV Nolline
breakerand-half switch bay

Moorabool & Mortlake 500 kV No.2 line and
Moorabool 8 Sydenham 500 kV No. 2 line
breaker-and-half switch bay

Moorabool 500/220 kV Al transformer double
breaker switch bay

Moorabool 6 Ballarat 220 kV No. 1 and Moorabool
0 Terang 220 kV line breakerand-half switch bay

Moorabool 220 kV shunt reactor

Moorabool 500/220 kV Al transformer and
Moorabool 8 Geelong No. 2 line breakerand- half
switch bay

Moorabool 500/220 kV A2 transformer and
Moorabool 8 Geelong No. 1 line breakerand-half

switch bay

South Morang 330/220 kV H1 transformer

Loy Yangd Hazelwood 500 kV No. line double
breaker switch bay

Voltage cannot be maintained within limits.
Reduced Murraylink export during outage of
Western Victorian 220KV lines.

Reducedreliability causel by system separation

due to a single credible contingency

Reduced reliability caused by system separation
due to a single credible contingency

Reduced reliability and capability to meet peak
demand

Western Victorian generation constrained and
reduced reliability. Reduced reliability caused by
partial loss of terminal station due to a single
credible contingency

Voltage cannot be maintained within limits.
Reduced reliability and capability to meet peak

demand

Reducedreliability and capability to meet peak
demand

Reduced reliability and capability to meet peak

demand

Generation constraints and reduced reliability
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Total cost (real $M) Target comple tion Major assets components Retirement outcome

Breaker Replacement Stage 2 (14
circuit breakers)

Rowville 220 kV Circuit Breaker ~ Rowville 6 2025
Replacement
Sydenham 500kV GIS Sydenham 25 2025
Replacement
South Morang 500kV GIS South Morang 25 2026
Replacement
Al n the process of preparing this yeards VAPR,

Loy Yang 500 kV A2 Generator transformer
double breaker switch bay

Loy Yang 500 kV A3 Generator transformer
double breaker switch bay

Loy Yang 500 kV B2 Generator transformer
double breaker switch bay

Hazelwood d Loy Yang 500 kV No2 Line and
Hazelwood 8 Rowville 500 kV No3 line
breaker-and-half switch bay

Hazelwood d Loy Yang 500 kV No3 Lineand
Hazelwood d Cranbourne 500 kV No4 line
breakerand-half switch bay

Rowvilled Springvale 220 kV line No. 2 and
Rowville No. 1 SVC breakeaind-half switch bay

Rowville 500/220 kV A1l transformer No. 2 and
Rowville No. 2 SVC breakeand-half switch bay

Rowville No .3 capacitor bank breaker

TBA

TBA

AEMO

Loss of 530 MW of generation

Loss of 560 MW of generation

Loss of 500 MW of generation

Generation constraints and reduced reliability

Generation constraints and reduced reliability

Reduced reliability caused by loss of terminal
station due to a single credible contingency.
Reduction in interconnector capabilities.

Reducedreliability and capability to meet peak
demand. Reduction in interconnector
capabilities.

Reduced maximum supportable demand caused
by reduced reactive power margirf.

Reduced reliability causd by system separation
due to a single credible contingencyand
reduction in interconnector capabilities

Reduced reliability and interconnector
capabilities

¢ aand hasndt identified lawv vdltagendoristeathts Begidus sabilitylamalysis cdnfirnoed

the in-service 220kV cap banks affecting maimum supportable demand. Further studies would be required to confirnif retirement of a 220kV capcreatesvoltage stability constrains.
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53 LatrobeasVeltl eut i | i sati on sens

The changing generation mixin Victoriais having an impact on the typical operation and performance of the
DSN, particularly since the closure of Hazelwood Power Station in March 2014 further Latrobe Valley units
retire, and more renewable generation is commissioned outside the Latrobe Valley, the utilisation of exigji
assets will continue to change. This will have a profound impact on the economic signals for existing asset
replacement, refurbishment, derating, and retirements.

These impacts are not simple to project, for example:

1 Retirement of further coaltfired generation in the Latrobe Valleywould decrease local asset utilisation, and
reduce the case for replacement investment

1 The potential future connection of new generation sources (including offshore wind projects), or new
interconnector projects (such as Marnius Link), could increase reliance on existing Latrobe Valley assets.

Uncertainty around the timing, probability, and scale of theseeompeting drivers means that any decision to
de-rate or retire existing assets must be analysed carefully.

