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Executive summary

The energy industry transformation is gaining momentootha¢nd<f the energy supply chain

o from largescale generation and transmissiothtodistribution and consumer leViélis change
is creating opportunities and challenges to ma&@dthwer system more productive and efficient,
with the clear goal of delivering continued reliability and security at the lowestelongost for
consumers, while meeting emissions reduction targets.

There is a pressing need for a nationally integragtdtegic plan, which considers hbease
transformations affect the need for infrastructieeelopmenand howthe essentigkechnical
requirements of theower grid willcontinue to be efficiently meéaking a perspective across the
whole National Eléacity Market (NEM).

To this end, under its role as NEM National Transmission Planner, AEMO is preipauggral Integrateystem
Plan(ISH for theNEM.

Thelndependent Review into the Future Security of the National Electric{fifkaRetviewyecommendéd

66 By mid2018, the Australian Energy Market Operator, supported by transmission network service provid
relevant stakeholders, should develop an integrated grid plan to facilitate the efficient development and
connection afenewable energy zones across the National Electricity Market.

AEMO is calling this an Integrated System Plan (E®r than an integrated grid plaio reflect that over time, the
ISP wilby necessitgonsider a wide spectrum of interconnectedstifucture and energy developments including
transmission, generation, gas pipelines, and distributed energy resdureeiine 2018 ISP is not the end of the
process, but rather the first of many steps, with updates in future years to reflect theajyahanging nature of
the power system and the need to continually innovate and evolve strategies for the future.

The first ISP in June 2018 will deliver a strategic infrastructure development plan, based on sound engineering and
economics, which camwifate an orderly energy system transition under a range of scenghnisdSHiill
particularly consider

1 What makes a successful renewable energy zone (REZ) and, if REZs are identified, how to develop them

i Transmission development options.

AsthelS6s purpose and scope encompass those which woul d n
Network Development Plan (NTNDP), the Australian Energy Regulator (AER) has permitted AEMO to defer the release
of the 2017 NTNDP and integrate it intetfsP This document sets out the material issues to be considered in the
preparation of thelSR including issu@gichwouldotherwise be dealt with im 2017 NTNDP and 2018 NTNDP

Consultatigras required by rule 5.20 of thational ElectricitiRules

AEMO is consulting broadly and extensively at all stages during the developmeniSéf Tieés consultation paper
s et s o upropoAdadp@dach to delivering thdune 2018 SPand seeks feedback on specific questions, as
well as any broader commerds its approaches and preliminary observations.

1 Finkel et al., 2017Independent Review into the future security of the National Electriciyrbtarkenendation 5.1, available at
http://www.environment.gov.au/energy/natiorealectricitymarketreview

2 Given the breadth of these considerations, AEMO will need to build up our capacity over time to continuously enhamzgytis. ISP
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What are the key questions relating to lortgrm NEM infrastructure development?
Through consultation, AEMO has identified material questions facing infrastructure planners in the NEM, including:

1 What is thebest way to achieve the policy objectives of affordable, reliable, secure power and meeting
emissions targets?

1 In pursuing thigathway:
- What are the leastegret generation and transmission developments which are most robust to different futures?

- Couldlarge-scale renewable generation in targeted zones provide an efficient solution for future power system
development, and what storage and transmission investment would be needed to support such an outcome?

- What is the optimal balance between a morelict@nected NEM, which can reduce the need for local reserves
and take advantage of regional diversity, thereby more efficiently sharing resources and services between
regions, and a more regionally independent NEM with each regiesuiitient in systesecurity and reliability?

- To what extent coulaiggregated load shifting and prieeesponsive load
management, made available through investimoitdistributed energy resources
(DERYeduce the need for largecale generation and transmission developmenttoc  pgRrsan refer to

replace the existing generation fleet as it reaches end ofliféle maintaining distribution level
power systemeliability andsecurity? resources, which
. ) . produce electricity or
1 What is theoptimal balance between the lowesist pathway and having the actively manage

optionality to ramp up new development if required by circumstances, such as eai  consumedemand
than expected generator retirements, lower than expected DER Igrtdiestration
or higher than expectedalelopment of renewable generators?

Proposed scenarios to address these questions

The2018 ISPwill use scenario analysis to assess how efficient generation and transmission development may be
impacted by a range of uncertainties. AEMO proposes a sceatesign for thd SPwhich provides:

1 A neutral outlook a business as usual projection based on best available inputs/assumptions.

9 Two bookend scenariadichexplore futures with faster and slower rates of change, affecting the needhdior
timing oflarge-scale generation and transmission augmentawnss electricity and gas

9 A number of conceptual sensitivities to explore the impacts of specific potential projects or policy changes, such as
the proposed Snowy 2.0 pumped hydro projpcgposed additonalBass Strait interconniect and how highly
orchestrated DER could influence future {aogée infrastructure developments.

The proposed scenario settings are designed to address the material uncertainties and questions identified above,
with a paricular focus on the range of possible development pathways for-fax@e generation and
transmission development.

Considerations in all scenarios
In all scenarios, AEMO will consider:

1 The nomegotiable operational and technical requirements for a seanul reliable power system (sufficient
resources, which are visible, predictable, and controllable for AEMO, and which psseidiatechnical
attributes, such as frequency and voltage managgment

1 The extent and mix of dispatchable capability regdito meet consumer reliability expectatidise provision of
firm and flexible dispatchable capability in future will depend on the relative cost trajectories of pumped hydro,
batteries, solar thermal, and (including fuel costs and limitajasysdwered generation (GPG) and coal
generati on. Di spatchability broadly means the extent
targetd and adhere to a dispatch schedule at some fut

1 The extent of energy storage that could developed, the optimal mix of sha@erm and longterm storage, and
how this could change as the generation mix evolves.

1 Energy efficiency, because the cheapest energy is that which is not used.

1 The potential for future economic and operational berfedits REZs, including the need for transmission
development to deliver energy from REZs to load centres.

