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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), and for publisticitia® Annual Planning

Repor{f VAPR). The VAPR considers the adequacy of the DSN

efficiently over the next 10 years.

The Victorian DSN has been performing well while, in common with other power systems across Australii

globally, being subject to increasing operational challenges.
The keyfocus areas for the DSHre:

i Control of voltages in thepower system which isiow experiencing different patterns of power fldwe to
the changing generation mix and distributed energy resources (DER).

- AEMO has commenced a Regulatory Investment Test for Tran@fii§gfon increasing reactive power
support to help manage vdige at times of low grid demand.

1 The ability of the network to connect renewable generati@md unlock its potential contribution by avoiding

inefficient congestiam transmission lines.

- AEMO is progressing the Western Victoria Renewable IntegratidnaRIdh will identify the preferred
option for augmentation, as well as the optimal timing for investment.

9 Managing educinglevels of system strengtlin a system with a greater proportionmérrsynchronous
generationconnecting to remote renewable energy zones (REZs).

- The VAPR provides information to assist prospective parties looking to connect new generation at the
Victoria.

- AEMO, as the system operator, will deterrsirgtem strengtiequirements for ¥ioria, as well as other NEM
regionsand identify any fault level shortfall, by July 2018.

1 Integratingnetwork development in Victoria to match the national development pathway identified in
A E M Oldtegrated System Plan (ISRyhich wilsupport optimed integration of existing resources,
renewable generatiorDERand storageto minimise costsdonsumers.

-AEMOds analysis indicates that augmentations

exporting capability on the Victor@New South Wales interconnector is economically justifiable, anel a

T should begin in the next year.
For the first time, the VAPR also includes consideratisgatfreplaement, retirement and é@ting. This is an

important development in the regulateegime, seeking to ensure all network investment, whether to augme

the network or replace or refurbish existing assets, is aimed at efficiently meeting future needs.

AEMO will continue to work with industry and government to promote efficient netwookiaetivork solutions
to meet the needs of the DSN and keep it operating securely and reliably for Victorian businesses and
households.

Performance of the Victorian DSN in the last year

The Victorian DSN performed well in the last year while being stibjacreasing operational challenges. Notable

observations from the past 12 months are:

1An AC (alternating current) power system, | i ke Au seactivepoivar. Astivegaverimovesa |
through the system and is delivered to consumers. Reactive power regulates voltage smectkeeps moving and the system works securely and safely.

2 To be published in July 2018.
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1 In the last year, AEMO has had to rely more on operational measures than we have in the past. For example, at
times AEMO temporarily eenergised 500 kilovolt (kV) lines, the backbone of the Victorian transmission network, to
keep voltages within operatirignits during periods of low demand from the grid.

1 After the withdrawal of Hazelwood Power Station in March 2017, interconnector flows shifted, with reduced
exports flowing from Victoria and increased imports from other regions to meet Victorian dépeeldtanes.
During summer 20178, AEMOunder a function conferred on usraintain power system reliability and system
security using reserve contraatgivated Reliability and Emergency Reserve Trader (RERT) ®viable®nough
generation and dmand resources to supply Victorian consumers and have sufficient generation reserves.

1 Over the past 12 monthghere was one significant period, after the occurrence of &ialible contingenéyin
which the DSN was not in a secure operating.gdi@rther contingency during this period may have resulted in a
breach of operational limits. The ramedible contingency also caused a voltage disturbance leading to a reduction
in customer loadperational procedures and protection schemes have been updated to minimise the risk of this
contingency occurring in futuleE MOds review of the incident found that
the level of major network investment requigecthinimise the impact of the rayedible contingency would not be
economically justified.

1 There was no load shedding directed by AEMO on the DSN over the past 12 months.

Maintaining a resilient power system in Victoria

AEMO continues to work with keyksteolders and asset owners to address power system trends and needs, and a
number of key initiatives have been progressed:

1 Unlocking the potential ofNVesternVictoria. High levels of renewable generation connections continue to drive the
need for augment&in in Western Victoria. A significant volume of additional generation has become committed in
western Victoria and souttest New South Wales since the 2017 VAPR was published. Most recently,
approximately600 MW of large scale renewable projects becanoemitted in late 2017 and early 2018 in
Western Victoria

AEMO is progressing the Western Victoria Renewable Integratight®R f@entify the preferred option for
increasing capacity in the area.

9 Keeping voltage within operational limits at times of lovdemand. Asdistributed energy resourcd3KRlike
rooftop photovoltaic (PV) systems increase, the daily profile of demand continues toThargiefthe time of
minimum demand from early morning to middle of the dayismedulting in a trend ofeducing minimum demand.
AEMO forecasts this trend to continaad minimum demand in summer to fall, from approximately 2,300 MW in
2016-17 to approximately 900 MW in 202728.

If voltage is not regulated effectively, the lower minimum demands willdéaglht voltages and potentially high
voltage violations (voltages exceedidefined operating limits High voltage violations are undesirable, because
there is a risk of damage to power system plant if no measure is taken to suppress them.

To date, AEMMas managed voltage at times of low demand using-$éiort operational measures, such as
temporarily deenergising 500 kV lines.

Given the increased risk to reliabilignd the potential market impacts of this measure, AEMO is pursuing more
efficient longerterm options for sourcing reactive power and managing voltages at times of low minimum demand,
through a reactive power RT. The required lead time for major augmentations from & REn be up to three

years depending on the preferred optiorThe VAPR also prese®tEM@ s -gchntediurrtermreactive power
management strategyntil the RIT preferred option is identified and implemented.

AEMO is alseeviewing its methodology for forecasting minimum demand at connection point level to assist in
understanding future risks and requirements for reactive power support on the network.

3 The VAPR reviews the period 1 April 2017 to 31 March 2018.

4A credible contingency event is defined i rereasbnablylpdssbleanghe arcumstances. Exangplesicoyd event 6
include the unexpected automatic or manual disconnection of one operating generating unit, or the unexpected discomaectjor ém of transmission plant
(other than as a result of a thrpdase electrical fault anywhere on the power system).Amoe di bl e contingency event is defined

event 6 other than a o0credi bl e -pkasereledtrinagfautsorythegpowersystém, or Simeatmdgisruptise events sluah dsemultipler e e
generating unit failure or double circuit transmission line failure.

5 More information is available dittp://www.aemo.com.au/Electricity/NationBlectricittMarket NEM/Planningand-forecasting/Victoriastransmissienetwork
serviceproviderrole/Regulatoryinvesmenttestsfor-transmission

6 This trend is forecast, despite more Victorians being expected to charge batteries and electric cars from their rooftop PV.

7 Increased risk of load shedding should there be an unplanned loss of a single of multipleassetgrk

8 More information is available dittp:// www.aemo.com.au/Electricity/NatiofiglectricitMarket NEM/Planningand-forecasting/Victoriaftransmissienetwork
serviceproviderrole/Regulatoryinvestmentestsfor-transmission
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1 Supporting increased interconnector capacity between Victoria and Neutls@ales AEMO has completed the
pre-feasibility analysis foreshadowed in the 2017 VAPR, and as highlightediimpé&eding2018 ISP, found that
augmentations within the Victorian DSN that support increased Victorian export capability on thé Wetoria
South Wales interconnector appear to be economically justffidilebenefits of this augmentation arfsem
sharing of renewable generation across National Electricity Market (NEM).rEgilonging the release of the ISP,
AEMO will commence a RIprocess twerify thepreferred option.

AEMO is also investigating options to increase import capacity from NSW to Vibiohaill help support
Victoria during high demand periods.

1 Assessing transmission assetsinder newequirements in the Natiorilectricity Rul&s A E M @618 VAPR
provides more information on asset renewal and replaceanendn assessment of future needs

- AusNet Services has provided a more detailed asset renewal plan for DSN infrastructure, to make network asset
retirement, deating, and replacement decisions more transparent.

- AEMO has worked with AusNet Services to select DSN assetshehiinse of their age or performandamay
retire in the next & years Where potential retirements are identifiet®EMO has analysefdture system needs
and therequirement to replace or refurbish thessets.

Longerterm strategic outlook

The VAPR focuses on Victorian DSN performance and development, but the network also operates as part of a larger
market and system. At both a stated national level, the power system is changing and will continue to change. For

this 2018 VAPR, AEMO has assessed the potential impacts on the DSN of current and projected changes in
generation, demand, and interconnection from a leteger strategic prspective, taking into consideration the

outcomes of the ISP.

AEMO has assessed the impacts of the national development pathway identifiagpoothen018 ISP, and
developed a longterm strategic vision to maintain a secure and resilient netwdgdtdrialvhich is consistent with the
ISP

The national development pathway identified in the ISP that AEMO has analysed for the 2018 VAPR includes:
1 New generation centreswestern Victoria.

9 A new interconnector between South Australia and New South (Reledink), connecting into Victoria via the
Burongad Red Cliffs transmission path.

1 Augmentation of the interconnector capacity between New South Wales and Victoria.

1 A new interconnector between New South Wales and Victoria (SydéiWagga via Bendigo, Kerang, and
Darlington Point).

AEMO®ds analysis shows the following DSN impacts of thi
impacts in a timely, efficient, and strategic way:

1 Increasd renewable generation connections in Western Vioimiddincrease the need for additional capacity on
the Western Victoria to Melbourne (via Keilor) ZX0transmission paffihe need to facilitate the development of
this REZ is aligned with recommendatof the ISP.

1 The proposetiew South AustraltaNew South WalemterconnectqiRiverlinkgonnected through Burongauld
increase the need for additional capacity on the Western Victoria to Melbourne (via Keil&y 22Msmission
path, as well aghe North West Victoria to Melbourne (8hepparton and Bendi@20 kV transmission path

1 Additional generation from Snowy 2.0 would impadstingtransmissidimitations in Norén Victorig and in turn
may increase the need for additional capaafythe transmission paths between Snowy and Victorian load centres

1 A new large New South Wale8 Victoria interconnector (Sydenhawagga via Bendigo, Kerang, and
Darlington Point) wouldcrease interegional transfer capacity angelieve transmisgiaonstraints between
Kerang and Sydenham. It would increase the need for additional capacity on the Sy@efbidom 500kV line,
and on the Keilor 500/200 kV transformers.

While the VAPR focuses on maintaining security in the Victorian DSN, AESt@maansiymarket operator for the
NEM, and theational planner, will continue to take a national perspective on the energy sector and the broader
needs of the transmission system and consumers across Adsteali#ormation on theational strategic

perspective s avail able in AEMOG6s 2018 | SP

9 This assessment is discussed in Chapter 3 of this 2018 VAPR.
10 Amendmets to NER rule 5.12 under fReplacement Expenditure Plannin@#gements rule changemmenced 18 July 2017.
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Introduction

The Australian Energy Market Operator (AEM®gsponsible for planning and directing augmentation on the
Victorian electricity transmissigetlared Shared Network (DSN). Théictorian Annual Planning RepdAPR

considers the adequacy of the DSN to meet future reliability and security neetiseavext 10 years, andlentifies

development opportunities that may deliver net market benefits.

AEMO publishes the VAPR as part of its role as Victorian transmission planner under the National ElgdNEdtjjy Law
in accordance with clause 5.12.1tbé National Electricity Rules (NER).i s year 6 s VAPR:

1 Reviews the performance of the DSN throughouf-2@] including performance at times of high network stress.

The outcome of this review is presented in Chapter 2 and is consistehevatiew uné r t ak en i n

VAPR.

1 Does noidentify any new priority limitatiorsd provides an update onetwork developmerpportunities

identi fi

e WAPRh | ast year 6s

ast

1 Includes a newhapter to address a recent rule change requidadditionalinformatioron Aus Net Ser vi
Renewal Planutlining expectedetworkasset retirements, deratingsnewalswithin the APR timefransnd the
results ofin assessment by AEMO of future netwedds and the potential need for asset replacements

1 Includes aew chapter pesening alongterm vision of the VictoriddSN ,incorporatingprojected changes in
generation, demand, and interconnectiom takesinto consideration the recommendations Bf M Gists

Integrated System PIASP)This chapter is included to present information and insights on current topics of interest,

in addition toNER clause 5.12.1 requirements

This report is supported by an online, #gendly interactive maghat providedata and analysis for a range of
National Electricity Market (NEM) topics includimgent ancemerging development opportunities, transmission
connection point forecasts, and national transmission plans.

1.1 Supporting material

A suite of resourcémvebeen published on the AEMO websitstipport the content in this report

Table 1 2018 VAPR resources and links

Resource

Description and links

Interactivamap
Historical DSN rating
and loading workbook
AusNet Services 281

asset renewal plan

Constraint reports

Demand forecasts

Provides data and analysis for a range of NEM topics including emerging development opportunities, transm
connection point forecasthoricircuit levels, and national transmission plans.
http://www.aemo.com.au/electricity/planning/interactiveap

Presents ratings arldadings for the 20Z-18 maximum demand and high export periods presented in Chapter
and the interactive mapttp://www.aemo.com.dElectricity/Planning/VictoriatnnualPlanningReport/VAPR
Supportinginformation

Outlines AusNet Servicesd transmission asset ren
includingasset retirements and datingsfor the next 10year period, including changes since last year and the
various options consideréudip://www.aemo.com.au/Electricity/Planning/VictoriAnnualPlannineReport/VAPR
Supportinglnformation

AEMO uses constraint equations to operate the DSN securely within power system limitations. The constrai
are implementechithe National Electricity Market Dispatch Engine (NEMDE), which dispatches generation tc
operation within the bounds of power system | i mi
historical performance of these constrainaéiqos http://www.aemo.com.au/Electricity/NatiorBlectricityMarket
NEM/Securityand-reliability/ Congestiorinformation/StatisticalReportingStreams

AEMOOGs independent connection point forecasts fc
http://www.aemo.com.au/Electricity/Planning/Forecasting/ AEM&nsmissigbonnectiofPoint
Forecasting/Transmissi@annectioiPointForecastindReportfor-Victoria
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2. Network performance
2017-18

This chapter assesses the performance of the Victorian electricity transmission DSN-&8&¥. 2017

Key insights of this chapter

1 While theVictorian DShinostly (except for a singlgeriod) operated reliably and securely in the past year,
this performance w&achieved with significant levels of operational intervention by AEMO.

1 There wa®ne significanperiod where after the occurrence of a namedible contingené$; the power system
was not in a secure operating state. A further contingency during this period may have resulted in a bre
operational limits.

- The noteredible contingency also caused a voltage disturbance leading to a reduction in customer loar

- Operational procedures and protection schemes have been updated to minimise the risk of this contin
occurring infuurd EMO6s revi ew of the incident fequuedt t |
minimise the impact tifisnoncredible contigency should it reoccumould not be economically justified,
given the low probability of occurrence.

i The Victorian DSN is becoming increasingly reliant on operational measures to manage high voltages \
operating limits during minimum demand perigttludinghe de-energisation 0500 kilovolt kV) lineson
some occasions

- This increases operational risk due to reduced availability of transmission infrastructure and potentially
constrains generation, incurring a market impact.

9 After the withdrawaof Hazelwood Power Station in March 201 supplydemand balance has been tight
in Victoriaduring peak demand periods

- During summer 20178, AEMO, as market operator, activated Reliability and Emergency Reserve Trad
(RERTvice toenableenough gneration and demand resources to supply Victorian consumers and hav
sufficient reserves

- Interconnector flonghanged with reduced exports flowing from Victoria and increased imports from othe
regions to meet Victorian demand at peak times.

Thefollowi ng sections summari se AEMOOds analysi &eninand mor e
interactivemap?3.

In this chapter,nless otherwise stated

1 Generation is defined as all scheduled, sechieduled, and nestheduled generation greater than B@gawatts
(MW), anddoes not include rooftgphotovoltaic R\).

1 Demand and consumption are as generated, meaning they include generator auxiliary lotitstielsed by
generators in their operations).

11 The period 1 April 2017 to 31 March 2018.

2A credible contingency event is defined in the NER aheciraumstances Examppecouddy event 6
include the unexpected automatic or manual disconnection of one operating generatinthenihepected disconnection of one major item of transmission plant
(other than as a result of a thrpdase electrical fault anywhere on the power system).Anmoe di bl e conti ngency event is defined
event 6 otheblehaonai ageedy e v @mseelectritakfaulspr tleepowersysteny dr simultdaneoasealisruptive events such as multiple
generating unit failure or double circuit transmission line failure.