The sections below present the results of highlevel analysis that tests the asset utilisation impact of network
and supply changes in the Latrobe Valley. Furtheretailed power system and market modellinganalysis
would be required to quantify and value the implications for asset replacement planning

54 Scensatudyatr obeag eVYalrleanent s

AEMO publishes an expected closure date/year for all scheduled and seracheduled generators in the NEM,
as advised directly by market participants. This information was last updated on 11 June 2019, and indicates
an expected closure profile for Yallourn Power station between 2029 and 2032nd for Loy Yang Power
Station between 2047 and 2048.

For the indicative purposesof this section, AEMO has modelledhe asset utlisation impacts of afull Yallourn
Power Stationretirement on the existing power system with all known committed projects included, and
during a high-demand snapshot.

The modelling considered:
1 Two alternative network configurations.

0 Retirement of Yallourn Power Station with the Latrobe Valley 500 kV and 220 kV networks operated
radially at high demand

0 Retirement of Yallourn Power Station with the Latrobev/alley500 kV and 220 kV networks operated in
parallel at high demand

9 Sensitivity resultsfor the retirement of a Loy Yang generating unit, and the connection of a large new
supply source (equivalent to largescale generation, or a new interconnector project).

Thesestudiesfound that the retirement of large-scale generation in the Latrobe Valleyvill significantly
change local asset utilisation

1 In some casesgeneration retirements in the Latrobe Valley are projected tancrease pressure on existing
assets such as transformers in the Melbourne metropolitan areaThis may requirenetwork
reconfiguration, or network augmentations. AEMO will continue to monitor the emergence of these
network needsthrough its network planning processes

1 In other casesthe modelled retirements are projected toreduce systemreliance on existing assetand
shift economic signals towards derating or retiring these assets. However, retaining these assets could also

73 At https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Generation_Information/ProjeeExpected Closure Date.xIsx
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provide opportunities for new generation or interconnection projectsto take advantage of existing
infrastructure.

54.1 Latrobe Valley 500 kV and 220 kV networkoperated radially

Assuming retirementof Yallourn Power Station with the Latrobe Valley 500 kV and 220 kV networks operated
radially at high demand, power system studies projected

1 Increaseal loading on the transformers in the Melbourne metropolitan areaabove their capacity in
particular, the Rowville Terminal Station (ROTS) Al 500/220 kV and the South Morang Terminal Station
(SMTS) H2 330/220 kV transformers under system normal conditions, and further overloading of the
Cranbourne Terminal Station (CB3) A1 500/220 kV.

1 Increasal loading on the South Morang Terminal Station to Thomastown Terminal Station (TTS) No. 2 line
above its capacity under system normal conditions.

1 Increasal loading on the Keilor Terminal Station (K$) to Thomastown Terminal Station (TTS) No. line
and the SMTS HB30/220 kV transformer above their capacity, under contingency conditions.

If the ROTS to Yallourn Power Station (YPS) and tROTSto Hazelwood Power Station (HWPS) 220 kV lines
are also retired and the 220 kV bus at ROTS made solid, the projected resultdso include:

1 Overloading on the CBTS Aand SMTS H2 transformersand the SMTSTTS No. 2 lingincreasing even
further than above.

1 Removal of the overloading of the ROTS Al transformehecausethe load at ROTSwould be evenly
shared between the two 500/220 kV transformers at ROTS due to the solid 220 kV bus arrangement.

Sensitivity d connection of a large new supply source at Y allourn Power Station

Modelling indicates that a 1,200 MW connection at YP&quivalent to the largest Marinus Link
interconnection option currently being considered) could allow the Latrobe Valley 500 kV and 220 kV
networks to be operated radially without overloading of the ROTS Al and SMTS H2 transformers and the
SMTSTTS No. 2ine. This wouldalso remove the overload on the existing HWP8YPS lines.

5.4.2 Latrobe Valley 500 kV and 220 kV networks paralleled

Assuming retirementof Yallourn Power Station with the Latrobe 500 kV and 220 kV networkeperated in
parallel at high demand, power system studies project

1 Increasal loading, under contingency conditions,on the HWPSYPS No.l and No. 2 lines above their
capacity, which may require a third HWP&YPS line to be built.

1 A need for the HWTS 500/220 kV transformation to be retained, #iough there may be potential for the
number of transformers to be reviewed.

1 Reduced overloading of the ROTS Al and SMTS H2 transformers and the SRITES No. 2 linescompared
with that projected in radial mode.