3 For the 2018 ISP, gas alysis will be restricted to high level constraints.
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1 The need for resource diversity. Technology cost trajectories indicate that wind and photovoltaic (PV) generation
are now among the cheapest forms efvrbulk energy generation globatiywith cost reductions predicted to
continue in Austrafi@. Optimising the diversity of this generation, to the extent it is economic, is key to delivering a
smoother NEMide generation profile, and greater diversityagynreduce the need to invest in local dispatchable
resources to manage variability, and reduce costs for consumers. Diversity can be provided through:

- Geographic location (to optimise contribution of either solar or wind across dispersed areas).
- The integation of different technologies in one area (an optimal mix of wind, solar, and other technology).

- Extending the time in which generation can contribute to the grid through storage, and optimising its contribution
though demand shifting and response.

1 The potential for orchestrating DER, to contribute toward delivering system security 2~
reliability ard reduce overall costs for consumers. DERSorches

. . . . means coordinating
1 The potential, where economically optimal and environmentally acceptable, for and optimising the

the operating lifeof existing largescale generation to be extended through operation of DER to
costeffective maintenance/refurbishments, deferring thel fieenew infrastructure meet the needs of the

9 Which transmission network developments efficiently promote increased competitio. power system

across the NEM and improve power system security and reliability as the NEM
transforms.

9 The potential for new technologies to increase utilisattitve network and more efficiently provide services
needed to operate the power systéfar example, considering the role of HVDC ¥®€long distance
transmission needs, along with technolegiesincrease utilisation of existing assets, and technolegiekoffer
the ability to control and operate the power system more efficiently through advanced use of power e)Jectronics

Renewable Energy @nes

REZs are areas in the NEM where clusters @& fmaje renewable energy can be developed to promote
economies of scale in higgsource areas and capture geographic and technological diversity in renewable
resources.

An efficiently located REZ can be identified by considering a range of factorsrilyrima

9 The quality of its renewable resources (wind or sun).

9 The cost of developing or augmenting transmission connections to transport the renewable generation produced in
the REZ to consumers.

Preliminary modelling indicates up to 30 GW of new wind angel@cale PV could be built in the NEM by 2037.
In line with theecommendations of the Finkeliew, AEMO will:

1 Identify and map prospective REZs across the NEM.

1 Identify transmission network routes to most efficiently connect REZs to the existing netwo

9 Perform a highevel assessment of the relative economics of each REZ, to rank the most prospective ones and inform
future decisions on how to develop the transmission network.

AEMOO®s preliminary analysis of Ipocatiors weREZsdfeguemd our ces has
which appear to align well witbrojects currently under consideration for transmission development in regions

across the NEM:

9 Far North Queensland (Powering North Queenslané)Plan

1 New England Renewable Energy Zone in Northern New SoutH%Vales

1 Proposed expansion of the Snowy scheme, with associated transmission upgrades in New South Wales
and Victoria.

4 Lazard.Levelised cost of energy 2017, availabletimis://www.lazard.com/perspective/levelizedostof-energy2017/ .

5 Bloanberg New Energy Finance, 20New Energy Outlook 201&vailable ahttps://about.bnef.com/nevenergy-outlook.

6 Hayward, J.A. and Graham, P.W. 201Hlectricity generation technologst projections: 2012050, CSIRO, Australia

7 Other resources may be required to ensure increasing forced outage rates do not have a detrimental effect on oveitsll reliabil
8 High-voltage direct current (HVD®jth oltage-source converte(¥SC).

9 Queensland Government, 2017. Powering North Queensland Plan, availabfesatwww.dews.qgld.gov.au/__data/assets/pdf_file/00031253541/Fact-sheet
PoweringNorthQueenslandPlan.pdf

10 TransGrid, 2017. Renewable Energy Hub, availablettts://www.transgrid.com.au/newsews/letsconnect/consultations/current
consultations/Documents/Renewable%20Hub_Knowledge%20Report_TransGrid.pdf
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 WesternVictoria, where AEMO is undertaking a Figure 1 Range d potential REZs

Renewable Integration Regulatory Investment Test for

Transmission (RIJE. /{

1 Eyre Peninsula in South Australia, where ElectraNet is e S
undertaking a RiT. E \(3

1 The intersection of South Australia, Victoria and New Soutt K:
Wales state boundaries, currently being assessed in \
El ectraNetds South Aus-T.ral "“;‘\\

fTasmani ads Battety of the

Central Queensland and northern South Australia also apped
be prospective areas for REZs, but dbawrently have related

transmission development projects underway. e.’19 ¢

Each of these developments is currently proceeding on an \P 2“3 T S AL

individual basis. Consideration of all opportunities under an YN | : \“”3

integrated, strategic plan for the nation may achieve improve AR " AL ?

outcanes for all consumers. Nels e )

Further analysis needs to be completed before REZs and any : | !

associated infrastructure could be prioritised for development & 2

This includes assessing factors such as: — : :

1 The total costs of such development relative to other option - J——— B e
inclding the costs of augmenting the existing transmission :’{ AR

network or building new transmission to develop each REZ
along with the costs of any other developments to continue
be able to operate the power system securely once the RE:
are developed.

9 Which locations best capture generation diversity across the NEM to most reliably meet projected
consumer demand.

Transmission development

The need for transmission development, previously driven by load growth, is now predominantly driven by the
changing generation mix and the location of new generation. Transmission networks in the NEM, designed for
transporting energy from coal and gas geation centres, must transform if they are to support{scgée
development of neaynchronous generation in new areas.

At the same time, utilisation of some of the existing infrastructure is falling, and could fall further followéngliarge
retirements of existing power stations. Optimising utilisation of existing assets and any new development requirements
will be vital to achieving lowerost solutions for reliabilitfransmission development could deliver benefits including:

9 More efficiently siring generation between NEM regions.

1 Capturing the diversity of variable generation across different regions.

1 Improving power system resilience through developing a more meshed network.
1 Sharing system support services such as frequency and voltagé. suppor

1 In the longer term, increasing the capacity of interconnection between NEM regions could be pivotal to meeting
Au st r a Hdrmadhergy tagetsy providing the advantage of the geographic diversity of renewable
resources so regions could export powken there is local generation surplus, and import power when needed
to meet supply.