13 Available athttp://www.aemo.com.au/aemo/apps/visualisations/map.html
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2.1 How does AEMO assess network perforntance

In evaluating the adequacy of the Victorian DSN @@4r7-18, AEMO hasonsideredhe following key network
performance indicators:

1 Loading of transmission networklements at times of high network stregswhether the transmission network
had sufficientapacity to supply thdemand(see Sectiof.?2).

1 Reactive power adequacwgt times of high network stress and lowlemandperiodsdt he net wor kds abi
maintain voltagewithin operational and design limitsoughout the netwo(kectior?.2).

1 Notable power system incidentd the frequency oincidents which resultedsiystem security violationloss of
customeload or generatior(Sectior?.4).

1 Interconnector capability) the extent to which theperationaland desigrimitsof interconnectorgstricted the
import or export of generatio(Sectior.5).

1 Impact of constraint equationd how much impacbnstraints otine transmission network had on generation
dispatch(Sectior?.6).

1 Impact ofthe changing generation mixn the networkd hownetwork flows are impacted by the increasing
penetration ofenewable generatioand generation retiremenfSectior2.7).

2.2 Network performance at times of high network stress
AEMO reviewed the loading of network elements to examine how stressed the network wa® Hiniggy
The Victorian DSN has three distinctive drivemstefork stress:

1 Maximum demand conditions (which typically occur on hot summer days) stress thastasuatuiredoower
transferamay exceedatingsof network elements.

1 Under minimum demand conditions, voltages may extleable operating limg.

1 High network stress can also occur at times where high levels of Victorian generation are being exported to other
regions, typically New South Walés

To understand how the network is performing at these times of high stress, AEWI® ogerationald s n a p’s hot s 6
of the power systeito capture network conditidasluringperiods of:

9 maximum demand,
9 minimum demara/ernight
9 minimum demand during the day

9 and high expo#t’ periods

Minimum demand currently occurs overighA E MO G s | a tl&pmoject thabirwidhoosesa nidday by
2022, influenced by continuing increases in rooftop PV genéfasoboth overnight and midday minimum demand
shapshots have been considered in this section.

Table 1 Summary of operational conditions

Maximum demand Minimum demand Minimum demand High export from
shapsht (overnightsnapshot (day) snapshot Victoria snapshot

Date and time* 19 January 2018 12 November 2017 25 December 2017 24 September 2017
16:00:48 6:01:48 13:30:47 04:00:48

14 The New South Wales interconnector has a higher transfer capacity than the Heywood or Basslink interconnectors.

15 Network adequacy assessment uses these snapshots, inclu@islanytagesthe snapshalata is obtained from the state estimator, which estimates the states
(such as power, voltages, and angles) of the power system based on certain measur&reemt©id s Ener gy Management System (EMS).

16 These snapshots do not necessarily represent the maximing éaadrienced by every DSN asset, as this depends on prevailing system conditions such as
generation patterns, interconnector flows, and time ofdedafieak demand, as well as factors that influence dynamic ratings such as local temperature and wind
speed.

17 A high export period is classified #ee snapshot with the highest flow through the South Morang F2 500/330 kilovolt (kV) transformer

18 AEMO 2017 Electricity Forecasting Insigép®rt, available athttp://www.aemo.co.au/Electricity/NationaElectricityMarketNEM/Planningand-
forecasting/Electricitforecastingnsights/201 7ElectricityForecastindnsights

19 This trend is discussaectior2.7.1
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Maximum demand
shapsht

Minimum demand
(overnightsnapshot

Minimum demand
(day) snapshot

High export from
Victoria snapshot

Victorian operational demand &me of 9,153 MW 3,217 MW 3,442 MW 3,620 MW
snapshdt
Sum of Victorian loads at time of 8,717 MW 3,148 MW 3,332 MW 3,398 MW
snapshot
Sum of Victorian generation at time of 8,673 MW 3,259 MW 4,578 MW 4,034 MW
snapshot
Sum of total Victorian available 9,473 MW 3,892 MW 4,675 MW 5,199 MW
generation capacity at time of
snapshot***
Temperature in Melbourne 36.9°C 14.5°C 20.5°C 10.1°C
Power flow from Victoria to South 350 MW -194 MW -148 MW -315 MW
Australia (Heywood Interconnector)
Power flow fronVictoria to South 60 MW -51 MW -41 MW -174 MW
Australia (Murraylink)
Power flow from Tasmania to Victoria 490 MW -463 MW -493 MW 385 MW
Power flow from Victoria to New South -234 MW?20 -169 MW 810 MW 1,365 MW
Wales
Reliability and Emergency Reserve 136.5 MW 0 MW 0 MW 0 MW
Trader (RERdispatched
Rerewable generation in Victoria
Wind 431 MW 228 MW 545 MW 889 MW
Hydro 2,089 MW 41 MW 0 MW 0 MW
Rooftop PV 589 MW 39 MW 864 MW 0 MW
System security {N Systemnorma) no Lines deenergised to A line was de System normal, no

contingency

manage voltage due

energised to manage

contingency overloads

overloads to low demand asa  voltage due to low
result ofAlcoa demand
Portland APD
potlines$unplanned
outage

* All values listed, excluding temperature, are the values measured at the exact time of each snapshot for the regien of Victori
** Operational demand is the sum of all Victorian loads and network losses.

*** Available generation capacity is the maximum capacity (MW output) at the time of the sniapistest not include capacity form generators
that were out of service at the tiniereflects the maximum target a generator can be requested to reach avijhien dispatch interval, and is
equal to generation for all seracheduled and nescheduled generators.

2.2.1 Maximum demand snapshot

The maximumperationaldemand snapshot captures the conditions when many network elements are under their
maximum loadinfpr the year. This section is complemented by additional detail in the historical DSN rating and
loading workbooKsee Sectiof.1).

Figure lrepresents the prevailing conditions at the time of maxopenationaldemand in Victorial@:00:48 on19
January 2018. The actual maximum demand of 9,153 MW was closer to the 50% probability of exceedance
(POB* maximum demand forecast of 9,491 MW. The 10% POE maximum demand forecast was 10333 MW

Figure 1showshat

1 71% (6,211 MW) of the total Victorialemand(8,717 MW) was concentrated in Greater Melbourne and
Geelong.

20 The interconnector flow is low due to high Murray generation output of 1484 MW.

21 POE is the likelihood that a demand forecast will be met or exceeded. A 10%&@Bum demand projection is expected to beeeded, on average, one year
in 10, while a 50% POE forecast is based on average weather and is expected to be exceeded, on average, every second year.

22 For maximum demand forecasts, see NEFR forecAdE8/ah National Electricity and Gas Forecasting siteh &
http://forecasting.aemo.com.au/Electricity/MaximumDemand/Operational
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1 The majority of Victorian generatidt@o) originated from the Eastern Corridor.

1 Net power flow fronNew South Wales to Victongaslow at 234 MW dueto thermal limitationS hicomprised
animportof 86 MW fromMurray and Wodongaand 148 MW fromBuronga on thilew South Wale8 Victoria
interonnectorRefer to Section 8.for further detail on thermal limitations Maw South Wale® Victoria import

limits and options to address the limitations.
1 Net power flow from Victoria to South Australia w&8 MW, comprised oéxport of 350 MW on the léywood

Interconnector ardD MW on the Murraylinknterconnector
9 Power flow fromTasmania to Victorimas490 MW via the Basslink interconnector

1 136.5 MW of RERT was dispatched

1 All interconnector flows wewneéthin their thermal limit

In addition toFgure 1, at the time of thenaximum demanshapshot:

9 There wa$89 MW of rooftop PV generatigrserving 6.3% of end user demand

9 There wa,520 MW of renewable generatior20.1% of total Victorian generation), comprised of
nonscheduled wind®6 MW), dispatched wind335 MW), and hydroelectric generatiq®,089 MW).

A review of asset loading at the time maiximum demanshowed that th#ictorianDSN performed within technical

networklimitsfor secure operation.

Figure 1 Maximum demand snapshot: generation, éal, and interconnector flow
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Please note:

‘This map only shows teminal stations relevantto the limtations.
See relevant section figures for all terminal stations and generating unis connected to the DSN.

2.2.2 Minimundemand(overnightsnapshot
Theminimum demarshapshot captures the conditions when voltages may exceed operati#fg limits

23 There was an unplannedtageat Alcoa Portland (APDgsulting in the minimum demandurring during the early morning. Otherwise, minimum demand would

have occurred during the day, as mentioned in Section 2.2.3.
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Figure 2represents the prevailing conditions at the time of minimum demand in \06t0diad8 on 12 November

2017). ltshows:
1 66% (2,074 MW) of the total Victorianlemand(3,148 MW) was concentrated in Greater Melbourne

and Geelong.
1 The majority of Victorian generatid®8@6) originated from the Eastern Corridor.

1 Net power flow fronNew South Wales to Victorigas169 MW. Thicomprised ammportof 162 MW from
Murray and Wodongaand 7 MW from Buronga on thidew South Wale8 Victoria interconnector

1 Net power flow fronSouth Australia to Victoneas245 MW, comprised oimportof 194 MW on the Heywood
Interconnector anstl MW on the Murraylinknterconnector
1 Power flow fromVictaia to Tasmaniavas463 MW via the Basslink interconnector

9 All interconnector flows wenell below their thermal limait
In addition toFigure 2 at the time of the minimum demand snapshot:

9 There wag89 MW of rooftop PV generatiofil.2% of end user demand

1 There wa269 MW of renewable generatiorB(2% of total Victorian generationgpomprised of
nonscheduled windL(O MW), dispatched windL(8 MW), and hydroelectric generatigdl MW).

A review ofperformanceat the time of minimum operational demand showed thatitherianDSN performed
within technical limitwith Emporary orational measures successfully applied to maintain voltages within operating
limits Nevertheless, the operational steps taken highlight the need for further reactive support to manage voltage

during minimum demand conditjevtgch is furthettiscussedh Chapter 3.

Figure 2 Minimum demand (overnight)snapshot: generation, load, and interconnector flow
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Please note:

This map only shows teminal stations relevant to the limitations.
See relevant section figures for all terminal stations and generating units connected o the DSN
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2.2.3 Minimundemand (day) snapshot

Theminimum demand (dagfapshot captures the conditions when voltages may exceed operatingHenitsytime
shapshot was added because AEMO projects the time of minimum demand in the DSN moving from overnight to
middle of theday within the next five years

In line with this trend, it should be noted the minimum demand (day) would have been tferénientim demand in

2017-18, had there not been an unplannedtageat Alcoa Portland (AP early morning on 12 Newmber2017.

This resul ted i (ovetnights ndbavp snhi ontudm hdaevmianmngd a | ower mi ni mum d
demand (day) snaph ot o .

Figure 3represents the prevailing conditions at the time of minimum delwangl the dayin Victoria £3:30:47 on
25 December 201Y. Itshows:

1 57% (1,948 MW) of the total Victorianlemand(3,332 MW) was concentrated in Greater Melbourne and
Geelong.

9 The majority of Victorian generatid@9@o) originated from the Eastern Corridor.

1 Net power flow from Victoria to New South Waleas810 MW. Thicomprised aexport of 776 MW from
Murray and Wodongaand 34 MW to Buronga on thllew South Wale8 Victoria interconnector

9 Net power flow fronmSouth Australito Victoriawas189 MW. Thisomprised ofmportof 148 MW on the
Heywood Interconnector add MW on the Mirraylinkinterconnector

1 Power flow fromVictoria to Tasmanaas493 MW via the Basslink interconnector
1 All interconnector flows weneell below their thermal limit

In addition toFigure 3 at the time of the minimum demdddy) snapshot:

9 There wa8864 MW of rooftop PV generatio20.6% of end user demand

1 There wa$45 MW of renewable generatiorl(.9% of total Victorian generation), comprised of
nonscheduled win®221 MW), dispatched wind3g4 MW), and hydroelectric generatidd MW).

A review of asset loading at the time of minimum denjdag) showed that th&ictorianDSN performed within
technicahetworklimitsfor secure operationyith €Emporary operational measures successfully applied to maintain
voltages within operating limits.
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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 generating units connected to the DSN

2.2.4 Highexport snapshot

Thehigh exportsnapshotlemonstrags network conditions during times of high export from Victoria to New South
Wales, specifically through the South Morang F2 500/330 kilovolt (kV) transfdrhgisection is complemented by

additional detail in the historical DSN rating and loading wooki{seeSectiorl.1).
Figure 4represents the prevailing conditions attihee ofhigh export fronVictoriato New South Wale@©4:00:48

on24 September 201Y. Itshows:
1 59% (2,022 MW) of the total Victoriademand(3,398 MW) was concentrated in Greater Melbourne

and Geelong.
9 The majority of Victorian generatiof9fo) originated from the Eastern Corridor.

1 Net power flow from Victoria to New South Waleas 1,365 MW. Thicomprised aexport of 1,220 MW from
Murray and Woanga, and145 MW to Buronga on thBlew South Wale8 Victoria interconnector

1 Net power flow from South Austrat@mVictoria wasA89 MW, comprised oimportof 315 MW on the Heywood
Interconnector antir4 MW on the Murraylinknterconnector
1 Power flow fromTasmania to Victorias385 MW via the Basslink interconnector

1 All interconnector flows wenell below their thermal limit
In addition toFigure 4 at the time of thdigh exportsnapshot:
1 There wasiorooftop PV generatiobecause it wathe snapshot occurrégfore sunrise

1 There wa8889 MW of renewable generatior2@% of total Victorian generation), comprised of
nonrscheduled wind383 MW), dispatched wind556 MW).
A review of asset loading at the timeltfjh exportshowed that th¥/ictorianDSN performed within technical limits
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Figure 4 High export snapshot: generation, load, and int

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

2.3 Reliability andEmergency Reserve TradRERT)
In May 2017, to ensure the NEM would meet the reliability standard in summet20ABMO began a process to
secure additional reserve across Victoria to address a projected supply shortfall. The reserve AEMO setared fell i

three categories: demand response, temporary generation, and \«altegeol demand reductigin
AEMO activated RERT twice in summer-2818n 30 November 2017 (in Victoria) and on 19 January 2018 (in
Victoria and South Australia) when consumer swaghat risk due to severe weather conditions

On 29 November 2017, AEMO declared a forecast Lack of Reservg 2L&dRdition for the Victoria region

between 1530 and 17:00 on 30 November 2017. AEMO subsequently published market notices seeking market

response(s) to alleviate the L@Rondition, and determined the latest time for AEMi@tervene to be 130 on 30
November 2017As there was insufficient market response to allethateskio supply reliability AEMO activated

32 MW of unscheduled resves fronthree RERTontractdetweenl5:30 and 16:30.

On 18 January 2018, AEMO declared a forecast L®¢&bndition for the Victoria region between:3@and 16:00

on 19 Januar®018. In response to these forecasts and supply uncertainties, deEM@ined that preactivation of
500 MW of longer notice (20+hr) reserve contracts was required, to ensure these would be available to cover
contingency events on 19 January 20A8.there was insufficient market response to alleviate the risk to supply
reliability, AEMO activated 130 MW of unscheduled reserves across eight reserve contracts in Victoria, and 6.5 MW
of unscheduled reserves across two reserve contracts in South Australia. These contracts were activated between

14:00 and 1530 on 19 January @18, with all ten contracts being deactivated by.GD

2.4 Victorian power system reviewable operating incidents

Over the 12monthreview period®, the DSN was operated in a secure operating state exceprfersignificant

period wherg after the occurrencef @ nonrcredible contingengyhe power system was not in a secure operating

information about

RERT Samnkr 201fl& operatidnswevier@port and aartedres,ravadablesan t s ,

22Fo0or mor e
http://www.aemo.com.au/Electricity/NatiorElectricityMarketNEM/Securitand-reliability/Summeioperationsreport

25 The VAPR reviews the period 1 April 2017 to 31 March 2018
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http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Summer-operations-report

state. A further contingency during this period may have resulted in a breach of operational limitsciguien
contingency also caused a voltage disturbance leading tdwacti®n in customer loaddperational procedures and
protection schemes have been updated to minimise the risk of this contingency occurring in future.