5.4.3 Retirement of a Loy Yang generator unit

Power flow studies indicate that he retirement of a Loy Yang generator unit is not projected to create new
thermal constraints on existing assets, howeveit could reduce utilisation of the 500 kV lines from Loy Yang
Power Station to Hazelwood Power Stabn.

In the absenceof further local generator connections or new interconnection projects, this would put
downward pressure on the need to invest in these assets.
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Sensitivity d connection of a large new supply source at Loy Yang

At times of high demand, and with radial operation of the Latrobe Valley 50kV and 220 kV networks,
connection of a new 1,200 MW supply sourcéo Loy Yang Power Statiors projected to further exacerbate
overloading of the CBTS Al, ROTS Ahd SMTS H2 transformers, anthe SMTSTTS No. 2 line.

If the Latrobe Valley 500kV and 220 kV networks were paralleled, these overloads could beduced, but may
result in an overload on the existing220 kV HWP8YPS lins.

5.4.4 Comparison of asset utilisation duration curves

As explored in the pevious sections, the maximum utilisation of different assets can change dramatically
depending on generation retirements, network configuration, and new connections. The market impact of
asset overloads depends on the length of time they are likely to ocau

The utilisation duration curves presented in this section were obtained by using an hourly supply demand
balance, with standard profiles for wind and solar generation, historical profiles for hydro generators and
interconnectors, and with the remainingload supplied by coal and gas generators. Network loadings were
apportioned based on the impedance of the elements.

AEMO developed uilisation duration curves for the following cases:
1 Case 16 Yallourn Power Station remains in service.
1 Case 20 Yallourn Power Station retired, the Latrobe Valley 500 kV and 220 kV networks operated radially.

1 Case 308 Yallourn Power Station retired, the Latrobe Valley 500 kV and 220 kV networks paralleled with a
third HWPSYPS 22V line built and two 500/220 kV transformersin service at HWTS.

Figure 8shows thatunder case 2,the ROTS Al transformer is projected to overload more than 20% of
the year.

Figure 8 ROTS Al Transformer load duration curve
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Figure 9shows that the SMTS H2 transformer is projected to overload more than 20 of the yearunder
case?2.
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Figure 9 SMTS H2 Transformer load duration curve
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Under case 2 assumptionsthe utilisation of the HWTS transformers is projected to be low. However, other

assets would be overloaded under system normal.

Figure 10shows thatunder case3 assumptions the utilisation of the HWTS transformers could increase to up
to 85%. As indicated in the previous twdigures, any overloading of the ROTS Al Transformer and SMTS H2

Transformer would likely be removed with this network configuration.

Figure 10 HWTS A4 Transformer load duration curve
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The utilisation of ROTS to YPS lines is projected to reduce considerably following retirement of the Yallourn
Power Station, as shown inFigure 11Even undercase3, with the 500 kV and 220 kV networks paralleled,
utilisation is projected to remain below 40%.

Figure 11 ROT®YPS load duration curve

55 I mpact on voltage control

Synchronous plant such asthe Yallourn and Loy Yang power stationgraditionally provide reactive power
capability that assiss the system to maintainsecure \oltage levels If such plantwere to retire, the level of
availablereactive power capabilitywould be reduced, resulting in a more challenging power system to
operate and higher system security risks associated with overvoltage excursions.

Replacing Latrobe Valley synchronous generation capacity with increased HVDC interconnection is unlikely to

provide an equivalent level of reactive capability, and furtheretworkin ve st ment (such as thr ol
Reactive RITT described inSection3.2), may be required to ensure sufficient reactive absorption and

injection capabilities are availableAlternatively, connection of offshore wind to theLatrobe Valley, with

appropriate technology and reactive capabilities, could provide some level of replacement voltage support.
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6. Connection insights

This chapterprovides information and resources tohelp new and intending participants
better understand the locational signals andchanging investment landscape in Victoria

Investment in new renewable generation in Victoria is growing at an exponential rat&his trend has been
driven by the decline in renewable technology costsand supported by renewable mlicies, notably the
Victorian Government s  flddiver on a VRET 0b0% renewable energy generation by 2@0. At the
same time,many coaktfired generatorsin the NEM are approaching their end of technical lifein the next
20 yearsand withdrawing from the power system as Hazelwood Power Station in Victoriaid in 2017

The rapid surge in renewable generator connectionss driving a fundamental changein the behaviour of
the Victorian power system as the generation fleet transitions from traditional synchronous generation
(coal and gas) tovariable non-synchronous generation.As well asproviding critical energy production
and dispatchable power, conventional generators have traditionally been relied on to provide essential
grid security servicessuch as system strengthand inertia.