Modellingfor the 2016 NTNDIhdicateal that new or upgraded interconnection betwadjacentNEMregionsmay
be economic over the next 20 ye&rsAEMO proposes to fevaluate these projections under t8&scenarios.

Transmission solutions have asset lives in excess of 50 years, and while initial investment costs candgeviery high
the longdistancesnvolved theyprovide benefits such gseater competition in supply and improveéidersity and

11 Regulated Investment Test Transmi#hennecessary evaluation to justify a progbapgrade to or new regulated transmission development.

12 Hydro Tasmania, 2017. Battery of the Nation, availabl@taps://www.hydro.com.au/energy/batterpation

13 AEMO. 2016 NTNDP, availabét http://www.aemo.com.au/Electricity/NationBlectricityMarket NEM/Planningnd-forecasting/Natonal Transmissiddetwork
DevelopmenrPlan
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resiliency of the system to changes in supply resources, including retirements and increased dependendigs on DER
demonstrates the importancelaiking at diverse scenarios aagamiting the entire enggy supply chain so the
integrated, national plan for energy infrastructigeufficientlyrobust to different futures

After consultationhe ISPwill provide a staged transmission investment development plan for the power system,
starting with leastegret upgrades, while considering the need to manage potential risks of unexpected, low
probability situationsvhichmight create an urgent need for additional capacity (such as unexpected withdrawal of
capacity from the NEM).

Consultation process

The rigoous process of consultation and engagement fdSfleas begun already and will continue through to
mid-2018. This process will support tB&for the NEM grid achieving coordinated, eefé¢ctive development
which delivers reliable and secure syppt least cost to consumers across the WEilM, meeting emissions
reduction targets

This consultation paper out |l i newhichAlEcuDidwe tocalSPferthe at i ons
NEM.The observations in this paper are basegiiminary analysis, indicative modelling, and stakeholder
discussions before publication, and should not be interpreted as conclusions.

Submissions are not limited to the specific consultation questions contained in each chapter, and not alequestions ar
expected to be answered in each submission. AEMO welcomes feedback on any observations or approaches outlined
inthisrepor{ i ncl udi ng the materi al i ssues, AEMuEsandpr el i mi nal
assumptions set out in Appendjxald welcomes both condyseritten submissions and feedback provided through

other meetings or discussiétteedback will be considered and will help deliver final recommendations|BRive

be published by AEMO in mR018.

Questions on whichAEMO seekdeedback

Ref Questions

1.1 The material questions tt&Pseeks to address are in SectioB.1 Are there any other questions 8should address?

1.2  The scenarios the modelling will use to infornSfPare outlined in Section 1.Recognising the time limitations to produce théSPm
mid-2018, are these suitable scenarios to address at a high level? Should these be expanded in more detailed analysisiéofisting
high levelSP?

2.1  What are the key factorsrhichcan enable generation and transmission developmentrimwbe coordinated in future?

3.1 Does this analysis capture the full rangeatptial REZs irastern Australia?

3.2 What other factors should be considered in determining how to narrow down the range of potential REZghichbloseld be prioritised
for development?

3.3  What are the potential barriers to developing REfsl how should these be addressed?

4.1 Have the right transmission options been identified for considerationSfPthe

4.2  How can the coordination ofgienal transmission planning be improveiinjplemena strategic longerm outcome?

4.3  What are the biggest challenges to justifying augmentatibitshalign to an ovesarching longerm plan? How can these challenges be
4.4 |s the existing regulatory framework suitable for implementiniGiie

Address and due date for submissions

AEMO is seeking email submissions from all persons interested in the development of an Systait&darif you
would like to make a submission, please etrtailSRaemo.com.au

AEMO recognises that this consultation is taking place over the holiday period, however, the timing and extent of work
required to delivertie ISPin mid2018 present exceptional circumstances.

Stakeholder input to modelling (questions 1.1 and 1.2) must be receive®@tisebruary2018to be incorporated
Written submissionon other questions and matterare welcomeuntil 28 February 2018.

AEMOwill continue to engage and consult with industry through the first half of next year as thH8R018
is developed
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Publication of submissions
AEMO will aim to give interested stakeholders open access to the driversdughiodelling, assumptioasd final
report. Submissions will be publishedwrwebsite with the final report and other supporting material.

Pleasendicateto AEMO if there are any parts of your submission you would like kept confidential, and note that it
will be difficult forusto incorporate confidential material in tt&P becausehe ISPwill be developed in a
transparent and public procesdEMO may publish that information, but will consult with you first.

Contact
AEMO welcomes questions or requests for further infonm@lease contact AEMOlI&H#@aemo.com.aany time.
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1. About the integrated plan

Preliminary messages

1 ThelntegratedSystem Pla@iSP will present a longerm strategic development plan (considering a range of
scenarios) to deliver continued reliability and security, at leastéomgcost for consumers, whikeeting
National Electricity MarkelENM emissionseduction targets

1 AEMOcontinues tdevelop improvements tur modelling and analysis, to better reflect the changing dynat
in the NEM

9 AEMO has consulted and collaborated extensively with key stakeholders to develop this consultation pa
will continue this approach develop thed SP

Questions for consultation

1.1 6 The material questionsitBBseeks to address are listed in Seti®h Are there any otheraterialguestions
thelSPshould address?

1.2 0 The scenarios the modelling will use to infof8Pdu® outlined in Section 1Rkecognising the time limitatio
to produce the firé8Pin mid2018, are thesscenariosuitable to address these questionsighdevel?
Shouldhe scenaridse expanded in more detailed anafgsititurel SR?

1.1 Finkel Review recommendation and scope

In June 2017, thiendependent Review of the Future Security of the National ElectricifyBlsgkent for the Fueur
(Finkel Review)included a recommendation (5.1) that:

66 By mid2018, the Australian Energy Market Operator, supported by transmission network service provid
relevant stakeholders, should develop an integrated grid plan to facilitate the eftieieglbpment and
connection of renewable energy zones across the National Electricity Market (NEM).

The FinkdReview further recommended thhigt integrated [an should:

éé 1 Identify and map prospective renewable energy zones across all NEM regions, including but not limit
wind, solar, pumped hydro, and geothermal resources.