AEMOds review of the incident found t hmadornéwpikven t he | c
investmert required to minimise the impact of the-ooedible contingency would not be economically justified.
Further detail on this incident is presentélhlvie 2

However, it is worth noting that the DSaWigig, with most transmission lines now more than 40 years old, and the
frequency of planned maintena@tef transmission infrastructure is expected to incrééser investment may be
justified andAEMOis workingwith key stakeholders and network asset owmars caseby-case basigp minimise

the potential impact of planned outages of key network components on system security and customer reliability.

There was no load shedding directed by AEMQhe DSN over the past 12 months.

Table 2 Summary of dgnificant reviewable power system incident during 201%8

Date Incident Consequence

18 January 2018  Concurrent loss of Rowville A2 500/220 kV transformer and a Ro@@8lbeith 600 MW customer loadeduction
Morang 500 kV transmissibtine.

A reporton the above incidems being finalised, and when availaplei | | appear alstofpgveri de AE M(
system operating inciderdsn A E M O 0628. Bewarid®\&EMQ i€ responsible for operating the transomsstwork,
this section does not consider distribution network events that may have resulted in loss of supply.

2.5 Interconnector capability over 20418

An interconnectords capability depends on t hNetioper f or me
interconnector limits can be found in ABNi@erconnector capabilities regérA detailed summary of the

capability and limits of eacimterconnectanthe NEM s pr o v i d édnthiy and AnBEUdiQIENS Constraint

Report®.

As shown imable 3 there has been a marked decrease in duration ofgnekports from Victoria since the closure
of Hazelwood Power Statian March 2017

Table 3 Percentage (%) of time interconnector is exporting enefgym Victoria

Interconnector 5-year average before Hazelwood closure 2017-18
Victoriad New South Walemterconnector 86% 44%
Heywood Interconnector 81% 49%
MurrayLink 43% 40%
Basslink 42% 52%
Victoria (Net) 86% 51%

As mentioned in Sectidr8, supplydemand balancevastight in Victoria and RERT was activated twice over summer
2017-18. Any increasén import capacity will help support Victoria during high demand peifeder toSection B

26 Major investment includes high cost augmentations such as new transformers and lines.

27 As part of summer 20118 readiness, AEMO worked with TNSPs to arrange for TNSPs to edrapldire mitigation before summer, undertake as much
preventative maintenance that could improve reliability outcomes for the network over the summer period by the end of20&Veani make sure no planned
maintenance was scheduled on highdemagdsdla Compared to the previous summerds 12 unplanned out ag:eé
network outages in Victoria during summer 2087none of which had an impact on system security or reliability.

28 AEMQ Power System Operatirigcident Reportsvailable at http://www.aemo.com.au/Electricity/NationBlectricityMarket NEM/Marketnoticesand
events/PoweSysterrOperatingIncidentReports

29 AEMQ Interconnector Capabilities Rep@rtailable at https://www.aemo.com.aulmedia/Files/Electricity/NEM/Security_and_Reliability/Congestion
Information/2017/InterconnectaCapabilities. pdf

30 Monthly and Annual NEM Constraint reports are available through the Statistical Reporting Streamistipage\atv.aemo.com.au/Electricity/NationElectricity
MarketNEM/Securitand-reliability/Congestiofinformation/StatisticaReportingStreams
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for further detail on thermal limitations Maw South Wale® Victoria import limits and options to address the
limitations.

The Heywood Interconnector is being operated below its maximumldgei&igh650 MW in both directions:

1 On 28 Septenber 2016, when the South Austrdliack ystend! occurred, the maximum transfer alloveedthe
interconnectowas 600 MWfrom Victoria to South Australaaad 500 MW from South Australia to Victoria

1 Investigations inthe South Australtalack ystem evat identified a potential transient stability issudimies of
high Victoria to South Australia transfer and high levels of wind generation in South Australia.

1 The current limits of 600 MW (Victoria to South Australia) will be increased further fallewing of a System
Integrity Protection Scheme (SHB)uthAustralig designed to reduce the risk of separation otithAustralia
from the rest of the NEM when operating Heywood at high power transfer levels.

2.6 Impact of Victorian transmisscamstraints

0 summarisdsinding constraints on the Victorian transmission system that resulted in the highest market impact in

2017, with 2016 valuesshowhor compar i son. This is a subset of detai

Annual NEM Constraint Reports for@@hd 201733,

31 AEMO Black System South Australia, 28 September RIzgt6h 2017 available at http://www.aemo.com.au/Electricity/Nation&lectricitMarket NEM/Market
noticesand-events/PowesSysterrOperatingIncidefrReports

32 Detail contained il E M Onitial report on the Hornsdale battergvailable athttps://www.aemo.com.aumedia/FilesMedia_Centre/2018/Initial-operatiorof-
the-HornsdalePowerReserve.pdf

33 Monthly and Annual NEM Constraint reports, for the calendar year are available through the Statistical Reporting Streantisepdg®0 websitat
http://www.aemo.com.au/Electricity/NationBlectricityMarket NEM/Securitsand-reliability/Congestiofinformation/StatisticaReportingStreams
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Table 4 Equations with persistent market impacts in both 2016 and 2017

ID Equation ID Binding hours Market impact Description
2016 2017 2016 2017
1 V:S_600_HY_TEST_DYN 182 289 $76,535 $659,212 600 MW limit on VIGo SAtransfer on

Heywoodwith dynamic headroom.

2 VASML_NSWRB_2 154 53 $518,333 $441,280 To avoid voltage collapse for loss of
Darlington Pt t®uronga (X5) 220 kV line
when the NSW Murraylink runback schei
is not available.

3 ViN_NIL_xxx 1054 625 $238,531 $181,973 To prevent transient instability for a trip ¢
a HWTSSMTS 500 kV line.

4 V>>V _NIL 2A R& 1015 312 $144,342 $143,897 To avoid overloading the South Morang |
V>>V NIL 2B R & transformer when Yallourn Unit 1 is in 22
V>>V_NIL_2 P kV mode and Hazelwood is operating in

radial mode.

5 V:S_600_HY_TEST 48 75 $14,235 $126,093 600 MW limit on SA to VIC transfer on

Heywood.
6 V>>V_NIL 5 1 35 $345 $86,009 To avoid overloading either Mount Beaut

to Dederang 220 kV lines fany single
trip of the parallel lins.

7 V::N_SMF2_xxx 10 184 $4,028 $58,092 To prevent transient instability for a trip ¢
a HWTSSMTS 500 kV line when South
Morang F2 transformer is retailable.

8 V::N_HWSM_xxx 34 53 $11,196 $21,877 To prevent transient instability for a top
a HWTSSMTS 500 kV line when a HWT!
SMTS 500kVine is not available

9 V>>V_SMTXF2_6 2 30 $677 $12,604 To avoid overloading of either
Thomastown to South Morang 220kV lin
when South Morang F2 transformer is nc
available.

10 V:N_BYPASS_HW_SY_xx: 6 14 $2,121 $10,158 To avoid transieninstability for trip of a
Hazelwood to Sydenham or Hazelwood 1
South Morang 500kV line

Total 2,506 1,669 $916,429 $1,741,194  N/A

A. The market impact of a constraint is derived by summarising the marginal value for each dispatch interval from thensagimatast re
run over the period considered.

In 2017, the constraint equation with the largest market impact (constraatipedLiinO) restrictd export from
Victoria toSouth Australidothconstrainequations 1 and 5 represeat600 MW limit to avoid overloading the
Heywoodinterconnectoand applied as part of the test program for the upgraded Heywdat@grconnector. This
market impact has increased since 2(igcausehe constraistvere only introduced in mig016.

The Victori@ New South Wales interconnector limiesrasulting from constraint equations 3 and 4, which prevents
higher export flows due to tifeouth Morang F2 transformaard atransient stability limit. This constraint equation is
expected to bind less in the short term, due to lower export flows figorigiresulting from the March 2017

retirement of the Hazelwood Power Station, but more frequently after additional renewable generation is connected
to meetthe VRET. The proposadgmentations within the Victorian DShhjarove the Victorié New SoutiwWales
interconne@nare discussed in more detail in Sec8dh

It is also noted that the market impact of

1 Constraint equations 7 and 9 increased significantly in 2017. This was due to an extended outage on the South
Morang F2 transformer.

1 Constraintequation 8 increased in 2017 dwuke-energisatiorof the Hazelwood South Morang 500 kV line
associated with managing high voltages in Victoria during light load conditions

1 Constraint equation 2 decreased in 2Q#lde toa new formulation of the constriagguation which better models
the reactive power in north west Victoria
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1 Constraint equation 6 increased in 20dde to higher levels of generation into Mount Beauty Terminal Station.

1 Constraint equation 10 increased in 20dide to Sydenham Terminal ®ta reconfiguration associated with
rebuild works.

2.7 Impact of changing generation mix

2.7.1 Renewable generation uptake

Thelevel ofrenewable generatiopenetrationin Victoria hagncreasedverrecentyearsand is influencing Victorian
network flowsTle impact on network flowsegpected to become more apparent as more renewable generation
connects to the network due to the VRET.

This section reviewstworkperformanceunder high renewable generationtput and investigateeffects on
demandfrom tte grid and network operation. It includes:

9 A highwind snapshdb assessetwork performance under high wind generatiotput

1 Frequency of reverse flow (from the distribution network into the DSN) occurrences as a result of renewable
generation directlgonnected to the distribution system and bethiethet er (on cust omer sd& pr e

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

High wind snapshot

The high wind snapsthuaptures the conditions whfe Victorian networks subject thighwind generationoutput
Key summary indicators are providedrigure 5

Operational demandht the time of the snapshets neither high enough to cause risk of thermal overload, nor low
enough to develop the potential of ovesltages.

This highlights that there was no significant visible stress on the network during these conditions.

Figure 5 High wind snapshot summary

High wind sapshot

Date and time 14:30:48 on24 September 2017
Operational demandt time ofsnapshot 4,100 MW

Sum of Victorian loads at time of snapshot 3,898 MW

Sum of Victorian generation at time of snapshot 4,306 MW

Sum of Victorian capacity at timesfapshot 5,530 MW

Temperature in Melbourne 17.0°C

renewable generation

Wind 1,172 MW

Hydro 36 MW

Rooftop PV 487 MW

System security {N No system normal or contingency overloads

The level of renewable generation penetration is expected to increase in Victoria, as the generation mix changes due
to the VRET. The majority of renewable generation connection inter@gsteim Victoria where the connection

interest exceeds transsian capacity. AEMO is progressing\iiestern Victoria Renewable Integration Regulatory
Investment Test for TransmissiofTjRMhich seeks to increase the capability oivkstern Victoria power system,

and reduce congestion of projected new genenaiticthat region. €ails on this RiT are presented in Sectidh6.

Reverse flows

The frequency and magnitude of reverse power flows has increased in \G@toltlae past few yearsThe two
220/66 kV Terang transformers have been identified as experiencing the largest duration of reverse flows in Victoria
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over the2017-18 year. Table5 outlines the numbef hours that reverse flows occurred through these transformers,
categorised into seasons.

Table 5 Number of hoursreverse flows occurrect Terang

Year Autumn Winter Spring Summer TotaP4
201314 11 hrs 4.5 hrs 10 hrs 0 hrs 25.5hrs
2014-15 14 hrs 0 hrs 7.5hrs 12 hrs 33.5hrs
201516 27 hrs 11.5 hrs 6.5 hrs 5.5 hrs 50.5 hrs
2016-17 41.5hrs 8 hrs 46 hrs 25 hrs 120.5 hrs
2017-18 29.5 hrs 8 hrs 20 hrs 24 hrs 81.5 hrs

The table confirms the continuous existence of reversaritbthughe impact ofdistributed generation on

transmission planning. It also highlights that the impact varies, depending on the actual availability and timing of DER
including output fromlistribution connectedind generatorsThis trend of increasing reverse flows wilateea more

complex network to operate, and may requireogimisation of asset control schemes to ensure secure and reliable
operation.

Strong coordination betwedr@ansmission network service providESPsand distribution network service providers
(DNSPpwill be important to monitor and manage these reverse flows and other effects of increased DER.

Impact ofrooftop PV on minimum demand

Rooftop P\tanreduce the apparent operational demand, allowing it to lessen peak demand and further decrease
the minimum demand seen in the network.

Historically, rooftop PV has impacted demand during daylight hours between 08:00 andAs7<@@n in Section

2.2.3, rooftop P\has started to impact minimum demand, which has historically occurred outside bhdaytigh

bet ween the hours of 02:00 and 05:00. AEMO6s | atest fc
from overnight to midday by 2022 in Victo¥tamostly driven by the increasing penetration of rooftop PV.

As Section 2.2.2 and 2.2s3ow, the Victorian DSN is becoming increasingly reliant on operational measures to
manage high voltages within operating limits during minimum demand periods, inchediegidation of 500 kV
lines which are the backbone of the network.

This increasegperational riskdue to reduced availability of transmission infrastrucéune has the potential to
constrains generation, incurring a market impact. Reduced levels of synchronous generation during minimum demand
periods also increase operational chafles due to reduced plant being available to assist in voltage control.

AEMO is progressing thictorianReactive PoweBupportRITT to identify the preferred option to manage high
voltages to within operating limits during minimum demand peBieeiSectiorB.6 for more detalil.

2.7.2 Generator retirements

The changing generation mix has materially changed flows on the VibtSharfiollowing the dare of the last
Hazelwood Power Station uimitMarch 2017. The remaining cdakd generatorsare expected to retire over time
asthey reacttheirtechnical enaf-life andthe power system transitions tarcarbon future.

AEMO assesselld impact othe Hazelwood Power Station closworeinterconnector flows and generated energy
mix by fuel type considerin@ year before and a year afterthe Hazelwood Power Station closure

Themajor findinggor generation, shown Figure 6were:
1 Generated energy from brown coal decreasdde to reduced capacitgfter the Hazelwood closure.
1 Generated energy from gas increased, likely compensating for the decreased brown coal generation.

1 Generation from hydro decreased.

34 The total hours differ from the values published in the 2017 VAPR due to an update to the calculation methodology.

35 AEMO, 2017Electricity Forecasting Insigénailable athttp://www.aemo.com.au/Electricity/NationElectricityMarket NEM/Planningand-forecasting/Electricity
Forecastingnsights/201 7ElectricityForecastindnsights
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1 Generation from embedded rétop P\26 increased slightly, likely due to additional installations.

Figure 6 Comparison of Victorian generated energy by fuel type
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HWPS refers to the Hazelwood Power Station.

The impact on Victorian impaated exportsis shown in Figure 7.

Figure 7 Comparison ofVictorian import and export hours
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Energy imports into Victoria increasaad energy exports out of Victoria decreased. Interconnector flows have
changedfrom average annual netx@ort hours of 86% in the past fiyears to 51% of net export hours in tlyear
since Hazel w&aeatd Sectiors®B.5.2ardbSfortfurther detail on import and export limitations

between Victoria antNew South Waleas well as options to address the limitations.

36 Rooftop PV is considered as embedded generation and is not necessarily transmitted through the Declared Shared Dr@hNymistsionk(
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3. Network development

This chapter describes foastDSNIlimitation¥ that are expected to appear over the next 10 years.

Key insights of this chapter

9 High levels of renewable generation connections continue to drive the need for augmemiasimnin
Victoria.This chapter includes a new section on opportunities and challenges for connection new gener:
Victoria.

- Several large scale renewable projects became committed in late 2017 and earlyir2@1i8 region

- AEMO is progressing the Western Vict&@newable Integration RTTo identify the preferred option for
increasing capacitin the area.

1 Reducing minimum grid demand is increasing the need for-tefomgerm solution to address high voltages
the network during light load periods.

- AEMO igrogressing th&ictorianReactivePowerSupportRITT to identify the preferred option to manage
high voltages to within operating limits during minimum demand periods.

9 Improving interconnection between Victoria and New South Wales will allow shgeneration between
regionsimprovingcompetition andeliability of supply to customers.

- VAPR analysis shows that increasing the export capability of the idtetiaSouth Wales interconrnact
through augmentations within the Victorian D®sonomadly justifiable and AEMO wilcommence RIFT
within the next 12 monthsidentify the preferred option.