Areas of interest for the quality of their renewable fuel sources (such as nortvest Victoria) are often
parts of the network that have not been designed to accommodate large volumes of generationSome
renewable gererator technologies arealso not robust enough to withstand the technical characteristics
associated withthese weak networkareas

Locational signals are integrated in the NEM desigrand are intendedto guide developers to investin
areasthat promote the most cost effective outcome for consumers. Some investors in Victoria are
already facing unexpected economic impacts and technical challenges associated with connection to
weak transmission network, including:

1 Thermal limitationsd high volumes of renewéle generation in the west of the state is leading to
significant network congestion, resulting in the constraint of generator outputs.

i Stability limitations d the technical characteristics of wind and solar generation can contribute to
reduced network sability, such as the identified rislof undamped voltage oscillations inwestern
Victoria. Generator restrictions are necessauring outage conditions to mitigate the risk of system
interruptions or collapse in the region.

1 System strengthd as new renevable generators connect to weak areas of the network, these
generators faceadditional constraintsand considerable remediationinvestment costsor delays

1 MLFso increased power flows fromnew renewablegenerators in western Victoria to load centres is
resulting in growing network losses and reduced MLFs fosome generators in western parts of the
state.As MLFs are applied to generator payments, lower MLFs result in reduced generator revenue.

Significant augmentation projects are already underway to deliver reduced network congestion, and
unlock opportunities for more efficient use of renewable resources in Victoria.

Beyond investment in network infrastructure and market services, the growingomplexity of power
system requirements places additional pressure on investors to understand locational signals, technical
standards, and connection processes that can have material impacts on projectiming and viability.
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6.1 Connection trends i n Victor

6.1.1 Victoriadsixgenerati on

The Victorian generation fleet has traditionally been made up of coaland gasfired generation, with the

s t a tuedhtcapacity composed 40% of coal-fired and 21%of gas-fired generation. This mix is changing
rapidly as the stae transitions to higher levels of renewable energywith installed renewable capacity now
rivalling coal at38%*. This transitionwill continue. Figure 12llustratesV i ¢ t @xisfing geserationcapacity,
along with committed and proposed new developments. All data provided in this section is as at@ May 2019,
and available onA E MO8 s ®e Infermadian webpage’.

Since the 2018 VAPR wapublished, 333 MW of new solar492 MW of new wind, and 55 MW of new battery
storage technology has beenbuilt and commenced commissioring in Victoria’s.

Figure 12 Existing, committed and proposed large -scale generation capacity in Victoria  , as at 10
May 2019
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Figure 13 Existing, committed and proposed large -scale generation capacity in Victoria (MW), as at
10 May 2019
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74 The remaining approximately. 1% of generation capacity in Victoria is a combination of biomass and energy storage sources.

> AEMO, Generation Information webpage, Victoria update 10Vlay 2019 at http://www.aemo.com.au/Electricity/Nationat Electricity Market- NEM/Planning-
and-forecasting/Generationinformation.

76 See maps of these projects on VAPR Network Development layer attps://www.aemo.com.au/Electricity/Nationai Electricity Market- NEM/Planning-and-
forecasting/Interactive- maps-and-dashboards
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While renewable generation is being rapidly added to the system, several coéired generators,which have

been Victoriads principal source of energy security si
technical life. The retirement of Hazelwood Power Station in Victoria in 2017 withdrew 1.6 GW of conventional

coal generation from the power system. The 2018 ISPnoted that a further 15 GW of conventional generation

across the NEM will reach its end of technical life by 2040. This includes Yallourn Power Station, a 1.4 GW

coal-fired generator connected in the Latrobe Valley, whichrepeent s over 12% of Victori e
generation capacity and (based on latest available informatiof§) is expected to begin a staged withdrawal of

capacity between 2029 and 2032.

The 2018 ISP analysis indicated that retiring coal plant could be most econarally replaced with a portfolio
of utility-scale renewable generation, storage, DER, flexible thermal capacity, and transmission infrastructure.
AEMO is working closely with proponents to facilitate this transition in an orderly manner.

6.1.2 Victorian Renewabé Energy Target (VRET)

The Victorian Governmenthas legislateda VRETtarget of 40% by 2025 andplansto deliver a VRET 060% by
2030. To support the achievementof this target, and to provide certainty to renewable generation investors
the Victorian Gowernment held a Reverse Auction in 2017. Thpgocessincluded calls forlarge-scale
technology-neutral renewable energyprojects, and large-scale solarspecific renewable energyprojects.