9 Identify transmission network routes to efficiently connect the renewable energy zonesdbrthaetiork,
including routes for interconnectors that pass through these areas.

9 Include a higtevel assessment of the relative economics of different zones, taking into account the g
the resource, approximate cost of connection, networktsrgnat other relevant considerations. This will
enable the classification of zones according to how prospective they are and inform future decisions
order in which to develop the transmission network.

14 Finkel et al., 2017Independent Review into the future security of the National Electricjtp\W#akée athttp://w ww.environment.gov.au/energy/national
electricitymarketreview
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1 Be released as a publicly available resoutcesnable investors to make informed decisions about wher:
plan new renewable generation capacity. Although it may be many years until particular renewable e
zones are connected due to reasons of commercial attractiveness and economic efficitagyatad grid
plan will send a clear signal to investors about the future of the transmission network. Augmentations
the integrated grid plan would be evaluated through theTRpfocess or its successor.

AEMO has begun developing t#& to deliver a strategic infrastructure development plan which considers a wide
spectrum of interconnected infrastructure and energy developments including transmission, generation, gas pipelines,
and distributed energy resources, and can facilitate aerydnergy system transition under a range of scenarios

The purpose of this consultation paper is to seek feedback on the proposed approach to deliviSPanthe
preliminary analysis undertaken to date. Feedback will then be incorporated intddiieddmodelling to be
undertaken in early 2018, before publishing the inaugl8&n mid2018.

Following the inaugur&bPin une 2018, AEMO intends listthe potential priority projects in each region, in line
with the Finkel B2 belowewds recommendati on

66 By mid2019, the Australian Energy Market Operator, in consultation with transmission setvicekoroviders
and consistent with the integrated grid plan, should develop a list of pofantiétly projects in each region t
governmerst could support if the market is unable to delitierinvestment required to enable the developm
of renewable energy zones.

The Australian Energy Market Commission should develop a rigorous framework to evaltiatéythmojects,
including guidace for governments on the combination of circumstancesmthdtwarrant a government
intervention to facilitate specific transmission investments.

1.2 A more strategic approach to planning the NEM

The current transmission planning approach in the NEM involves a continuous feedback loop of information whereby
AEMO publishes an annual National Transmission Development Plan (NTNDP) followed by each Transmission Network
Service Provider (TNSP) publshireir Annual Planning Report (ARRgachof these reportdyoth network and

nonnetwork developmesimust be consideréa meet future needs. The information feedback loop is shown in the

figure below

Figure 2 Current transmission planning process in the ME

ment Flon and htegroted
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Importantly:

1 AEMO provides information and analysis to inform an efficient development trajectory at a national level, and can
recommend developments for further assessmmgctbest meet the national objectives.

1 TNSPs are responsible for initiatamgl conducting assessments for their regional areas or jurisdiction, through a
Regulatory Investment Test for Transmissien) (@i Tinfrastructure developments which are to be rolled into their
regulated asset bases.

1.2.1 An enhanced role in national trarssiun planning

While thelSPwill include improvements to deliver the best possible analysis at a national level, the current
transmission planning framework and Rules have not changed.

Under this framework, mumber of largescale infrastructure developntgrojects are currently being considered
across the NEM, representing billions of dollars of potential inveskimes#. projects are listed3rs.

Stategovernments and TNSHKi rightfullyhavea focuson driving new developments within their regiorensure

the requiredemission antkliability outcomes for consumers in that jurisdiction at the lowest possible cost, However
by looking atbroader opportunities at a national level, it is possible that the sarmaprovedoutcomes can be
achieved at an even lower cost

Underthe current transmission planning framewodkvidual TNSPs conduct investmetstitesach region. Without

a coordinatedlongtermé nat i onal interest o6 pethiscquld egultivwcoordinhtedr e i s a
development of regional energy infrastructure, which could impose inefficient costs on consumers at times when
lowering energy prices is a natial priority.

The Finkel Revigi8ection 5.2)ecognisedhe value of a more strategic approach to transmission planning between
regions, and recommendation 5.3 proposeddbancil of Australian Governme@®AG) Energy Council, in

consultation with tHenergy Security Boaf@SB) r evi ew ways in which AEMO®&6s rol e
can be enhancéé

National coordinabn ofthe assessment and approval of major infrastructure development pn@eatidssupporthe
National Electricity Obgtivebeingdelivered by promoting efficient investment for the kdagn interests of
consumers with respect to price, quality, safety, reliability, and security of electricity supply.

AEMO will work with thESBand COAGEnergy Council throughout theie vi ew of AEMO&6s rol e in
transmission planning.

Feedback from stakeholders on this topic is welcome, in submissions to this consultation paper and in other discussions.

1.2.2 Improvements to deliver the best possible analysis

To deliver the begiossible analysis for appropriate lotigrm development, AEMO will adopt an approach similar
to that used for developing the NTNDP, but including some important improvements.

The NTNDRypically published at the end of each calendar year:

1 Is an independa assessment of efficient generation and transmission development in the NEM-geara 20
horizon to delivecontinued energy security and reliabilisy least longterm cost for consumenile meeting
emissions reduction targets.

1 Includes a leastost outlook for NEM generation and transmission development. This projects the most efficient
amount of large scale generation required to meet forecast demand, taking into account growth of distributed
energy resources.

1 Typically identifies the amount @ generation required in each region, but due to historical modelling
constraints, has not performed a detailed assessment of the best zones for renewable energy development. This is a
vital aspect of théSR and AEMO has improved its modelling methapolo facilitate thigdiscussed belgw

1 While examining both network and rieetwork developments to meet future needs for the national power system,
has not focused on DER and the new challenges to continued security of the power system to thiS@téint the

ThelSPwill expand on this approach by:

1 Identifying and mapping prospectivenewable energy zoneRE2Zsacross the NEM, with input from key
stakeholders such as renewable generation developers and TNSPs. AEMO engaged consulints daiidér

15 Finkel et al., 2017Independent Review into the future security of the National Electricjtp\aald athttp://www.environment.gov.au/energy/national
electricitymarketreview
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detailed renewable energy mapping across the NEM to assess the suitability of locations across the NEM for
renewable energy developme(geeChapter3).