- AEMO is investigating optionsriorease import capabiliffom New South Wales into Victovidaichwill
help suppor¥/ictoria during high demargkriods.

3.1 Methodology

3.1.1 DSN augmentation planniagproach

To identifynetworkaugmentation 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 Reviewing future network performance under a range of demand and generation scenarios considering government
policy and economic growth geotions.

For any major transmission limitations identified, AEMO performs an exploratory study, uk&agl mgirket
modelling to identifypotentialmarket benefits of relieving the transmission limitations.

Appendi x C has mor dransmissionetwoe tinitation review appEoktD.6 s

If positivenet market benefits are identified as likely, AEMO initiates afg@asibility study, using detailed market
modelling to assess the benefits from credible augmentation optmesnding on thecale of costs, if positive net
market benefits are projectethis prefeasibility study may lead to a RTT

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

37 DSN limitations represergtwork capacity shortfalls which impose constraints on power transfer or result in inability to meet the network peefjuitemeats
set out in NER or other relevant legislation or regulations.
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Further detail on the DSN pl anVicioriamgElectécityiPlarhingl Appgachc an b e

3.1.2 Jointplanning

AEMO undertakeactivejoint planning with other TNS#&l DNSP# discusand investigatehe challenges and
opportunities in addressing transmission limitati@iseveral forums, including those summarised.below

Regular joint planning meetings

For the purpose of effective network plannimyictoria AEMO conducts regular joint planning meetings with
TransGrid, TasNetworks, Electraldatl Victorian DNSPs. AEMO also works in close collaboration with the Victorian
Government.

Executive Joint Planning Committee

The Executive Joint Planning Comn{ii@eCgoordinate®ffectivecollaboration ancdconsultation between
jurisdictional planningadlies, and AEMn electricity transmission network planning issues to:

9 Coordinate planning between regions and nationally
9 Develop the framework for tHategraed System Plan recommended by FingkeReview
1 Continuously improve current network planning practices.

9 Coordinate on energy security across the NEM.

AEMOchairs theJoint Planning Committee meetiagd separately attends as the Victorian TNB#s is working
committee, supporting the EJPC in achieving effective collaboration, consultation and coordinationNfeReeeh
AEMO on electricity transmission network planning issues.

Joint planning projects

The outcomes of the jopkanning discussioasd investigations via the abof@umshave been incorporated into the
VAPR in the context of the following projects:

1 ISP(refer to Chapter 5.

9 Western Victoria Renewable IntegrationR(fefer to Secti®@8.6, 5.2 and 5.3.

9 New South Wales to Victorexport capability (refer to Secti@8.8, 5.2 and 5.3.

1 New South Wales to Victoria import capability (refer to Se&i8n5.2 and 5.3.

9 Distribution network planning atie potential DSN impacts and considerations (refer to S8d@jon
1 South Austrea Energy Transformation Ri{refer to Sectioi3.6, 5.2, and 5.3).

9 Marinud.ink(refer to Sectios.2 and 5.3.

3.1.3 Scenarios considered

The scenarios considered in this report assess how augmentation needs may be impacted by aneertgrifes.
The senarios consided sensitivities to factors such as population and economic growth, technology uptake, consumer
confidenceand the identification of renewable energy zo(REZs)he scenarios also consédigpotential changes
to the generation mpindudingREZ4p meet renewable energy targets at State and Federal Government level.

Specifically, th018 VAPR consided the following scenarios over a-{@ar outlook:

i Fast change scenadmssume operational consumptiageneration expansioand retirement plagin line with
the 2018 ISPgeneration outlook for the FagtangescenarioCompared to theentralscenario,tis scenario has
higher load growth, delivers greater emissions redugcisosispported by faster reductions in technolomgts and
a higher takeup of energy efficiency measures and electric vehacldsas stronger doestic and international
gas demand.

1 Centralscenarid assume operational consumption, generation expansiod retirement plasin line with the
2018 ISP generation outlook for t@entralscenarioThis scenario alsssumee range of central, or mighoint
projections of economic growth, future demand growth and fuelTduaipcomin@018 ISP modsitwo central
casesdO Neut r al 0 withsbdaged Me u ti rad li v e dfocusSdatenside@tibriBothy MeBtiRlcaseas

38 AEMQ Victorian Electricity Planning Apprpa6i6, available at http://www.aemo.com.au/Electricity/Policiasd-Procedures/Planning/Victoridfiectricity
PlanningApproach
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the proposed Snowy 2 iditiative isat the end of the/APRs 10-year outlook Fuurework packages on each
potential augmentation will explicitly consider the impact of any committed storage devedopment

1 Slow change scenardoassume operational consumptiogeneration expansioand retirement plagin line with
the2018 ISP generationutlook for theSlowchangescenarioCompared to the&Centralcase this scenario also
assume weakereconomic growthveaker gas demand, and, whiarrent emissions targatsuld bemet the
facilitating technologies not deveingas quickly and takep of energy efficiency measurbesinglower.

3.2 Completedorojectsand retirements

3.2.1 Networkupgrades
The followingprojectshave been completed since the 2017 VAPR:
9 Deer Park terminadtation

- AEMO, Jemena, and Powercor identified the need for a new terstatian at Deer Park to address limitations at
terminal stations servicing Jemena Bral w e r déstoibutidrs networks in the western Melbourne metropolitan
area’®. The new Deer Park terminal station was completed in August 2017.

9 Additional Ballara® Moorabool220 kV circuit

- This circyistrung on the vacant sidéthe existing transmission line towses proposed as the second stage of
the preferred option from the Regional Victorian Thermal Capacily RHE continuous rating of the new ¢irsui
420 megavolt amperedVA) at 40° C and was completed in mRD1740,

3.2.2 New generator connecti®n
The following generator connections haeen completedince the 2017 VAPR:

TThe28. ™MW Yal oak South Wi nd Far m c¢onn e aetwerd between Ballagat Vi ¢t or
and Brooklyn in late 2017.

fThe 31 MW Kiata Wind Farm connected to the Victorian

1 The 55 MW Gannawarr&olar Farm connected to the Victorian DSN at Kerang Terminal Statoy 2018.

Becaus@EMO is responsible fptanning andperating the transmission network, this section dopsesent
connectionsmbeddedwithin thedistribution network.

3.2.3 Retirements
There have been no retiremeimsheVictorian DSN since the 2017 VAPR.

3.3 Committed generation and transmission projects

Information on committed future terminal station projects for connecting load or generation is also presented in this
section. This is supported by AEMOSG®G statipneihViadoyd. and gui del

3.3.1 Committed generation projects

As at March 2018,He followinggenerationprojects meet the criteria for committed projects, having advanced to the
point where proponents have secured land and planning approvals, entered into contracts for finance, and either
started construction or set a firm date:

1 Coald Loy Yang B (upgrad€y8 MW).
1 Solar(DSN connectio@none.

1 Solar(distribution connectiahBannerton Solar Park (88 MVW3annawarra Solar Farm (55 M) Swan Hill
Solar Farm (134W), and Yatpool Solar Farm (81 MW)

39 JemenaPowercor, Jemenand AEMQoint regulatory test reporavailable at https://jemena.com.au/industry/electricity/netweplanningivesterametropolitan
melbourndransmissieconnec

40 AEMO Regional Victorian Thermal Capacity Upgea@dable athttp://www.aemo.com.au/Electricity/Planning/Regulattmyestmenf estor-
Transmission/RegiosdctorianThermalCapacityUpgrade

41 AEMO Guidelines for Establishing Terminal Stations in Victoriaa2dileble at http://www.aemo.com.au/~/media/Files/Other/network_connections/0174
0018%20pdf.ashx
42 This project is complete and connected to the Victorian DSN.
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1 Wind (DSN connectiod)Crowlands Wind Farm (80 MBSN.

1 Wind (distributiorconnection) Kiata Wind Farm (31.05 M3, Mt Gellibrand(132 MW), Salt Creek (54 MW),
and Yaloak South (28.7 MWAA.

Becaus@EMO is responsible fplanning andoperating the transmission network, this section dopsesent
connections embedded within digtribution network.

More hformation orommitted angotential generation projects for development over the next 10 years can be
found on AEMOGs ¢ e n“ Adisteocantainingfinfbormatior oin laftygerneratgr eonnections is
also pullished on AEMOs webhgke

3.3.2 Committd transmission network projects

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

1 Bulgana terminal station

- This new terminal statibatween Ararat and Horsham Terminal Stati@edjtating the connection of Bulgana
Wind Farm, is expected to be completed in early 201Bulgana Wind=arm was not reported as committed in
the March 2018 update of the AEMO generator information page.

9 Crowlandderminal station

- This new terminal statibatween Ararat and Horsham Terminal Stati@adjtating the connection Gfrowlands
Wind Farm is expected to be completed ilate 2018. Crowlandd/Vind Farm was reported as committed in the
March 2018update of the AEMO generator information page.

9 Murra Warra Terminal station.

- This new terminal statibatween Horsham and Redcliff Terminal Statiaciifating the connection bfurra
Warra Wind Farm Stagel,is expected to be completed mid 2019. Murra Warra Wind Farm Stagel was not
reported as committed in the March 2018 update of the AEMO generator information page.

9 Haunted Gully Terminal statio

- This new terminatation between Moorabool and Tarrone Terminal Stations, facilia¢gircpnnection of
Stockyard HilWind Farm, is expected to be completed late 2019. Stockyard Hill Wind Farm was not reported
as committed in the March 2018 updatethe AEMO generator information pégjyer! Bookmark not defined.

Refer to Chapter 4 for information on transmission asset retirements.

3.4 Potentialgeneration projects

Forlarge scalegeneratos connecting to theictoriaDSN AEMO is involved in all stages of the connection process,
from prefeasibility to completion.

For generator distribution connections, the connecting DNSP manages the connection process andistioé main p
contact for the connection applicant.

I nformation on AEMO3s p4%, aetwerk augnentdtians to catertfowrew ¢genecaton ne ct i or
connections, and requests for networkiataa n be found on AEMO&6s website.

3.5 Opportunities an@hallenges for connecting new generation in
Victoria

The high level of renewable genation connection interest iastern Victoria, due to favourable wind and solar
resources in the area, al i gn sthisapartofVvictoriadeWestedrPVicwriaji dent i f i ¢
Murray River, and Moyne.

43 AEMO Generation Informatigravailable athttp://www.aemo.com.au/Electricity/Planning/Relatedormation/GeneratioiinformationDefinitions for committed
proects are under the 6Background informationd tab on each regional spreadshe

44 Generators with a nameplate rating of 30 MW or greater.

45 AEMO Register of large generator connecis, available ahttp://www.aemo.com.au/Electricity/NationBlectricityMarket NEM/Planningnd-
forecasting/Victoriasiransmissitnetworkserviceproviderrole/Registefof-Large GeneratorConnections

46 AEMQ Network Connectioravailable athttp://www.aemo.com.au/Electricity/Netwetkonnections
47 AEMQ Policy on provision of network dateailable at: http://www.aemo.com.au/Electricity/Policiasd-Procedures/Planning/PolionProvisinof-NetworkData
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If the volume of new generatiaative in current connection applications and enqooaie®ects into the grid,
individual generators (both new and existing) may be constrained, mainly due to #retspgstem strength
limitationof the transmission system @st@rn VictoriaNetwork limitations outside o&stern Victoria (including
interconnector capability) may also constrain the output of these new generators.

1 AEMO is undertaking the Westéfictoria Renewable Integration H17o assess the technical and economic
viability of increasing trasmission network capability irstern Victoria, to identify the preferred augmentation
option and its optimal timing (see Sectiéntlow).

1 The creatin of new REZs in remote areas @stern Victoria could lead to low system strength issues, as renewable
generating units generally contribute much lower fault current and low inertia than conventional synchronous
generating units. Generators connectingréas with low fault levels which are below the generator capability
requirements will be required to improve system strength to meet their capability requilgeeSdstion 5.2.2f
this VAPRNd the ISP fomoredetail on system strength requirements

New generator connections should also consider the impaweoMarginal Loss Factors (MLFs) at their connection

point. In dispatch and settlement in the NEM, the price of eleddaigetly influenced byhe MLF. Renewable

generation in wsternVictoria is remote from Victorian load centres,@sdsuclis exposed to higher network losses,
represented througlowerMLFSsA gener at or 6s revenue is directly scaled
transactions and revenue derived frong&ascale generation certificates (LGOBgimpending SPhasfurther detail

on the impact of MLFs on the REZs.

More information ompportunities andhallenges foconnecting new generatiorMittoria can be found on AENNG
websites,

3.6 Currentransmissndevelopment opportunities

Western VictoridlRenewable IntegratiorRIFT

The Western Victoria Renewable IntegrationTRideks to increase the capability of whesstern Victoria power
system, and reduce congestion of projected new generation negi@at. See the Project Specification Consultation
Report (PSCR) of this-RIfbr more informatidh

AEMO is currently progressingPeoject Assessment Draft Report (PABRh will identifghe preferred optiorfor
augmentationas well as the optiméming for investmerAEMO will publish the PADR for thisTRETDecember
2018.

South Australian Energy Transformation RTT

ElectraNet is exploring network and ot wor k opti ons that can facilitate S
through theésouth Australian Energy TransformatioRIT

AEMO is engaged in joint planning with ElectraNet investigating the feasibility of one of the options being considered,
a potential new interconnection between Victoria and South Australia.

Victorian Reactive Power Support RITT

The VictoriafeactivePower Support RIAT seeks to increase the level of reactive power support within Victoria to
maintain transmission system voltages within operational limits during minimum demand periods. See the Project
Speciftation Consultation Report (PSCR) of thik fRiTnore informatidh

AEMO is currently progressingPeoject Assessment Draft Report (PABiRh will identifythe preferred optiorfor
augmentationas well as the optimal timing for investment.

SectiorB.7 below discussesSEM@@ reactive power management strategy.

48 AEMO, Network Connection Initiatives, availabletat//www.aemo.com.au/Electricity/NatiorEletricity-MarketNEM/Networkconnections/Netwotonnection
initiatives

49 AEMQ Regulatory Investment Tests for Transmiagdable at https://www.aemo.com.au/Electricity/Natior&lectricittMarket NEM/Planningand-
forecasting/Victoriafiransmissienetworkserviceproviderrole/Regulatoryinvestmenrtestsfor-transmission

50 ElectraNet. South Australian Energy TransformatidhdBilable at https://www.electranet.com.au/projects/sowthstraliarenergytransformation/
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3.7 Reactive pwer management strategy

High voltages due to lightly loaded transmission lines in the\®esthCorridor around Geelongeilor, Portland,
and Moorabool have been observed during minimum demand paittiare expected to worsen with projected
reductions in minimum operational derfland

Beforethe closure of HazelwooBRower Statioin March 2017 AEMOmanagedhightransmision systemwoltages

with shorterm deenergisation of a single 500 kV line when other means of voltage control had been exhausted.
Following the closure of Hazelwdddwer Statiorthe frequency of low 500 kV line loading under minimum demand
condition$as increased

AEMO and Victorian DNSPs halsojointly investigated the option of switching off distribution capacitors during
light load periods to manage high voltagés. a result of the investigati@temporary arrangement has been made
to switt off up to 350megavolt amperes reactive (MVAr) of distribution capacioce December 2017

Howeversince March 201&ven with switching off distribution capacitors, the need fendegisation of 500 kV
lines has increased significantly. By M2@18, the deenergisation of 500 kV lines tidoeen implemented more
than 40 times during light load perieth manage high voltage, and eenergisation of two 500 kV lines has also
been required five times during very light load periods.

With the forecastontinued reduction in minimum operational demand, futieeedigisation of single and two 500
kV linesmay be requiredo be implemented more frequently, and potentially evemergisation of three or more
500 kV lines may be required within the néxe years.

While de-energisation of 500 kV line(sanhelpkeep voltages within operatirand designimits,it can also
potentially constrain generation, incurring a market impact. Fheatgisation omultiple500 kV lines also increases
operationalrisksdue to reduced availability of transmission infrastructure.

AEMO considers denergisation of single 500 kV lsgequently and two 500 kV lines occasionally undesirable, and
de-energisation of more than two 500 kV lipasticularly undesirableonsideringnarket impact and
reliability risk2.