Six projects were selectedgcomprising 674 MW of wind generation and 255 MW of solargeneration. These
projects havenow been awarded 15year support agreements with the Victorian Governmerf.

6.1.3 Existing and committed renewable generation

There is currently4.4 GW ofrenewable generation connectedto the Victorian network, with a further 2.4 GW
committed to connect by the end of 202C*°. While hydroelectric generation inthe north-eastof the Victorian
DSNmakes up more than half of the existing renewable generation mix in Victoria, wind is expected to
become the largest renevable fuel source, with 2.3 GW of wind generators committed to connedby the end
of 2020.

AEMO has published a Victorian generation connections mapillustrating existing operational generator
connections, and projects that are committed and moving through the Completion and Commissioning
phase of the connection processMany new wind farmsare connecting close to the 500 kV backbone of the
power system insouth-west Victoria However,wind farm developments are increamgly moving north
towards the western Victoria region, where highquality wind resources are abundant, but network
infrastructure is limited.

There are also a number of solar generator connections in nortlwest Victoria, where solar resources are high
quality, but where network infrastructure is the weakest in the state.

Increased investment in wind and solar projects in weak parts of the network is presenting technical and
financial challenges for developersas discussed in Section 6.2ro managethe risk of constraint due to
network limitations, some developers areconsidering integrating energy storage solutions into their project
design. AEMO anticipates this trend will continue as thermal and stability constraints become increasingly
onerous, system s$rength diminishes, and larger network losses impact generator MLFs.

Despite the technical complexities of integrating renewables to the grid, the growing level of new and
committed generators demonstrates t he sbycdlaberatinggtdd s abi | i
deliver innovative solutions to emerging power system issues in Victoria.

77 At http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Planning-and-forecasting/Integrated- System Plan

8 At: https://www.aemo.com.auk/media/Files/Electricity/NEM/Planning_and_Forecasting/Generation_InformatitRrojects- Expected Closure Date.xIsx

7 See the VRET webpage dtttps://www.energy.vic.gov.au/renewableenergy/victorias-renewable-energy-targets, and the VRET auction webpage at
https://www.energy.vic.gov.au/renewableenergy/victorian-renewable-energy-auction-scheme

809 Commi ttedqi astiast udse sccrriitbeerd on AEMO&s Generation Information Page, wunder the

81 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Network-connections/NEM-generation-maps.
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The strong growth in renewable generation is also occurring in neighbouring states, with approximately GW
of solar development committed to connect in south-west New South Wales in 201:20. Given their

proximity, these developments will have a material impact on the Victorian network, and on other renewable

projects connected in the northrwest of Victoria. ABMO is managing these interdependencies through close

joint planning with the New South Wales TNSPTransGrid.

6.1.4 Current investor interest

Renewable energy investment continues to surge in Victoria, with a further 8 GW of wind, soland hydro

generation and battery storage projects proposed to connect? in Victoria in the coming years.

Figure l4presentsa spatial representation of aggregated connection applications in Victorian Q2 20195, As
noted above, investors are continuing to favour the western Victoia area, and interest in solar projects is

rapidly increasing while energy storage solutions are increasingly beingonsideredas a means of diversifying

developer revenue streams and minimising exposure to network constraints.

An additional 12 GW of rerwable generator projectsare in the early enquiry phase of thetransmission
connections processAEMOd s Vi ct or i athinclgdesasumanaryobtmese eeaalypenquiry projects.
While not all of these projects will progress to the next stage, AEMO is working closely witgach proponent
to provide as muchinformation as possible to allow themto make informed investment decisionsAEMO is
also assisting investorgo explore opportunities to develop renewable generator clustersallowing investors

to collaborate and share investmentcosts®.

Figure 14  Spatial representation of aggregated connection applications
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26Proposedd status criteria is described on AEMO®s Gener adionabspreddshéebr mat i on Pag
B8ABMOGs interactive map wil/l be updated in the near future to include updated

https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning and-forecasting/Interactive- maps-and-dashboards

84 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Network-connections/NEM-generation-maps

85 Connecting Generator Clustes to the Victorian Electricity Transmission Networkittps://www.aemo.com.aut/media/Files/PDF/01760015 pdf.pdf
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6.2 Locational signals

The NEM operates under an open accesegime. A participant has theability to apply to connect a generator
to any part of the transmission network, subject to meeting connection standards set out by the &twork
Service Provider ISP and by AEMO®,

However, there is no guarantee that the transmission network has, or will have, tleapacity to enable the
energy output of a particular generator. Connected generators competewith each other for dispatch
economically, andare also subject to network constraints.