1 Obtaining more granular datavhichcan enable a consistent assessment of wind and solar generation diversity
across the NEM. This is a vital component of assessing the potential helesfioping REZS.

1 Developing methodology improvements to address the challenges of modelling variable generation, the operation
of storage technologigand generation diversity between regions, discussed below.

1 Identifying the potential transmission@lepment routes to efficiently connR&zg, and continually deliver a secure
and reliable energy supply in the long term.

1 Performing detailed economic analysis to identify the most prospREt#€eT his involves modelling similar to the
NTNDP, but withurther analysis of how capturing diverse renewable generation profiles across the NEM may
reduce the need for other types of development, thereby minimising the overall cost of the system for consumers.

1.2.3 Improvements to addressaelling limitations

Modeling how generation and transmission infrastructure should develop over time is a challenging exercise
whichreflects a complex set of inputs and assumptions available at a snapshot in time. The energy transition is
challenging the validity of previous nedithg techniqueand AEMO has made a number of methodology
improvements to better reflect the changing dynamics in thepidEidularly in relation to variable generation

and energy storage technologies.

Modelling limitations

Previ ous | y-terma&delidg lead d nambgr of limitatievisich wentend to address through improvements
developed for thdSP

1 Electricity and gas modelling were separatsach that limitations in the supply and transport of gas were not fully
considered in modellingetidevelopment of the electricity system.

9 By using a load block approach in the lergm expansion model, the effects of varigpwere not fully captured
in assessing the development of renewable generation and the other developments required toredibility
and security. These impacts were considered in detailegeiquential modellingut were not fully integrated
with the development of the leagist expansion plan.

1 The challenge of modelling variable generation &ededthe ability ofthe longterm expansion model to value
the benefits of increased geographical diversity.

1 The load block approaatiid not account for the limitations of energy storage, particularly the operational
limitations of battery storage with relatively low leva@istorage capacity.

Improvements developed folfSPmodelling
As a result of these limitations, AEM@aginga number of improvemerfts ISPmodelling

1 Moving the longerm expansion model towards an integrated gas and electricity model which céptumekages
between two systemisecause ay additional gas required for generation will consider the impact on gas reserves
and the need for gas pipeline augmentations.

1 Incorporating highly detailed expansion plan modeblitgchuses many more load bks; linked chronologically to
better capture variability, the value of diversity in renewable technologies and locations, and the operational
limitations of energy storage.

9 Usng granular wind and solar traces developed on consistent basis across the kst treflect
generation diversity.

1.2.4 Delivering thdéSP

Delivering thaSPwill involve detailed analysis of the entire energy supply chain in the NEM, assessing
transformations occurring in both laggale and behinthe-meter developments. The figure below provides a
helicopter view of the stages involved in delivering®8eemphasising the need for extensive stakeholder
engagement throughout the process. This is discussed further in
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Figure 3 Delivering the Integratesystem Plan
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1.3 Scenarios and sensitivities

Generation and transmission investments have long technical and economic lifel®Resustiteerefore account for
the material uncertainty facing the industryhemediunto longerterm. For this, tH&Pwill use scenario analysis to
assess how efficient generation and transmission development is impacted by a range of uncertainties.

1.3.1 Material uncertainties and questions to address

In setting the key drivers for scenario analytsis important to understd the key questions th®Pis seeking to
address. The following key questions have been collated through stakeholder engagemenpaseyahe

1 What is the best way to achieve the policy objectives of affordable, reliable, secure power and meeting
emissions targets?

1 In pursuing this pathway:
- What are the leastegret generation and transmission developments which are most robust to different futures?

- Could largescale renewable generation in targeted zones provide an efficient solution for futuge pstem
development, and what storage and transmission investment would be needed to support such an outcome?

- What is the optimal balance between a more interconnected NEM, which can reduce the need for local reserves
and take advantage of regional dérsity, thereby more efficiently sharing resources and services between
regions, and a more regionally independent NEM with each regiesufadient in system security and reliability?

- To what extent could aggregated load shifting and piiesponsiveolad management, made available through
investment into distributed energy resources (DER), reduce the needfecdrggeneration and transmission
development to replace the existing generation fleet as it reaches end of life, while maintainingyptaner s
reliability and security?

1 What is the optimal balance between the lowasst pathway and having the optionality to ramp up new
development if required by circumstances, such as earlier than expected generator retirements, lower than
expected DER tgke/orchestration, or higher than expected development of renewable generators?

1.4 Scenario design

At the highest levetiansmissiomugmentation pathways used to be driveainlyby demand growth, but now the
needs are driven more by the location and tygaew generation investments, as discusselapter 2.

Noting the final question listed in 1.3.1 above, AEMO proposes a scenario desigrn$éwthieh provides:

1 A neutral outlook, and
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1 Two bookend scenariadichexplore futures witfasterand dower rates of change, affecting theeed forand
timing oflarge-scale generation and transmission augmentations.

The proposed scenario settings are shown in Table 1, with proposed sensifivitiesTinese settings are designed
to address the material uncertainties and questions identified above, with a particular focus on the range of possible
development pathways for largecale generion and transmission development.