AEMO is undertaking the VictorigactivePower Support RIAT3 to identify the preferred longerm solution to
maintain voltages within operatiorsald desigrlimits. The required lead time for major engntations from a RTT
can be up to three yeargepending on the preferred option.

In the interim, AEM®reactive power management strategy in the short to medium term is as follows:
1 0 to 6-month timeframé the use of special operational measures:

- Lower operational voltage limits ite 500 kV bus connecting Loy Yang Power Statmallow for full utiliation
oft he existing generatorfs reactive power capability

- Discuss with DNSP the arrangesfendistribution capacitor switching off or transformer tapping.
- Investigate and implement any network reconfiguration.

- 500 kV line switching, taking into accaDperationsPlanningWorking Group4/Power System Security Working
Group position on the reasable use of line switching for voltage control.

1 6-month to 3year timeframed implement lower cost (less thann$ilion short lead time solutioosce they are
economically justified

- Negotiatewith existing generators to provide additional voltage cargupport
- Install additionatircuit breakersnexisting 500 kMine shunteactos
- Install an additional reactor on the 220 kV network

The RFT will identify the preferred (staged) solutions beyond Hye& timeframe, which could include network
lutions, such as the installation of new static and dynamic reactive plant,-aetivook solutions.

51 Minimum operational demand is forecast to fall from approximately 2,300 MW in-2@16 approximately 900 MW in 202728. AEMO is reviewing the
methodology for forecasting minimum demand at connection point level to assist in undetstaigka associated with reducing minimum demand.

52 Increased risk of load shedding should there be an unplanned loss of a single of multiple network assets.

53 AEMQ Regulatory Investment Tests for Transmiagélable at https://www.aemo.com.au/Electricity/Natiorlecticity-Market NEM/Planningand-
forecasting/Victoriariransmissienetworkserviceproviderrole/Regulatoryinvestmenrtestsfor-transmission

54 AEMQ Operations Planning Working Growgvailable at http://www.aemo.com.au/Stakehold€ronsultation/Industfprumsand-workinggroups/Other
meetings/Operation®lanning/NVorking Group
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3.8 Emerging development opportunities

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

The following emerging development opportunities have been identified:

1 Improve Victoria to New South Wales export capahitibytransfer surplus generation out of Victoria to New South
Wales

1 Improve New South Wales to Victoria import capability.

Improve Victoria to New South Wales export capability

The 20T VAPR assessment of export capability to New South Wales concluded that the gross market benefits of
increasing Victoria to New Southalals export capability was likely sufficient to justify augmentingskeciated
three limitations within the Victorian DSN.

The 20B VAPR reassessed the export capability to New South Wales considering the latest available information.

Impact on transngsion performance

Export capability from Victoria to New South Wake$&requently limited by thermal capacity limitations on the South
Morang F2 transformgBouth Moran@ Dederang 330 kV lines, and a transient stability limitation. These limitations
will constrain generation within Victoria during times of high Victoria to New South Wales export.

Forecast market benefit

Based on preliminary modellirige farecastgrossmarket benefit of relievingll limitations impacting Victoria to
New South Wales export épproximately $20 millionand $195 milliorover the next 40 years under the Slow
Changeand Centrd scenarigrespectivelyand increases to approxiredy $495 million under the Fa€hange
scenarioThe benefitprojectedunderthe SlowChangescenario argreater thanunderthe Ceriral scenaridoecause
overall Victorian demand is lowenderthe SlowChangescenaripresulting inrmore renewable genetenbeing
exported Theprojectedbenefits for the Fasthangescenario are significantly highdue to significantly higher
levels of renewable generation connectingestern Victoria under this scenamsulting in more renewable
generation being exported

The benefit comes from allowing New South Wales and Queensland cusiomeceesse use of lower cost
generation from Victoria. South Australian customers will also benefit, because this augaientatosases the
Victoria to South Australia export limit.

Thegrossmarket benefiteinder all scenariosere calculated assuming that all limitations within the western Victoria
areas would be fully removed by the preferred option to be identifiedhmy WesterrVictoria Renewable
IntegrationRITT. As such, the market benefits calculated represent the upper bound of market benefits achievable,
and are sensitive to the preferred option to be identified by the Western VidRen@wable IntegratidRITT.

Development options considered

Any project to improve Victoria to New South Wales export capability will need to collectively atheiasiations
on theSouth Morangr2 transformerSouth Moran@ Dederang 330 kV linesnd the transient stabilitimit as they
all play a similar role in limiting the transfer from Victoria to New South Wales.

The following three augmentation options may be considered:

1. Installation of a new 500/330 kV transformer at South Morang.
2. Uprating of the South MorarigDedeaang 330 kV lines by conductor-tensioning.
3. Increasing the transient export limit, through neteti&ns such as a braking resigiononnetwork solutions.

The projected total cost of these augmentation options is approximately $75 mdli@veyif more substantial
upgrades or a new circuit were to be requitedaddress th&South Moran@ Dederang 330 kMine limitationthis
cost could increase.

The augmentation options listed above only present one possible set of options. There mayjugoothaihich can
also increase the Victoria to New South Wales transfer limiabbive options should be treated as indicative only,
and a RIAT will be required tadentify all feasible solutions and the preferred option.

Conclusion

The 2018 VAPR analis shows that the gross market benefits of alleviating the three limitations are likely sufficient to
justify augmentations, under all three scenarios.
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Theupcomin@018 ISP also highligdithe need for increased interconnection between Victoria andSdatin
Wales. AEMQill commence a RTTollowing the release of the IS®identify the preferred option for increasing
the Victoria to New South Wales export capability. Rl will also consider latest developments, includamgy
the Western Victoria Renewable Integration RISouth Australian Energy Transformatiem, Btibwy 2.0 and
AEM@B ISP.

Refer to Section 5.3 for detail on how augmentations to the Northern Corridor relates to the long term strategic plan
for the NEM

Improve New South Wales to Victoria import capability

Impact on transmission performance

Import capability from New South Wales to Victasidimited by thermal limitations the Murray d Dederang 330
kV linesthe South Moran@ Dederang 330 kV linesnd the Dederan@ Mouri Beautyd Eildond Thomastown 220
kV transmission path, as well as a voltage stability limitation. Any increase in this import cagaaipyswpport
Victoria during high demargkriods

Development options considered

AEMO igonsidering network and nraetwork optionsThesenclue (butare not limited tpthe following possible
options, which can be implemented within a short lead time, to increase import capability for the short to medium term:

1. Implemenan automatic loadghedding scheme to allow for operating the Mudd&ederang 330 kV lingto a
higherthermalrating. This measure will increase the thermal import limit to Victoria by about 200 MW.

2. Increase théhermaltransfer capability by installing wind monitorfagilities on the DederangMount Beauty
Eildond Thomastown 22KV lines.

3. Implement an automatic load shedding scheme to allow for operating thedElildomastown 22KV lines to a
higherthermalrating.

4. Procure network support services to incrdasedltage stability import limit to Victoria from New South Wales.
This service may involve the provision of additional reactive support (generating).

Thermal limitations

Thermal limitations on the Muriapederang 330 kV lines, the South Moré@rigederang 330 kV lines, and the

Eildond Thomastown 220 kV transmission path can also limit import capability from New South Wales to Victoria.
AEMO isnvestigating the feasiliyi of the load shedding and wind monitoring options mentioned abdmerease

the thermal limitations of the lines limiting import from New South Wales to Victoria.

The level of Murray generation influences the import capability from New South Wlemtia. If the ambient
temperature is 45°C, the EilddiThomastown 220 kV line is the binding line for lower levels of Murray generation
(less thari, 100 MW), whilk the Murrayd Dederang 330 KV line is the binding line for higher levels of Murray
generaion @reater than1,100 MW). If the ambient temperature is 40°C, the binding line would be the Mairray
Dederang 330kV ling regardless of the level of MurrayenerationSeeFigures8 and 9 for detail.

Figure 8 Level ofNew South Walesmport and Murraygeneration with 45°C line ratings
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Figure 9 Level ofNew South Walesmport and Murraygeneration with 0°C line ratings
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AusNet Services sieeceived approval for aNetwork Capabity Incentive Parameter ActiolaP(NCIPAPproject to

install SmartVirestechnology at Wodonga Terminal Station (WOTS). This can reduce the reactance on thé& Jindera
Wodonga 330 kV lineallowing more power to flow through these limesi reducing loading on the Murray

Dederang 330 kV lines. The Murrdypederang 330 kV lias can constrain imports from New South Wales to

Victoria and as suctthis project has the potential to improve tleswWouthWalesto Vidoria import capability by

14.5 MW. This project can also improve tle$outhWalesto Vidoria voltage stabilityimport limit by

approximately onethird of the thermal benefiind isexpected to be completed in the first quarter of 2020.

Voltage stability limitation

The operation of generating units in synchronous cendaode when not generating active powet piibvide
dynamic reactive support theanrelieve the existing voltage stability limitation constraining import capability from
New SouthWalesto Victoria

The voltage stability limitation acts to constrain power transfers into Victoria to a levéll fhxavent voltage

collapse iroutherrNew South Wales a credible contingency event occurs in Victoria (loss of the largest Victorian
generating unit or the Basslink interconne@&ersuch, generators able to offer synchronous cendensces in
uthermNew South Walewill have the greatest impact, followed bgneratingunits located inorthern Victoria

near theNew South Waleborder.

AEMOsoughexpressions of interedOlsjrom NEMregistered generators with generating units that Haee
capability to operate in synchronous condensode when instructed by AEMO. Theesdces could be required at
times when a generating unit is not dispatched to pr@adtiee power, but is available to be run as a synchronous
condenser. AEMO has ee®d responses to the EOI and is assessiingeblenical and economic feasibility.

TransGrid hareceived approval for aNCIPAP® projectto install a 100 MVAr capacitor southerrNew South
Walesto relieve this voltage stability limitation. Trans@idndertaking detailed studies to identify the optimal
location for the capacitor. Further detail can be found in Tran®@8itil8 Transmission Annual Planning Report
(TAPRS.

Conclusion

AEMO is pursuingimor augmentation optignsith relatively low assand short lead tingto increag the import
capability from New South Wales to Victoria.

In addition to the Victorian augmentations, plans are in place to augment the BuRew&liffs 220 kV line in New
South Waleswhich will allow the line tmperate at its thermal rating.

Future developments impacting the generationsméh as Snowy 2.ayrequire major augmentations and will
need to be assessed through a detailed-feasibility study.

Refer to Section 5.3 for detail on h@awgmentations to the Northern Corridor relates to the long term strategic plan
for the NEM.

55 A NCIPAP project is an actioamlfor improving network capability, put forward to the Australian Energy Regulator (AER) by a TNSP for formal asstessment, af
has been independently reviewed by AEMO.

56 Seehttps://www.transgid.com.au/publications
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3.9 Monitored transmission limitations

AEMO, through the VAPR analysis, continues to monitor transmission network limitations that may result in supply
interruptions oconstrain generation periodically, but for which there is currently no known credible solution likely to
deliver positive net market benefits.

The full list of monitored transmission limitations can be found in AppefmigeAlimitations angot expeted to
significantly impact the electricity market within the fixtears butmay have an impact on the market after this
time, depending on changes in generation locdtioreases in import export, or demand growth.

AEMO invites stakeholders tocdiss any monitored transmission limitations where they consider a solution might
deliver net market benefits. Otherwise, AEMO does not plan to undertake fiathigrd assessment on these
limitations within the next 12 months, but will continue to migggering conditions.

Relieve Mooraboob Geelong and Geelon@ Keilor 220kV line thermal limitations

The Moorabood Geelongd Keilor 220 kV corridor delivers generation from western Victoria to Melbourne and is
out of the scope of the Western Viddor RITT. As such, AEMO had undertaken detailed analygart of the VAPR
to identify the begfits of increasing the capacity tfis corridor.

Impact on transmission performance

The Western Victoria Renewable IntegratiRI¥T will seek tancreae capacityand relievetransmission limitations
within western Victorido allow additional VRET renewable generation to be transferred from this region to load
centres elsewhere in Victoriae tapacity of theMooraboold Geelong and Geelon@ Keilor 220kV lines mayeed

to be increased. The timing aextent ofany potentialconstrainis sensitive to the amount and location of the VRET
generation, as well as tigreferred option ofthe Western Victoria Renewable IntegratRiFT.

Forecast market bengf

The forecasgirossmarket benefit of relieving the MoorabadlGeelong and Geelon@ Keilor 220 kV line thermal
limitations iapproximately $1.5 million over the next 40 years underGeatralscenario, under $1 million under the
SlowChangescenaripand increases to approximately $165 million under the EnahgescenarioThegross
marketbenefitsunderthe Fast scenario are significantly higthee tosignificantly highdevelsof renewable
generationconnectingn Western Victoriainder this seario. This leads to greater market benefits being realised by
relievingconstraints on Western Victorian generators

The market benefitender all scenariosere calculated assuming that all limitations within the western Victoria areas
would be fully reraved by the preferred option to be identified by tigestern Victoria Renewable IntegratRhF

T. As such, the market benefits calculated represent the upper bound of market benefits ganevatdesensitive

to the preferred option to be identifiedylthe Western Victori@enewable IntegratioRITT.

Development options considered
The following network development option could address these limitations:

1. Installing a new single circuit Moorabé@eelong 220 kV line with a rating of approximately 80VAat
35°C, with an estimated cost of $2Imillion

2. Replacing the existing Geelor@Keilor No. 1 and No. 3 22@V lines with a new double circuit lines rated at
700 MVAat 35°C, with an estimated cost of %3 million.

3. Parallel the existing three Geelgd Deer Parkd Keilor 220 kV circuits to fora Geelongd Deer Park and
Deer Parld Keilor circuit, each rated 810 MVA at 35°C, at an estimated cost of $3.1 million.

There may be other options to address these limitafibesoption presented should toeated asindicative only
and a RHAT will be required to determine the preferred option.

Conclusion

The 20B VAPR analysis shows that gross market beagditaore than sufficient for investment under the Fast
scenario buinsufficientinder the Slowrad Centralscenarioso address the Moorabodl Geelong and Geelon@
Keilor 220kV line thermal limitations. AEMO elifiselymonitor these limitatigriaking into consideration the
preferred option of theNVestern VictoridRenewable IntegratioRIFT and the level of VRET generation connection.

Refer to Section 5.3 for detail on how augmentations to the Moor&mmdbngKeilor line relates to the long term
strategic plan for the NEM.
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3.10 Distribution planning

In undertaking augmentation planning, AEMOdenssDNSP plans for existing and new connection points, and
addresses the impact of DNSP plans in its assessment of transmission network limitations.

AEMO addresses the general impact of distribution network modifications (including load changesind netw
configuration changes) on the DSN by modelling these modifications at connection points. AEMO and DNSPs work
together, undertaking joint planning to address connection asset limitations and potential solutions (for example,
installingadditional transérmers at existing connection points or establishing new connection points). This identifies the
most efficient solution for both the distribution network and the DSN.

Appendix B lists the preferred connection d i f i cat i ons {2019 firanshissioh @onnedion PIBNNIgQP s 6
Report, and potential DSN impacts and considerations.

3.11 Network Support and Control Ancillary Services

AEMO has naturrentlyidentified a Network Support and Control Ancillary Services (NSCAS) gap in Wittichas
not beingdealt with
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4. DSN asset retirement,
derating, and replacement

This chaptesddress new NER requiremdrgsause oRules changes related to DSN asset retirement and deratings

Key insights of this chapter
9 AusNet Services has provided a more detailed assetwal plan for DSN infrastructure, to make network
asset retirement, deating, and replacement decisions more transparent.

1 AEMO has worked with AusNet Services to select DSN asseéshebiibse of their age or performandée
may retire in the next-J years In each case, AEMO has then analysedutuee system needsnd hence the
potential need taeplace the assets.