The open access regime allows a future connection to materially change netuk congestion and electrical
losses by changing power flows on the transmission system. Therefora) existing and developing generator
projects facearisk of network congestionif the capacity of the transmission networkis exceeded by future
generator connections

Locational signals, such as networkonstraints MLFs and system strength levels, are used in the NEM to
inform and incentivise proponents to investin areas of the network that are likely to provide most value to
electricity consumers. Thes signals are discussedh the following sections.

6.2.1 Network constraints

The transmission network has dinite amount of capacity to transfer power from generators to consumers.
AEMO manages dispatch and operates the network withira technical envelopeusing constraint equations in
the NEM dispatch engine (NEMDE. These constraint equations ensure that dispatch instructions for
scheduled and semischeduled entitiesdo not exceed the secure operatingrange of the system

The order in which generators are dispatched is driven by variable operational conditions, economic
considerations (including bidquantities and price9, and the location of each generator relative to constrained
network elements and other generators.

Since constraint equations limit the power output of generation, constraintshave a directimpact on pricing
and dispatch. Generators connecting tcheavily constrained parts of the networkmay risk reduced revenues.

Thermal constraint s are used to control the dispatch of generation and re-route power flows to prevent
overloading of a transmission element, such as a transmission line or transformer, under system normal and
credible contingency conditions.

Stability constraints arise when power system conditionsapproach the boundaries of voltage, transientor
oscillatory stability limits. The increasg connection of inverter-based generation is impacting the stability
and dynamics of generabr control systems and the ability of the power system to remain in $able operation.

The Victorian network was historically designed to support the transfer of power from large coal generators
(principally in the Latrobe Valley) to load centres in the greater Melbourne region, antb allow for
interconnection with New Sout Wales, South Australipand Tasmania. The network ithe western parts of
the state was designed to feed local demand, and has not previouslyeeded the infrastructure to support
large supply volumes Many parts of the western Victoria transmission network ar@ow beginning to
experiene thermal and stability constraintsas significant levels of new generation connect in this area

Chapter 4 provides details of theemerging and interim network limitations whichmay result in generator
constraints inthe interim period between now and delivery of thecurrent Victorian RITT projects AEMO also
continues to monitor the emergence of new limitsd in particular, those Imits that may only become
significant following an unexpected change in local demand, generator investment, or generator withdrawal.

86 For an overview of the connection process, sebttps://www.aemo.com.au/Electricity/Nationa Electricity Market- NEM/Network-connections/Victoria
transmission connections--- processoverview.

87 Seehttps://www.aemo.com.au/Electricity/National Electricity Market-NEM/Security and-reliability/Dispatch-information.
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Figure 15illustrates the areas of the Victorian networkhat are at risk of constraint now or in future, based on
projected generator connections over the study horizon.

Figure 15 Potential constraints risks for new generators in Victoria

Western Victoria

Currently over 1 GWof wind generation isconnected or commissioning between Ballarand Murra Warrain
western Victoria. Whenthese generators are operational, the Ballarad Waubra 8 Horsham lines will be
loaded beyond their thermal capacity, which will result in thermal constraist Theselimitations are discussed
in Section4.5.

In addition to these connections, a further 400MW of solar plantis connected or commissioning between
Red Cliffs and Kerang. These connections compound the above constrasnand lead to additional thermal
constraints on the Red Cliff$d Wemen 6 Kerangd Bendigo & Ballarat lines under high generationconditions.

Due to the high levels of inverterbased generator connections in western Victoria, AEMO has identified a
new monitored constraint which occurs for an outage of any line between Red Cliffs and Ballarat (via
Horsham) or Red Cliffs and BendigoDuring these conditions, undamped voltage oscillations may occur
following a contingency, with the potential to cause system interruptions or collapse in this regidfl
Constraint equations must be implemented to restrict generation output to maintainsystem security under
these conditions.This limitation is discussed further irSection4.7.

88 Discussed further in an industry communique published by AEMO in February 2Q14 https://www.aemo.com.au//media/Files/Electricity/NEM/
Security and_Reliability/Congesticiinformation/2019/Planned outages-in-the-North-WesternVIG and- South-West NSW-transmissim-network-industry-

communique.pdf.
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