Table 1 Proposed scenarios for the Integrat&ystemPlan

Key input Neutrald business as usual | Slow change Fast change

Demand settings
Economic growth and population outloo INEiE Weak Strong
Rooftop PV capacity Neutral Neutral Neutral
Battery storage installed capacity Neutral Neutral Neutral

Largescale demand side participation NEIjiEl Strong Weak
and distributedstorage aggregation
Electriozehicles Neutral Weak Strong
Policy settings
28% 2005 - 2030 52% 2005 - 2030

Emissiomeductiortrajectory* 28% 2005 - 2030

Government renewables targets

Energy efficiency
Supply side settings
Wind + utility PV

Grid scale storage costs

70% 2016 - 2050

LRET+VRET (to 2025)
QRET (to 2026)

Neutral

Neutral cost reductions
Neutral cost reductions

70% 2016 - 2050

LRET
VRET+QRED 2020)

Weak

Slower cost reductions
Neutral cost reductions

Neutral cost reductions

90% 2005 - 2050

LRET
VRET+QRED 2020)

Strong

Rapid cost reductions
Neutral cost reductions

Neutral cost reductions

SIPEURIEICRAVER Siglolfi (oAl  Neutral cost reductions
Gas market settings
Gas demand: LNG export Neutral Weak Strong

Gasdemand: Neutral Weak Strong**
Residentiallomnercial industy

Model outcome Model outcome

Gas demand: Gas poweregeneration Model outcome

* Emissions reduction trajectory assumptions are discussed further i@. S&dtielow.
** AEMO notes the recent Queensland election outcome and will determine the most appropriate assumption to apply forebgiQR&ketiolder consultation.
** Underlying growtlstrong, but increased shift to electricity for heating and industrial processes will moderate any increase.

1.4.1 Sensitivities

Sensitivities are used to assess how specific drivers could impact the Neutral outlook for generation and
transmission development.

Proposed sensitivities include, but are not limited to:
9 How could the proposed Snowy 2.0 project impact generation and transmission development across the NEM?

9 How could a greater uptake and orchestration of DER (bé¢fénteter generation and storaggemand
response, energy efficien@nd load shifting) impact largecale generation and transmission development?

9 How could proposeddditionalBass Strait interconniect for instance driven by the Battery of the Nation project,
impact generation anttansmission development across the NEM if it was built sooner than currently projected?

AEMO welcomes feedback on these proposed sensitivities and any other keyvtittstsould be included in the
ISPassessment.

1.5 Inviting stakeholder collaboration aimghut

AEMO isapproachingthe development of thksPcollaboratively with TNSPs and other key stakehqgldeeking and
encouraging input at all stagebhis collaborative process began shortly after the Finkel Review was redeaked,
will continue untihe June 2018 SPis published
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To prepare this consultation pap@&EMO hosted two collaborative workshops with key industry stakeholders to
develop a collective understanding of the role and valueB& (discussed further @hapter3):

1 A workshop in Septemb2017 with NEM TNSPs to identify the possible long term transmission development
options in the NEM to connect indiceRiE.

1 A workshop in Novemb2017 with a broad range of industry stakeholders (including renewable generation
developers, TNSPs, industry bodies, consumer represerdativesearch organisations) to seek feedback on the
results of renewable energy resourcapming acrosgastern Australia (outlined @hapter3) and to explore the
potential value and barriers to developmentREZ.

AEMO has also established expert working groups to provide specialised consultation on various ini&Rs to the
including market modelling, transmission plareniidgfutureproofing energy systems.

The stakeholder engagement undertaken to date hasriatbthe preliminary observatioasd questions the
remaining chapters of this consultation paper.

AEMO welcomes additional input and feedback throughout the processSBctire most effectively meet
stakehol der sd n eAaydcsmmeasiodsuggesiorscdn dd sentiBasaemo.com.au

© AEMO2017 | Integrated System Plan Consultation 17


mailto:IGP@aemo.com.au

2. Drivers of energy
infrastructure development

Preliminary messages
I There is a need to coordinate generation and transmission development in future to:
- Deliver the lowestost reliable power system to consumers.

- Facilitate a smooth loftgrm transition to rengineer the power system as the existing coal generation fles
is decommissioned.

- Effectively capture diverse renewable resources to smooth natural variationlsandypmotovoltaic
(PV) generation.

9 Factorsvhichreduce investment uncertainty, such as clear strategic priorities to develeschegenewable
generation, can foster generation and transmission coordination.

Questions for consultation
2.1 8 What ke factors can enable generation and transmission development to be more coordinated in fut

Generation and transmission development is no longer being driven by maximum demantepaugéhis is

projected to remain flat over the long term. Thigpter explores the primary drivers of new supply resources (such as
generation, storageand demand response) and transmission development in &mdinghy coordinating this
development will be a key component of t8&

2.1 Primary drivers oénergy infastructurelevelopment

While generation and transmission development has traditionally been driven by load growth, antbits role
transport energy from coal and gas generation centres to consumers, AEMO now believes it is being driven more
substantially ¥ the changing generation mix.

This section investigates the changing drivers of transmission development, specifically:
1 Relative cost reductions in generation technology.

1 The aging coal generation fleet in the NEM.

1 Continually meeting the technical regmients of the power system.

1 Emissions reduction policies.

9 Geographic diversity of renewable generation.

1 Changing consumer behaviour.

2.1.1 New technology cost reductions

Continued innovation in wind and PV generation technologies in particular means theyracegnised as the
cheapest form of new bulk energy generation gloB&lly Australia, wind is already the cheapest form of energy

16 Lazard, 2017 Levelised cost of energy 2017, avd#éaathttps://www.lazard.com/perspective/levelizedostof-energy-2017/ .
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generationand large-scale PV generation is expected to become cheaper than combined cypergasd
generation of elecicity (GPG) by 202%’. The vast majority of new generation projeictthe NEMnvolve wind or
PV generationwhich togetherepresent:

1 Almost 70% (over 2.5 GW) of new generation projects registered in the NEM since 2012.

1 About 82% (representing about 18W of capacity) of new generation projects in developngdre remainder is
mostly GPG projects)

Whereas emissions reduction policies have driven new generation development in recent years, the relative costs of
wind and PV generation are naxpected b drive new development to adgeneration capacitas aging plants
are decommissioned.

The majority of new generation projects are likely to be remote therfocations whemoal generatiowill retire
This mearnsew transmission development will be required to cotimeenew projecto the NEM, and the
transmission grid will be-engineered over time to manage new flows of electricity.

One aspect to resource adequacy is to provide sufficient generation vihesjtiired. The system needs a portfolio
of controllable, firm, and flexible resources to effectively deliver a reliable energy supply. This is the basic concept of
the reliability obligation in the National Energy Guarantee.

Locating new generation tagture diverse weather patterns, and connecting these sources with transmission
development, could reduce the amounboél reservesequired to deliver a reliable energy supply and reduce the
overall system cost to consumers. This demonstrates hameeatian and transmission developments are expected
to be interlinked in future.