1 AEM@ analysis found that a system need would arise if proposed retirements were to occur.

4.1 Rulechangegelated to DSN asset retiments and deratings

Due toaging transmission assetsanges in technology astbwingdemand growth, there is an increasing need to
coordinateDSNasset renewal and augmentation program¥ictoria and to assess the need for asset replacements

AusNetServicessresponsible for assessing the conditiovictbrianDSNassetowned, operatedand maintained
by AusNet Servicesd for making asseateplacement, retiremerand deratingdecisiongor these assets

AEMOO&s i nvol ve mdunsdictional PlannimgeBody (JRBE roainiynaolvedproviding adviceat
AusNet Servi cesd r euiouedeedfortipeaservicirovidédady theypSNoassets dweaed,
operated and maintained by AusNet Servicasd publishing AusNetiSe i AssetReBewd Pan inthe VAPR

A new rule changé for the NERwhich came to effect in July 20Téquires:

1 The Transmission Annual Planning Reports (TaRRE)dedetailed information on all network asset retirements
and deratings that wouldesult in a network constraint, that areposedover the planning period.

9 AEMO and the Declared Transmission System Operatfictoriato undertake joint planning in relation to
retirement or deating of network assets forming part of the DSN.

Thenew rule also extends the current regulatory investment test framework to include replacement expenditure. This
provides opportunities to replace aging assat&l assets no longer suitable for the cliaggnvironmentvith
modern technologies and negwork options.

4.2 Information for inclusion in this VAPR

Aus Net Servicesd 2spublshedsnthe AEMB svebSitera proviBlds mfarmation aligned
with the new NER requiremeatsording taclause$.12.2 (1A) 5.12.2 (4)(iv)5.12.2 (5) 5.12.2 (6) and5.12.2 (7).

57 Available athttps://www.aemc.gov.au/rukehanges/replacemesgxpenditureplanningarrangements

58 Available athttps://www.aemo.com.au/Electricity/NatioralectricitytMarketNEM/Planningand-forecasting/Victoriafiransmissienetworkserviceprovider
role/VictorianAnnualPlanningReport
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4.3 Jointplanning related to asset retirements or deratings

Asper NER clause 5.14A and part of this VAPR, AEMO and AusNet Services have conducted joint planning to
determine whether identified needs arise from a selected ggbpbsed DSN asset retirements

In the 2017 VAPR, AEMO highlighted tretterm need fothethree 500/220 kV transformers at Keilor Terminal
Station whichwere expected to reach the end of their service life by 2026e curremdd u s Net S e rAgsetc e s §
Renewal Plaimdicated this retirement is not proposed till 2026, which is outside the assessment tifoe tihame

2018 VAPR

The 2017 VAPR also identified the ongoing need for the 500 kV lines in the west out of Hazelwood Terminal Station.

Econoi replacement strategies will be considered as these lines reach the end of their serviced life

4.3.1 Methodology

The Australian Energy RegulatdERis currently developing a TAB&delinesvhch may include guidance fimint
planning in relation to reément or derating of network assets. Before the finalisatiothe$eguidelinesAEMO and
AusNet Services have agreedan approach for joint planning to be adopted in this VAPR:

1. AEMO and AusNet Services jointly select a set of assets indltitedis Ne t  S/AssetrenavalBad that
are likely to create a DSN constraint and possible need for-d Rifheseassetare not replaced.

2. The selected assets are grouped with their associated network components wheneveapdssiided
assessmeit conducted bgssessing their nedvk impact if retired. For example, circuit breakansl related
switchgear and secondary systeares grouped with the associated network components such as transmission
circuits, transformers, generatorsreactive pant. If a circuit breaker is retired, then its associated primary
network component will be considered as unavailable for service in assessing the system impact of the circuit
breaker retirement.

- Committed projectiansmission assets that do not form pathe DSNand most secondary equipment were
excludedfromthe network need assessment.

- Assets proposed for retiremeaiter 2025 were also excluded from theeed assessmethiie toassociated
uncertairies impacting the retirement decisions

3. An initialdesktop analysjand if required further analyswas carried outto assess witeger the retirement of
the selected assetouldresult ira network impacttat is,a network need for its replacement).

- In the case of the retirement causirdjstonneain of agenerator, a comment on how much generation would
be unavailable wagonsidered

- If the proposed retirementgouldcausdine, transformepr static VAr compensat(®VQ outages, the impact
of a credible contingency under the worst case opemtimnditions (normally either maximum or minimum
demand conditions) were examined wifbrior outageof the respective network element

Need assessment results

Table6 belowshows the assets included in the need assessment, and the assessment findings.

Theassessments wasemarily based on maximum demacehditionsexcept for theHorsham Terminal StatiSNG
which was based aninimum demarmbnditions

4.3.2 Next steps
The n&t step in the joint planning for asset retirement and derating is for:

1 AEMOwith AusNet Servicds review the current methodologhhis review will take into considerationtA®R
guidelinegto be finalised by the AER)

1 AEMOwith AusNet Servicds agree on the RIT proponentor projectswhereanidentified need arises from an
asset retirement or an asset-g#ing decisionAusNet Servicas expected tde the RFT proponentvhereat
least one of the credible options for the-RIgroject is etwork asset replacemenmh other casesEMOis
expected tobe the RHT proponent.

1 Where AusNet Services is the Rfgroponent, AEMO to provide high level information to assist AusNet Services to
decide whether to proceed with a RIT
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Table 6 Network need assessment results

Project name

Total cost
(real $M)

Location

Target
compétion date

Major assets components

Retirement outcome

Horsham SVC Controls and Protection Replacen

Horsham 9

2022

Horshan220 kV SVC

Voltage cannot be maintained within limit

Moorabool Terminal Station Circuit Breaker Moorabool 25 2023 Mooraboold Tarrone500 kV No.1 line and Moorabod Reduced reliability cause by system
Replacement (8 circhiteakers) Sydenhan®00 kV No.1line breakesand-half switch bay separation due to a single credible
contingency
Mooraboold Mortlake500 kV No.2 line and Mooraboa) Reduced reliability cause by system
Sydenhan®00 kV No.2 line breakerand-half switch bay separation due to a single credible
contingency
Moorabool 500/220 kV Al transformer doublereaker Reduced reliability andapability to meet
switch bay peak demand
South Morang 330/22kV Transformer South 35 2023 South Morang 330/220 kV H1 transformer Reduced reliability and capability to mee:
ReplacementStage 2 (One 700 MVA 330/220 Morang peak demand
kV transformer)
Loy Yang andHazelwood 500kV Circuit Breaker Loy Yang 40 2024 Loy Yangd Hazelwood500 kV No. 1line double breaker Generation constraints aneduced
Replacement Stage 2 (14 circuit breakers) and switch bay reliability
Hazelwood
Loy Yang00 kV A2 Generatortransformer double breaker  Loss 0630 MW of generation
switch bay
Loy Yangh00 kV A3 Generator transformer double breaker Loss 0660 MW of generation
switch bay
Loy Yandg00 kV B2 Generator transformer double breaker Loss 0600 MW of generation
switch bay
2024 Hazelwoodd Loy Yangb00 kV No.2 Line and Hazelwoall Generation constraints and reduced
Rowville&500 kV No.3 line breakeiand-half switch bay reliability
Hazelwoodd Loy Yandgs00 kV No.3 Line and Hazelwoail Generation constraints and reduced
Cranbourné00 kV No.4 line breakeiand-half switch bay reliability
Brooklyn 22V, 66kV and 22kV Circuit Breaker Brooklyn 19 2025 Brooklyrd Altona220 kV line single switched switch bay Newreliability limitations

Replacement (4 220 kV circuit breakers)

BrooklynKeilor220 kV line single switched switch bay Reduced reliability and capability to mee

peak demand

Brooklyrd Fishermans Be2&0 kV line single switched switct Generation constraints aneduced
bay reliability

Brooklymd Newport220 kV line single switched switch bay  Loss of generation under an outaayel

reduced reliability
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5. Long-term strategic outlook

This chapter

1 Notes some key Government policies which contribute to the transformational changes, and some initiatives currently
under discussion.

9 Assesses timtential impacts on the DSN of current and projected changes in generation, demand, and
interconnection, consistent with the national development pathway identified in the 2018 ISP fromtearfonger
strategic perspective.

9 Proposes a lorterm strategicigion to maintain a secure and resilient network in Victoria.

Key insights of this chapter

1 AEMO has analysetthe national development pathway identified in the ISPitichides
- New generation centreswestern Victoria.
- Generation from Snowy 2.0.

- A newinterconnector between South Australia and New South Wales (Riverlink), connecting into Victo
the Burong@® Red Cliffs transmission path.

- Augmentation of the interconnector capacity between New South Wales and Victoria.

- A new interconnector betwelew South Wales and Victoria (Sydenh@kiVagga via Bendigo, Kerang,
and Darlington Point).

TAEMOG6s analysis shows the following DSN i mpact
these impacts in a timely, efficient, and strategic way:

- Increased renewable generation connectiongétern Victoria would increase the need for additional
capacity on thevestern Victoria to Melbourne (via Keilor) 220 kV transmission path. The need to facilite
development of this REZ is aligned vattommendations of the ISP.

- The propose&@outh Australid New South Wales interconnector (Rivertiokhected through Burongauld
increase the need for additional capacity on the Western Victoria to Melbourne (via Keilor) 220 kV
transmission path, aglvas the North West Victoria to Melbourne (via Shepparton and Bendigo) 220 kv
transmission path.

- Additional generation from Snowy 2.0 would impact existing transmission limitabotiein Victoria, and
in turn may increase the need for additiongbaeity of the transmission paths between Snowy and Victor
load centres.

- A newlarge New South Wale8 Victoria interconnector (Sydenhdwagga via Bendigo, Kerang, and
Darlington Point) wouldcrease interegional transfer capacity ancklieve transmission constraints betwee
Kerang and Sydenham. It would increase the need for additional capacity on the Sy@etéidon 500kV
line, and on the Keilor 500/200 kV transformers.

5.1 Government emissions reduction policies

The NEM has been wndoing transformational change, driven by factors including a rapid reduction in costs of new
technology and Federal and State Government emissions reduction policies. The changes include an unprecedented
increase in DER such as rooftop PV, andcgrideted renewable generation, and the withdrawal of aging

synchronous generation.

The key government policies which will contribute to the transformatioNBMpewer system and are expected to
affect the performance of Victorian DSN include
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9 The Victoria G o v e r n n?® whicld requikéRtEaT25% of electricity generated in Victoria will come from
renewable energy sources by 2020, and 40 per cent by 2025.

TfThe Feder al G esvake RenemahbietEdesgy Tagget RENNich incentivises the itlatoon of
large-scale renewable generation financially through the creation ofdscgke generation certificatés

TfThe Feder al Government 8s SNWhHile spetificldetaisror its gnplen@ntadion ara yee e (N
to be finalised, itthelr oad obj ective is to maintain the reliabili!/
international commitmentsedectricity sector emissions reductiainhe lowest overall costs.

5.2 Potential impacts of changesMa ct ori ads i ntercol
generationmix

5.2.1 Proposed interconnector developments

Thefollowing initiatives dent i f i e d wouldaffécEhd Parfermance Bf th¥ictorian DSN because they
would result in changes in generation mix and interconnection capacity between Victoria aodnejgégions

1 South Australia Energy Transformat®hET)whichproposesadditional interconnection between South Australia
and New South Walewhich would also link into the Victoria system

fHydro Tasmani ads pr o abicdwbulBestitinaddifiona ihter¢otmecbeaedni o n
Tasmania and Victoria.

9 The proposed Snowy 2.0 proj@cand relatedtransmission netwatkvelopmentwill change some of the supply
options to Victoria and provide demand for some of the generators in Victoria.

1 A newVictoria- New South Wales interconnedtmough Kerang and central Victoria is also proposed.
The proposed developments and their impasdescribed in further detail below.

Additional South Australia interconnector

El ect r aNeTidcrre@hAdsdessiRg pathways to increase interconnection to South Atdti@lialso

assessd these pathways independently in developingtheal®d r ecommends t he ORiverLink
connectsdbdertstown in @ithAustraliato Wagga Wagga in New South Wales via Buronga. This pathe@yldalso

include augmentation of the Buronga to Red Cliffs 220 kV transmission line, affecting the perfofthanvictorian

DSN

Figure D gives an overview of therojectedimpact of RiverLink on network loading outsidevésternVictoria
region. Th impact on network loadingithinwesternVictoria depends on the capacity and location of additional
renewable generation to be installed in the area, and is discussed in Segtion

High import from RiverLink, combined with high levels of reneveaigdeatjon irwesternVictoria, is projected to
exacerbate monitored limitations on the 220 kV system between:

1 Mooraboold Geelongd Keilor.

1 Bendigod Fostervillé® Shepparton.

High export from RiverLickmbined with lowevels of renewable generationwesterrVictoria,wouldresult in
increased import from New South Wales. This is projectechterbate monitored limitatis alongViurray o
Dederangd South Morangnd Dederangd Sheppartord Bendigo, and will drive a need for additiondlew South
Walesd Victoriaexport capacity AdditionalNew South Wale8 Victoriaexport capacityis discussed furthbelow
in this section.

Figure 10 Impact on network loadingd RiverLink

59 Seehttps://www.energy.vic.gov.au/renewabkenergy/victoriasrenewableenergy-targets

60 Seehttp://www.cleanaergyregulator.gov.au/RET/Abetite RenewableEnergyTarget/Howthe-schemavorks/LargescaleRenewableEnergyTarget

61 Once created and validated, these certificates act as a form of currency and can be sold and transferred to other iadididusissses at a negotiated price.
62 Seehttp://www.coagenergycouncil.gov.au/publications/eneggcurityboard-nationalenergy-guarantee consultatiopaper.

63 Seehttps://www.hydro.com.au/cleaanergy/battery-of-the-nation

64 Seehttp://www.snowhydro.com.au/ouscheme/snowy20/
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Additional Bass Strait interconnector

The Australian Renewable Energy Agency (ARENA)asNetworks are currenlgsessingptions for a second
interconnector between Victoria and Tasmania (Marinus
Nation project.

AEMO has assess#tke impact oMarinus Lin&n the Victorian DSNonsidering four possible connection points.
Figure 11gives an overview of the impact thfe Marinus Lirdn Victorian DSNbading

Figure 11 Impact on network loadingd Marinus Link

Broken Hill
New South Wales
t

New South Wales

Wodongal

South Australia: Murray

Shepparton v
Dederang

Dartmouth

McKay Creek
Bogong

West Kiewa

Bendigo Glenrowan M. Beauts

South
Moorabool Sydenham Morang:

South Australia

$ Eildon

Heywood

Mortlak
Portland Terang % ! i Basslink Loy Yar
3 e i Loy Yana
East Geelor Yalloum
Point Henr, 5 \.l
220kv 1 Hazelwood
—g;gl;v Anglesed " stowg X Loy Yang Gas |
— v 2
500kV a Fisherm: ) [ )
HVDC x | Bend
High = ’ Jeerda |
Impact » C h Brunswi Rowille |
Moderate 5 _9' a
Impact = *;I rifjgvale |
— .. Proposed s 6 Richmon EastRowville
Augmentation = | Morwell =< |
| Tl
c
Cranbourng %I o
= S SI2
1 cu@@DTyabb ﬁ Elo
c
3 gl ! 2
= 51 @Western |
c O Port
s -l

© AEM0O2018 | Victorian Annual Planning Report 39



In summary:

9 The220 kV systen between East GeelordgGeelong, Geelon@ Moorabool and Geelon@ Keilorcould be
overloaded under certain operating conditions if Marinus Link was connected to a new terminal station at East
Geelong (Option 1).

1 The 220 kV system betwediyabb and Cranbourne could be overloaded under certain operabonditions if
Marinus Link was connected to the existing Tyabb 220 kV terminal station (Option 2).

No material impact othelocal DSNhas been found, in this hilgivel assessment, if Mariruisk is connected to
either Loy Yang 500 kV (Option 3) or Cranbourne 220 kV or 500 kV (Option 4).

However, High Basslink and Marinus Link export from Victoria to Tasmania significantly increases projected flows from
New South Wales to Victoria for allfoconnection options described above, particularly during periods when

generation in Victoria is lodditional New South Wal&sVictoria interconnectiagmportcapacity is likely to be

needed as discussed further below in this section

Upgrade tothe Victoria - New South Walegnterconnector

AEMO, in its role as National Planmeodelleda number obptionsto upgrade theVidoria 8 New South Wales
interconnectaas part of thelSP5. A number of options weesigned andexplored in this worlvhich also
considered the resilience of the transmission system

AEMO®ds | S PRimmedate actioa to dpgrade VictodaNew South Wales interconnection to increase
Victoria toNSW transfer capacity by 170 MW, through increase thermal capacitiée &Q0/220kV

transformation at South Morang and the existing South MérBreglerang 330kV line, as well as improve transient
stability limit which restricts the Victorian export capability

In addition to this low capacity augmentat@imjgh capacity agmentatiotis proposed througkerang as shown in
Figure 12

Figure 12 ISP recommended neWictoria 8 New South Walesnterconnector
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The proposed Victorid New South Wales interconnector augmentations would:

1 Unlockeenewable generation iwestern Victoridy allowing increasedexportto New South Wales

65 Seehttps://www.aemo.com.au/Electricity/NatioralectricityMarket NEM/Planningand-forecasting/IntegrateeSystenPlan

© AEMO2018 | Vicbrian Annual Planning Report 40


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

1 Facilitate the proposed Snowy 2.0 projdmt relieving constraints in nath Victoria which limit the Victorian
import and export capability from/to New South Wales.

1 Allow anyexcess renewable energy Victoriato be storedin Snowy.

While the augmentation option (showRigure 12 would improve the performance of the Victorian DSN by relieving
existing constraintis,may also increase loading on the existing netwargarticular, icouldincreae loadingon the
Sydenhand Keilor 500kV line and Keilor 500/220 kV transformers under certain operating conditions.

Potentialhugmentation options to addreseghlimitations are discussed in Section 5.4.

5.2.2 Changing generation mix

New renewable energy zoes inwestern Victoria

Since the publication of the 2017 VAPR, about 1,400 MW of new generation (inelpdinogimately 400MW of
large-scalesolargeneration has become either committedwith connection agreements signed, invdstern
Victoria are (®e Sectior3.3.1 for more details about committed generation pro)ects

In addition, developing REZ ifwWestern Victori@and a REZ in the Murray Valley gpear t of AEMOG&6s | SP
for immediate action to provide required capacity and support VRET.

It is projected that abolg,200 MW of new renewable generation will be installed insth@onedy 202566,
including:

1 2,500 MW (primarily wind) on the 500 kV ke&ood & Mooraboold Sydenham 500 kV corridor.
1 1,300 MW (primarily wind) on the 220 kV Red Clifslorshan®d Ballaratd Terangd Moorabool 220 kV corridor.
1 1,400 MW (primarily solar) on the 220 kV Red Cliéf$Vemend Kerangd Bendigo 220 kV corridor.

In addition, new generation connections north dfitieriad New South Waleborder can also impact flows in the
western Victoria area.

The transmission network in this remote area is weak, and without augmentation, does not have sufficient capacity to
allow for full dispatch of the advanced generation projects once they are built.

Implications to the DSN as a result include:

1 Insufficient thermal capacity on 220 kV Horshand Ballaratd Terangd Mooraboolcorridor forconnectingnd
dispatching th&, 300 MW of new wind generation.

1 Insufficient thermal capacity on RRed Cliffd Wemend Kerangd Bendigo220 kV corridor and the 220 kV
Bendigod Sheppartord Dederang path for connecting and dispatching td®A MW of new solar generation.

1 Insufficienthermal capacity on the MoorabadlGeelongd Keilor 220 kV corridor to deliver generation from
western Victoria to Melbourne load centres.

Figure 13shows the major transmission paths where loading is projected to significantly increase to deliver the
generation fronwestern Victoria to load centres in Victoria and also to New South Wales.

6Based on the | SPds Neutral case.
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Figure 13 Impact on loadingnew renewable generation centres in western Vic area
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AEMO may propose network and nagtwork investments to avoid thermal overloading and tifiges on these
major transmission paths, if it is economic to do so.

AEMO is currently undertaking the Western Victoria Renewable IntedrBfioto assess the technical and economic
viability of increasing transmission network capabiliyesternVictoria.Refer to the Project Specification
Consultation Report (PSTHRJ this RFT for more information on the identified need of thisTRIfAd credible
augmentation options. AEMO is currently progresdiigjact Assessment Draft Report (PAMBRM will identifghe
preferred optionfor augmentationas well as the optimal timing for investment.

Retirement of coafired generation

As outlined in Chapter 2, tiibanging generation mix has begun to materially change flows on the Victorian DSN,
following the closure of Hazelwood Power Station in March 2017. Further retiremen{fioédagnerators in the
Latrobe Valley may:

9 For 500 kV connected generation, reduce reactive power capadifitijable to control network voltages during
light load periods, increasing the need for additional reactive power support in Victoria. (Sstiliscusses this
current and emerging issue, and theTRtiffat AEMO has begun.)

1 For 220 kV connected generatiamgrease loading on the 500/220 kV transformers eboheir capacity in the
Melbourne metropolitan area during periods of high demand. The level of the increase in loading would depend on
the location and capacityf the replacement generatiomas well as the network operational configuration

New systemstrength requirements

The creation of new REZs in remote areas could lead to low system strength issues, because renewable generating
units generally contribute much lower fault current and low itfeatiaonventional synchronous generating units.

In tke 2017 VAPR, AEM@erformed a higHevel assessment to locate areas where system strength is an existing or
emerging challengén thatassessmemAEMO identifiedhat network strengtin northwest Victoriavas already

relatively low, and was projected decline further in future (see Section 4.3.2 of the 2017 VAPR for more
information).

To meet the new requirements stipulated in the System Strength FiffalAENES, in its role as the system operator,
hasdeterminé the system strength requiremergghwdology and the system strength requirements for each region,
and identifed any fault level shortfafilor each region

67 Available athttps://www.aemo.com.aulmedia/Files/Ele¢ricity/NEM/Planning_and_Forecasting/Victorian_Transmission/2017/WegtetoriaRenewable
Integration--ProjectSpecificatiorConsultatiofiReport_ FINAL.pdf

68 Seehttps://www.aemc.gov.au/sites/default/files/content/38cbd876295-4d8d-acd6-52d5adfc3041/SystemStrengthFinalRule19-Sept2017-VERSIONOR
PUBLICATION.PDF
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Given the large amount of renewable generatwoposedto be installed iwestern VictorisAEMO expects that
synchronous condersser equivalents (including roetwork options) will need to be installeavastern Victoria,
particularly innorthrwestVictorig to address emerging system strength limitations. Generators connecting to areas
with low fault levels which are below thenerator capability requirements will be required to improve system
strength to meet their capability requirements.

AEMO will further explorapproachedor improving system strength, to identify the most technically and
economically effective approachiteeet system strength requireme®ée Sectio.5 of this VAPR and the ISP for
more detail on system strength requirements.

5.3 Longterm strategic plan to addreslse changing NEM

The Victorian DSN operates as part of a largetional poweisystenmand market. It thereforwill be impacted by
changes both within aThdexibtiag/Vactordn DEN will needitodd aigmerded dénd re s .
arranged to &ccommodate projected changes in generation mix and interconnection between Victoria and
neighbouringegions

Having analysed a range of possible pathways, AEMO has developed a plausible scenario, aligned with
augmentations proposdry AEMOin the 2018ISP, to highlight potential impacts and provide a-@nm strategic
vision to maintain a secure and resilient network in Victoria.

The scenario AEMO has analysed for the 2018 VAPR includes:
1 A rew REZ# western Victoriand one in the Murray Valley area
1 Generation and pumping load from Snowy 2.0.

1 A new interconnector between South Australia and New South Wales (Riverlink), connecting into Victoria via the
Burongad Red Cliffs transmission path.

1 A new interconnector between New South Wales and Vi¢8yaenhand Wagga via Bendigo, Kerang, and
Darlington Point).
1 A new interconnector between Victoria and Tasmania (at east Geelong).

Figure 14shows the areas in the Victorian DSN where augmentadipbeneededas part of the long term
strategic outlookni Victoriato complement the above scenasobject to further technical and economic assessments
The potential augmentations are presented in Fitfoire

Figure 14 Areas in the existing Vitorian DSN impacted by studied scenario
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The sections below outline thejpcted impacts in each zone, potential solutions to address the impacts, and how the
DSN could be configured to incorporate the range of potential solufteagréerred solutions to addregwdividual
networklimitationgouldinclude network or nametwork options, or a combination of both, wiichldbe identified
throughrespectiveRITTs.
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WesternVictoria

Transmission capacity augmentations to address impaetgénn Victoria are proposed to be assessed and
implementedn stages, depending on the status of renewable generation developments and subject to economic
justification. Likely staged developments for the modelled scenario include:

1 Stage 1 (57 years):

- 500 kV option: a new rarat o Ballaratd Sydenhandouble cirait 500 kV lineand anew 220kV Bulgana
Crowlands) Ararat single circuit lin€onnecting into Sydenhamay reduce loading othe Mooraboob
Geelongo Keilor220 kV transmission line.

- 220 kV option: a new Ararad Ballaratd Moorabool double circu#20 kV line a new Bulgan& Crowlandsy
Ararat single circuR20 kV lineand load flow control scheme to reduce loading on the 220 kV Moor&bool
Geelongd Keilor path.

- Combined 220 kV and 500 kV option: a new 220 kV Aradd&allarat double circuit lina new Bulgan&®
Crowlands Ararat single circuR20kV lineand a new Ballarat Sydenham double circ®®0 kV line.

i Stage 2 (beyond 10 years):

- AnewKerangd Bendigod Ballaratd Sydenham double circi®0 kV line (the Ballarad Sydenham section may
have been constructed stige 1)Some sections of the liomuld operate at 220 kV initially, to unlock new solar
generation in nortvest Victoria.

Stage 2 may also include new 220 kV lines betwBelganad Horshan® Murra Warra and Kerand@d Wemend

Rel Cliffs. In the nearer term, a new South Austrélidew South Walemterconnector connecting to Buronga may
reduce transmission line overloads along the Red Cliffs to Wemen to R2@akigtransmission line, during periods
of high local generation western Victoria, and high expaa New South Wales

Synchronous condensers could also be installedtern Victoria at stages depending on the capacity and location
of renewable generation connections, to meet system strength requirements. Geoeraotisg to areas with low
fault levels which are below the generator capability requirements will be required to improve system strength to
meet their capability requirements.

Northern Corridor

In Chapter 3 of this VAPR, AEMO has identified a numbieritztions in thdlorthern Corridoof Victoriawhich
impact the import and export capabilities of the New South WéaMistoria interconnectors. See Sedi8rfor
more information on these limitations, and possible options to address the limitations.

Additional New South WaldsVictoria interconnection capacity will be required to ensure the effective utilisation of
the additional generation capacity and pumping storage provided by Snowy 2.0 once it is built. This additional
interconnection capactyan be provi ded by a 201&I8fPmodellirg fdentfipdtaistaged .
development witthe following indicative augmentatiéhs

1 Stage 1 (25 years)d installation of a braking resistor at Loy Yang, an additional 500/330 kV transformer at
South Morang and upgrade to the existiBguth Moran@ Dederang 330 kV circuits.

i Stage 2 (beyond 10 years) a new Kerang Darlingtond Wagga 330 kV or 500 kV doublecircuit line to tie into
the Stage 2western Victoria upgrades detailed above.

Mooraboold Geelong- Keilor

If the 220 kV option was found to be the preferred option for stage 1 development of the regional Victoria area,
additional augmentation is likely be required to reduce loading on the Moorabddbeelongd Keilor220 kv
transmission patBeeSection 37 for more information on the Moorab@Geelongd Keilor220 kV thermal

limitation.

If the Western Victoria Renewable IntegrationTRélEterming that the 500 kV option is the preferred option for
stage 1 development, the Sydenhérideilor 500kV line will need to be uprated and additional 500/220 kV
transformer capacitgr network reconfiguration at Keilor may be required to relieve thermatdiions.

To relieveoverloadsassociated witthe Sydenhar Keilor 500 kV line, the protection equipment would likely need
to be upgraded to remove the existing limitation.

The 2017 VAPR investigated the need for replacing the Keilor 500/220 kV tramstras they will reach the end
of their service life with the next 10 years. One option was to replace the three 750 MVA transformers with two
1,000 MVA units. Thisay relieve the overload resulting from the stagBQD kV option

69 The preferreddevelopment option will be determined through aTRWhich will consider other credible augmentations.
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Hazelwoodd Yallourn

Torelieve constrainessociated with insufficient 500/220 kV transformer capanithe Melbourne metropolitan
area, the latrobe Valleyd Melbourne500 kV and 220 kVnetworls may need tde operated in parallelwith a
new double circuit Hazelwoddyalourn 220 kV line to avoid overloads on the Hazelwdothllourn path

Additional studies will be required identify the optimalsolution for addressing network limitations in the Vic DSN as
a result of further codired generation retirement.

Indicative ultimate configuration

Figure 15shows an indicative ultimate configuration of the Victorian transmission network and interconnectors to
neighbouringegions

Figure 15 Indicative ultimateVictorian DSN impacted by the studied scenario
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A comparison dfigurel5 withFigure ¥ shows that most of the network limitations associated with the existing DSN
would be addressed by:

1 Shortterm (27 years):
- Upgrade to the existing New South Wal@¥ictoria interconnector (South Morérgederang path)
- 220 kV upgradesn western VictoriaBulganad Ballarat).
- 500 kV lines between Ballarat and Sydenhand 500/220 kV transformers at Ballarat.

9 Longefterm (beyond 10 years):

- Anew 500 kV interconnector between New South Wales and Vict@i@ydenhanmBallarat Bendigoand
Kerang).

- Additional 220 kV lines between MoorababGeelongd Keilor.

- Additional 220 kV lines between Murra WaréaHorshan® Bulganaand Red Cliff$ Wemend Kerang.

The new Victorid New South Wales interconnector would likely result in newagatsstvhich could be addressed
by uprating the existing KeildrSydenham 500 kV line and optimising Keilor 500/220 kV configuration.

Joint planning will be required to assess augmentation requirements for assets close to thiNéetdBiauth
Wales bader.
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A1. DSN monitored limitation
detail

These details for monitored transmission network limitations are grouped geographically.

Monitored limitations identified in the 2017 VAPR are all included in the 2018 VAPR, but a number of limitations
identified prior to 2017 VAPR as monitored are not included in the 2018 \B&R&use their triggers are now
unlikely to occun the 18year planning horizon, dhey have beeraddressed as part oémerging development
opportuniies(see SectioB.8). This is due to changes in network loading resulbmgcdommitted network projects,
projected decreases in demand, or change in generation mix.

The options presented in the-salations below should be treated as indicative, anlg a RIAT will be required to
determine the full list of network and amgtwork options as well as the preferred option. The preferred option may
include one or a combination of the options presented in tkeestibns below.

Al.1 Eastern Corridad monitored limitations

Table 7 Limitations beirg monitored in the Eastern Corridor

Limitation Possible network solution Trigger* 2016 NTNDP status Contestable project
status
RowvilledYallourn Upgrade the 220 kV During period ofextremely Not identifiedas a The line upgrade is
220 kV line loading Hazelwoo@Rowville or Yalloudn high temperature and high  material limitation in  unlikely to be a
Rowville lines. output from Yallourn power the scenarios contestable project.
station. modelled.

* Triggers are the operating conditions under which tation may result in supply interruptions or constrain generation periodically.