2.1.2 Aging coal generation fleet

About 70% (16 GW) of existing coal generation (totalling 23 GW) will exceed 50 years from full operation by
2040, indicating that a large propodn of the fleet is approaching the end of its intended operating life

Figure 4 NEM coal generation fleatperating life to 2050,by 50th year from full operation or announced retirement
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Source: Australian Energy Council, 2016. Submission to the ParliaereqiagyRetirement of coal fired power statavailable at
https://www.aph.gov.au/Parliamentary Business/Committees/Senate/Environment_and_Communications/Coal_fired_power_sisgions/Subm

17 Bloanberg New Energy Finance, 20New Energy Outlook 201@vailable at https://about.bnef.com/nevenergy-outlookl.

1BAslis ed on AEMOO®s generati on i nf ohtpsiéwwiv.eaemo.qora.auiledribity/NationtaectriziOMaiket NEMPEainiegind a t
forecasting/Generatiofinformation

19 Figure 4 shows a 62% reduction in generation capacity by 2040 as, although Loy Yang A will have been operating for Bye#naiy then, it already has
announced an intention to keep cgiérg until 2048.
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The figure above shows the NEM coal generation fleet and the reduction in generation if each plant was to retire at
its 50 year of full operation (or its announced retirement year, if this is different).

This trajectorpbjectivelyand simplyreflects plant age or public annoeneents. Decisions to retire generation
capacity are based on a number of considerations, nof athich can be captured in market modelling. The
condition of assets, portfolio optimisation and financial position, rehabilitation costs, and company policies will all
influence any commercial decision to withdraw generatiomnahssis in the June 28 ISPmay produce a different
trajectory having considered some of these factors.

It may be effective to continue operating some of the existing coal generation fleet beyond 50 years, but a continued
influx of wind and PV generation coaldoimpact theevenue sufficiency of coal generafimading to earlier

withdrawal. In either case, the scale, locaton timing of coal generation withdrawals over the coming decades will

be key drivers of new generation and transmission development for thectabséuture.

To deliver continued power system reliability and security, new supply resources and transmission assets will need to
be planned and developed well before material amounts of coal generat®withdrawn.

The long lead times involved infsdevelopment emphasise the need for coordinated planning to ascertain the likely
timing and location of coal generation withdrawals, enabling system planners to determine the most efficient pathway
for new generation and transmission development to seriomigterm costs for consumers.

2.1.3 Meeting the technical requirements of the power system

To deliver a reliable and secure energy supply a number of power system technical requirements must be maintained.
The provision of these services, as an engine&@egsity, is a nemegotiable in all planning scenarios and will be a
key driver of generation and transmission development in future.

Existinghermalgeneration, which is synchronous and centrally dispatched, provides a range of power system services
other than bulk energy, such as frequency and voltage managefssynchronowgeneratiorretires, andnore
nonsynchronous variable generatios connected, the NEMO6s technical requi
increasing need for flexible res@ais and alternative sources of frequency and voltage management.

The operational preequisites of the power system are identified at a high level in the table below.

Table 2 Operational prerequisites and technical attributes of the power system

Visibility of the power system Ability to measure or derive accurate data on energy demand, power system flov
and generation output in real time.

Predictability of the power system  Ability to forecasupcoming power system conditions and have confidence in how
system will perform.

Operational
pre-requisites

Controllability of the power system Ability to manage generation dispatch and configure power system services to
maintain system security and reliability.

Resource adequacy There is a sufficient overall portfolio of energy resources to continuously achieve
= @ real-time balancing of supply and demand.
S
< é Frequency management Ability to set and maintain system frequency within acceptable limits.
§ % Voltage management Ability to maintain voltages on the network within acceptable limits.
Ability to restore system Ability to restart and restore the system in the unlikely event of a major supply
disruption.

ThelSPwill consider the most efficienpiition of the generation mix and transmissionignichicradequate
resources provide the operatiorzadd technical requiremertsdeliver a reliable and secure energy supply.

2.1.4 Emissions reduction policies

While the relative costs of wind and PV genematire increasingly driving new generation development (see 2.1.1),
emissions reductitargetscanalso influenceaew generation development, or focus it in particular areas of the NEM.

All ISPstudies propose to assume the NEM achieves at least a pyoptetshare (28%) of the COP21 commitment

(26 to 28% emissions reduction) by 2030. In the absence of emissions reduction targets beyond 2030, AEMO is
proposing to apply an emissions reduction tommijmertt ory c
to the COP21 Paris agreement to limit global mean temperature riseQel&us.
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The International Energy Agency releaagzaper in March201720 stating that:

66 Limiting the global mean temperature rise to below 2°C with a probability of\w6etd require energyelated
CO2 emissions to peak before 2020 and fall by

AEMO is proposing to apply an emissions reduction constraint consistent with this trajed®y in the

The proposedrastChangescenario examines the possible driveraazkleratednvestment in generation and
transmission developmetiat understantheimpact on the energy system and how soon new developmeyie
requiredunder the Fast Change assumptions

This scenario rafences the CSIRO Low Emissions Technology Roadmap, which found that for the broader energy
sector to meet a proportional target of 2% emissions reduction by 2030, electricity sector emissions may have to
reduce by 5270% by 2030 and 90% by 2053*. AEMOintends to apply an emissions reduction constraint of 52%

by 2030 and 90% by 2050 in thé~ast Changscenario for théSP

Both these trajectories are shown in the figure below.

Figure 5 Proposed NEM emissions reduction trajectories to be examinel&Pscenarios
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2.1.5 Geographic diversity of renewable generation

AEMOds analysis (also summarised in the 2016 NTNDP)
geographic diversity of renewable generation, which interconnectors can capture. These bedefits inclu

1 Smoothing aggregate wind and PV generation across the NEM, reducing the need to dispatch higher marginal cost
generation such as GPG at times when the renewable resources within a region are not available.

1 Maximising the utilisation of fuel resources. Concentrating too much renewable generation within an area can lead
to diminishing return on further generation development.