Al.2 SouthWest Corridord monitored limitations

Table 8 Limitations being monitored in the SouWest Corridor

Limitation Possible network solution Trigger* 2016 NTNDP Contestable mject
status status
Mooraboold {1 A switched capacitor with individual ~ New generation connections  Limitation not 1 Switched
Heywoodd phase switching at Heywood or near  along theMoorabood considered as part ~ capacitor and
Portland 500 kv Alcoa Portland with an estimated cost Heywoo@Alcoa Portland 500  of 2016 NTNDP static VAr options
line voltage $14.2M. kV line potentially introduce scope as it is are likely to be
unbalance** 1 A static VAcompensator (SVC) or a voltage unbalance along the  related to voltage contestable
synchronous static compensator line. The impact of voltage quality. projects.
(STATCOM) at an estimated cost of ~ unbalance levels increasa 1 Line transposition
$32.9M. proportion to power flow is unlikely to be a
1 Additional transposition towers along tt magnitude and direction, new contestable
Mooraboold Heywoodd Alcoa Portland  generation connection points, project.
500 kV line at an estimated cost of and output generaid.
$37.4M.
Inadequate A new MooraboodMortlake/ Tarroned If significant wind generation  Not identifedas a The new line is likely
uthwest Heywood 500 kV line with an estimated and/or gas-powered material limitation to be a contestable
Melbourne 500 cost of $552.51. generation (GPG) (over 2,500 in the scenarios project.
kV thermal MW in addition to the existing modelled.
capacity generationfrom Mortlake) is

connected to the transmission
network in the SoutWest
Corridor.
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Limitation Possible network solution Trigger* 2016 NTNDP Contestable mject
status status

Moorabool Install g@eration intettrip schemes Largescale new generation Not identifed as a The new trasiormer

500/220 kV Instaltthird Moorabool 500/220 kV connected to western Victoria material limitation is likely to be a

transformer transformer costing approximately area, and congestiowithin in the scenarios  contestable project

loading $24.7M. western Viwria relieved to modelled.

allow the new generation to be
sentout of western Victoria.

* Triggers are the operating conditions under which a limitation may result in supply interruptimtsaor generation periodically.
** AEMO intends seeking a rule change proposing an increase the negative sequence voltage imbalance levels on timerteansnkissio

Al1.3 Northern Corridod monitored limitations

Table 9 Limitations being monitored in the Northeri@orridor

Limitation Possible network solution Trigger* 2016 NTNDP Contestable project
status status
Murray 8 1 Instalithird 1,060 MVA 330 kV line Increased NSW import and Notidentifiedas  These are both
Dederang between Murray and Dederang with Murray generation. a material likely to be
330 kV line estimated cost of $183M (excluding limitation in the  conestable
loading easement is). scenarios projects.
1 Installsecond 330 kV line from modelled.

Dederang to Jindera at estimated cost

of $152M (excluding easement costs).
Dederangd 1 Up-rate two existing lines to 82 °C Increased NSW import. Constraint The new line is
South Morang (conductor temperature) operation and This constraint will be alleviated identified during  likely to be a
330 kV line series compensation at estimated cost by the developmetrproposed to  high transfer contestable project.
loading $16.8M. increase the VIC to NSW export between VIC to

1 Instalithird 330 kV, 1,060 MVA single  limit. NSW (export or

circuit line between Dederaragd South import)

Morang with 50% series compensation

to match the existing lines, at estimate:

cost of $244.M (excluding easement

costs, and subject to obtaining the

necessary easement).
Dederangd 1 Install a wind monitorirggheme. Increased NSW import and Constraint These are unlikely
Mount Beauty  § Up-rate the conductor temperature of  export. identified during  to be contestale
220 kV line both 220 kV circuits between Dederan high export to projects.
loading and Mount Beauty to 82 °C, at estimatt NSW.

cost of $12.4M.
Eildord 1 Install wind monitoring scheme Increased NSW import and Constraint This is unlikely to
Thomastown 1 Up-rate EildoAThomastown 220 kV line export. identified during  be a contestable
220 kV line including terminations to 75 °C high import from project.
loading operation, at estimated cost of $446 NSW.
Dederang Install a fourth 330/220 kV transformer ai At times of over 2,500 MW of Not identifedas  The new
330/220 kV Dederang at an estimated cost of $1¥14 imports from NSW and Murray — a material transformer is likely
transformer geneartion (with the DBUSS limitation in the  to be a contestable
loading transformer control scheme beir scenarios project.

active). modelled.

* Triggers are the operating conditions under which a limitaégyrresult in supply interruptions or constrain generation periodically.

Al.4 Greater Melbourne and Geelongymonitoredimitations

Table 10 Limitations being monitored in Greater Melbourne and Geelong

Limitation Possible network solution Trigger* 2016 NTNDP Contestable project
status status

Rowvillé Cutin RowvilldRichmond 220 kV No.1 Increased demanadr additional ~ Not identifiedas  The line ctin is

Malvern and No.4 circuits at Malvern Terminal loads connected to Malvern itis a localised  unlikely to be a

220 kV line Stationto formthe Rowvill@Malvemd Terminal Station. issue. contestable project.

loading** Richmond No.3 and No.4 circuits at

estimated cost of BLM.
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Limitation Possible network solution Trigger* 2016 NTNDP Contestable project
status status
Rowvilled 1 Conneta third RowvilledSpringvale Increased demanor additional ~ NTNDP did not  The third circuit is
Springvaled circuit (underground cable) with loads connected to Springvale identify this likely to be a
Heatherton 220 estimated cost d§55.2M. and Heatherton Termin@tation. limitation asitis contestable project.
kV line loading  { Connect a GnbournedHeatherton a localised issue.
220 kV double circuit overhead line wit
estimated cost of $33M.
Rowville Al Install a second 500/220 kV 1,000 MVA Increased demand in Eastern ~ Not identifiedas  The new
500/220 kV transformer at Cranbourne with estimate Metropolitan Melbourne. a material transformer is likely
transformer cost of $24. M. limitation in the  to be a contestable
loading scenarios project.
modelled.

South Morang
H1 330/220 kV
transformer
loading

South Moran@
Thomastown
No.1 and No.2
220 kV line
loading

Cranbourne A1
500/

220 kV
transformer
loading

Mooraboold
Geelong-
Keilor 220kV
line loading

Keilord Deer
ParkdGeelong
220 kV line
loading***

Replace the existing transformer with a
higher rated unit in conjunction with SP
AusNet 6s asset

1 Increase the transfer capability by

installing wind monitoring facilities on tl

South Morang to Thomastown.line
1 Install an automatic load shidg

control sheme to enable the use of five

minute line rating.

1 Install a third 500/220 kV transformer
at Rowville, with an estimated cost of
$24.7M, plus any fault level mitigation
works.

Install anew 500/220 kV transformer at
Cranbourne Terminal Station with an
estimatectcost 0f$24.7M (excluding
easement cost).

9 Connect aew single circuit Moorabool

0 Geelong 220kV line with a rating of
approximatelyB0OOMVA at 35°C, with
an estimated cost of $12M.

1 Replae the existing Geelon@ Keilor 1
and 3 220KV lines with a nedouble

circuit line, each circuit rated at 700MV

at 35°C, with an estimated cost of
$75.5M.

1 Installing a new single circuit Moorabo
0 Geelong 220 kV line with a rating of
approximately 800 MVA at 35° C, with

an estimated cost of $11\2
1 Replacing the existing Geeloddeilor

No.1 and No. 3 220 kV lines with a ne\
double circuit lines rated at 700 MVA a

35° C, with an estimated cost of
$75.5M.

9 Parallel the existing three Geelodg
Deer Park Keilor 220 kV circuits to
form a Geelon@ Deer Park and Deer
Parkd Keilor circuit, eeh rated 810

MVA at 35° C, at an estimated cost of

$3.1IM.

rep

Increased demand in
Metropolitan Melbourne and/or
increased import from NSW.

Increased demanadround the
Melbourne Metropolitan area
and/or increased export to
NSW.

Increased demanaround the
Eastern Melbourne Metropolitan
area.

Largescale new generation
connected to western Vidtor
area, and congestion within
western Vioria relieved to allow
the new generation to be sent o
of western Victoria.

Increased demand at Deer Park

Not identifiedas
a material
limitation in the
scenarios
moddled.

NTNDP did not
identify this
limitation as it is
a localised issue.

Not identifiedas
a material
limitation in the
scenarios
modelled

Constraint
identified in the
NTNDP during
high renewable
generation, if
large amount of
wind and solar
generation is
connectedn
northwest
Victoria.

NTNDP did not
identify this
limitation as it is
a localised issue.

This is unlikely to
be a contestable
project.

The new
transformer is likely
to be a contestable
project.

Thenew
transformer is likely
to be a contestable
project.

This is unlikely to
be a contesthle
project.

These are unlikely
to be contestable
projects.

* Triggers are the operating conditions under whilimigation may result in supply interruptions or constrain generation periodically.

** This mnitored limitation assumes fivénute ratings are already appliedlan automatic load shedding contrctheme to enable the use of
five-minute line ratings isicently available to manage this limitation.
*** This monitored limitation assufrfiresminute ratings will be appliedlan automatic load shedding control scheme to enable the use of
five-minute line ratings will be available to manage this limitation.
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Al.5 Regional Victori& monitored limitations

Table 11 Limitations being monitored in Regional Victoria*

Limitation Possible network solution Trigger* 2016 NTNDP Contestable project
status status

Inadequate Stagedinstallation of additional reactive  Increased demand and/or NTNDP did not  Additional reactive
reactive power  power support in Regional Victoria. decrease in power factor in identify this support is unlikely
support in Regional Victoria. limitation as itis  to be a contestable
Regional a localised issue. project.
Victoria
Dederan@ 1 Install an automatic load shedding 1 Increased demand in Regiona NTNDP did not The new
Glenrowan control scheme to enable the use of Victoria and/or increased identify this transformer or new
Sheppartod five-minute line rating. import from NSW. limitation as itis  transmission lines
Bendigo 1 Install a phase angle regulating 1 Largescale new generation  alocalised issue. are likely to be
220 kV line transformer on the Bendigd-osterville connected to westeVictoria contestable
loading dShepparton 220 kV line at an area, and congestiowithin projects.

estimated cost of western Viria relieved to

$46.9 million. allow the new generation to be

1 Replace existing Dederad@lenrowan, ~ sent out of western Victoria.

Glenrowa®Shepparton and
SheppartodBendigo 220 kV lines with
new double circuiines at respective
estimated costs of $69 $62.2M, and
$95.9M (a total of $227.5v).

* AEMO is conducting &TR to identify the preferred augmentation option to address DSN capacity limitations in the regional Victoria. The
outcome of this RTTwill affect the status of the limitations in this area.
** Triggers are the operating conditions under which a tiontanay result in supply interruptions or constrain generation periodically.
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A2. Distribution network
service provider planning

This appendix lists the preferred connection modifications from the 2017 Tiam<Doissection Planning Reffort

and the potentiaDSN impacts and considerations.

Table 12 Distribution network service provider planning impacts

Location/terminal station  Preferred connection modification

DSN impacts ahconsiderations

Cranbourne 66 kV Install a fourth Cranbourne 150 MVA 220/66 kV
transformer by end of 2027.

Richmond 66 kV Permanently transfendd from Richmond Terminal
Station 66kV to new Brunswick Terminal Station 66 k
which will be done via sub transmission networks by

summeR019-20.

West Melbourne Transér load to adjacent stations and retire all the
22 kV existing WMTS 22 kV systems by the end of 2023.

Increased demand requiring this transformer will t
included in Greater Melbourne and Geelong
planning.

The impact of the load transfer has been taken in
consideration in AEMOS®S
constaints.

The impact of the load transfer has been taken in
consideration in AEMOS®G
constraints.

70 Jemena, CitiPower, Powercor, AusNet Services and United Energy. 2017 Transmission Connection Planning Report. Available at
http://sharedocs/sites/wa/p/vp/Joint_Planning/Joint%20Planning%20Meetings/TCPRs/Transmission%20Connection%20Plannin DR Fopdf.
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A3. Transmission network
limitation review approach

In assessing the impact of limitations, AEMO considers information from power system performance analysis and
market simulations each year for the next ten years regarding:

1 The percentage N andd loadings of transmission plant associated with the retoaiting limitation, based on
the continuous and shtetm ratings respectively.

9 The load and energy at risk. Load at risk is the load shedding required to avoid the network limitation. Energy at
risk is the resulting unserved energy (USE).

9 Expected USHkyhich is a portion of the energy at risk after taking into account the probability of forced outage.
1 Dispatch cost, which is the additional cost from constraining generation.
9 Limitation cost, which is the total additional cost due to both constraisreg@smand the expected USE.

Power system performance analysis generally uses more conservative assumptions about demand, temperature, and
wind speed to capture as many network limitations as possible for later market simulation testing. For tBiSkeason,
performance analysis results (that is, the percentage loadings) can show more severe impacts than market simulations.

AEMO derives forecast transmission plant loadings using load flow simulations, and develops load flow base cases for
these simulationsing the following inputs:

9 The 10% probability of exceedance (POE) terminal station demand for maximum demand base cases. For more
information, see 2016 Transmission Connection Point Forecasting Report for Victoria (see Section 1.1).

1 Historical maximunopver transfers for a high Victoria to New South Wales power trabsfes case.
9 Typical generation dispatch and interconnector power transfer patterns under thepgireting conditions.
1 The system normal operational configuration for the existingidfict@msmission network.

9 Committed transmission network augmentation and generation projects, and other projects (or their equivalent),
which AEMO considers necessary for maintaining the power system in a satisfactory, secure, and reliable state
during smmer maximum demand periods.

9 Standard continuous ratings and shemn ratings at 45 °C and 0.6 m/s wind speed, unless otherwise indicated.

1 Unless indicated, 3®inute ratings are used as skerim ratings for transmission lines. Some transmission lines
Victoria are equipped with automatic load shedding schemes, which, once enabled, will avoid overloading by
disconnecting preselected load blocks following a contingency. These schemes aksvdlapbrate up to their
five-minute shoiterm rating.

1 Wind generation availability during maximum demand of 6.5% of the installed capacity is assumed. For more
information, see the Wind Contribution to Peak Demand study results.

AEMO bases the market impact of each network limitation on probaivifiskiet simulations that apply

1 Weighted 50% POE and 10% POE maximum demand forecasts (weighted 70% and 30% respectively).
1 Historical wind generation availability.

1 Historical load profiles.

1 Dynamic ratings based on historical temperature traces.

1 Noncommittd new and retired generation, consistent with latest NTNDP generation expansion plan.

For more information about the transmission network limitation review approach, see the Victorian Electricity Planning
Approach.
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Measures and abbreviations

Abbreviation Full term

AEMO Australian Energy Market Operator

DSN Declared Shared Network

MW Megawatts

NEFR National Electricity Forecasting Report

NEM National Electricity Market

NEMDE National Electricity Market Dispatch Engine
NSCAS Network Support an€ontrol Ancillary Service
NTNDP National Transmission and Development Plan
RIFT Regulatory Investment Test for Transmission
USE Unserved energy

VAPR Victorian Annual Planning Report
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Glossary

This document uses many terms that have meanings defimedlational Electricity Rules (NER). The NER meanings

are adopted unless otherwise specified.

Term

Definition

active power

annual planning report

black system

committed projects

constraint

contestable
augmentation

electrical energy

limitation (electricity)

maximum demand

National Electricity
Market

reactive power

unserved enegy

Active power is a measure of the instantaneous rate at which electrical energy is consumed, generated or
transmitted. In largelectric power systenisis measured in megawatts (MW).

An annual report providing forecasts of gas or electricity (or both) supply, network capacity and demand, ¢
other planning information.

The absence afoltageon all or a significant part of theansmission systemwithin aregionduring amajor
supply disruptioaffecting a significant number of customers.
that is considered t eriabe

Generation proceeding

A limitation on the capability of a network, load, or generating unit such that it is unacceptable to either tra
consume, or generate the level of electrical power that would occur if the limitation was removed.

An electricity transmission network augmentation for which the capital cost is reasonably expected to exce
$10 million and that can be constructed as a separate augmentation (that is, the assets forming that augn
are distinct and defable).

Average electrical power over a time period, multiplied by the length of the time period.

Any limitations on the operation of the transmission system that could give rise to unserved energy or to g
re-dispatch costs.

The highest amount of electrical power delivered, or forecast to be delivered, over a defined gayioddek,
month, season, or year) either at a connection point, or simultaneously at a defined set of connection poin

The wholesale market for electricity supply in Queensland, New South Wales, the Australian Capital Terrii
Victoria, Tasmania, and South Australia.

I'n an AC (alternating current) po vweevoltageyasdicarant | i
oscillate together, very quickly, as they cycle through positive and negative values. This cycling process ¢
both active (real) and reactive power.

Active power moves through the system and is delivered to consumers. Reeetiispredominantly consumed
in the creation of magnetic liis in motors and transformers, aadulates voltage to keep them, within requirec
limits, so active power keeps moving podier system security and reliabiligymaintained

The amount of energy that cannot be supplied because there is insufficient generation or network capacity
demand.
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