The development of REZs which are geographically distant will realise beneifitg telltwer fuel costs and
increased efficiency of capital investment. The improved diversity of this generation mix, and the associated benefits,
will continue to grow as geographically distant REZs are established.

20 Interndional Energy Agency, 201thvestment needs for a low carbon energy sgst@table ahttp://www.iea.org/newsroom/news/2017/march/deegnergy
transformatiomeededby-2050-to-limitrisein-global-temperature.html

21 CSIRO, 2017.ow emissions technology roadmmaglable ahttps://www.csiro.au/en/Debusiness/Futures/Reports/L-&missioABechnologRoadmap
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Balancing the cost to connect distaiats, including associated network losses, against the benefits relating to the
diversity they bring will be essential to creating the most economically efficient solution for consumers.

The following figure illustrates the potential benefits of divetsitshowing the average daily profile of wind and
solar generation in different regions, based on historical data.

The figure shows average daily profiles as a percentage of peak for:

1 Average daily wind profiles for potential wind farm locations in esate, using 10 years of modelled wind data
(the same data set as tieserage wind speed at 150 meteg@r on the AREMI website).

1 Average daily demand profile for each state for the 2018 financial year.
1 An indicative daily PV generation profile.

Ths figure shows the diversity of wind generation between regions, and how negatively correlated wind and solar
generation are across each region. This demonstrates the potential benefltecafiog wind and solar generation
projects, taking rooftop PWgwth into account, to deliver a smoother generation profile on average.

By showing the average daily profile of wind generation, this chart does not consider the periods where there is very
low generation, how long these periods can last, and whethguesimths coincide between regions. This is a vital
consideration when determining the level of dispatchable capability required to support wind generation and, in the
case of energy storage, the optimal energy capacity required.

Figure 6  Average daily profile of wind farm output per region (NEM time)
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2.1.6 Changing consumer behaviour

The drivers listed above all relate to a transformation at the lmape generation and transmission end of the
supply chairbutthe ISPmust also consider the transformation occurring at the consumer end of the energy supply
chain, and what impathis transformatiocould have on requirements for largeale development.

Material drivers of the transformation in distributed energy ressyDER) include:
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1 Rooftop P\ AEMO has projected NEM installed capacity to exceed 20 GW by 2040 (from over 6 GW #day)
The rate of continued rooftop PV uptake is difficult to project, and forecasts vary. Thé G3l&tration with
Energy Networkaustralia for theElectricity Network Transformation Roagnuggcted NEM installed capacity to
reach 37 GW by 20305.

1 Energy efficiencgr consumers reducing consumptidBMO has projectétithatin 2036-37, grid demand could
be reduced (compared to fecast underlying demand without these factors) by about 18 TWh éuetgy
efficiency and by about 17 TWh due to consumers radpconsumption in response to energy pricestotiis
35 TWh and compares t@rojected generation from rooftop R about 25 TWh in that yeademonstraihg the
impact energy efficiency and reducing demand could have on the need for nevstalgenfrastructure.

1 Active demand management or load shififigvolvesachieving more efficient utilisation of all resourcésein
energy system bincentivisingonsumers ghiftdemandeither:

o Away from peak demandperiods when the power system is most utilised
o Into periods during the middle of the day in regions with high PV penetration.

1 Distributed battery storagd there are no official records of thmimberof distributed storage systems connected
to the NEMbut the SunWiz Battery Market report estimated 6,750 new installations ina2@ll# further 20,000
in 201725. Aggregation softwag is emergingvhichcan enable multiple systems to be controlled to deliver a
specific aggregated response the energy market, the frequency control markets direct response to a
network need.

1 Largescale mand Side Participation (DSPhomentuns building around the potential for DSP in Australia
where largescale (typically industrial or large commercial) consumers actively manage their demand to respond to
price signals. Examples include the Reliability and Emergency Reserve Trader fééraedArE MO 6 s
collaboration witlthe Australian Renewable Energy Age®dyENAto pilot a demand response initiatifer the
2017-18 summér (which can also incorporate aggregated distributed demand response)

9 Grid connected mictgrids and standalonpower systemd micregrids combine DER to securely meet local
demand, either in parallel with the grid or when operating in island mode (natayncected).

The Finkel Review noted that:

66 With appropriate communications infrastructure, standards agré@ation mechanisms in place, DER can
provide significant opportunities to improve power system security. Rooftop solar photovoltaic and battt
storage systems could complement laggde technologies for providing services such as frequency contr
reactive power and voltage control.

The ISP will consider htive extent oDERrchestratiod coordinating and optimising the operation of DER to meet
the needs of the power systéngouldimpactthe need fomewlarge-scale infrastructure development

2.2 Coordinating generation and transmission development

In the NEM, there is no overarching control or coordinated planning of generation and trariBraissioission is
built to manage new generation developmerttich is commercially driven, relyingtmnrmarket and renewable

targets to signal appropriate generation investments to developers (location, timingasdaiéth transmission

largely regulated to transport generation to consumers.

Coordination of largescale renewable generation and trafmssion development in the NEM will prove challenging
due to differing development incentives.

22 AEMO, 2017 available athttp://forecasting.aemo.com.au/
23 CSIRGENA, 2017Electricity Network TransformaRomadmapavailable athttp://www.energynetworks.com.au/electrieitgtwork-transformatiomoadmap

24 AEMO Electricity Forecasting Insighise 2017, ahttp://www.aemo.com.au/Eleatity/National-ElectricityMarket NEM/Planningand-forecasting/Electricity
Forecastingnsights

25SunWiz, 2017Bat t ery i nstall s 0 s, availableathttp:rviwpleedgeneiation.@i@.dubattenBsialss@tiozriple-in2017-sunwiz/

26 AEMO, 2017 Reliability and emergency reserve trader, availahfgst/www.aemo.com.au/Electricity/NatioralectricityMarket NEM/Emergeney
Management/RER¥&netexpressionsf-interest

27 AEMO, 2017TARENA and AEMO join forces to pil ot de mavalableatbttps/ovmsaemotcan.auidetia ge e xt r e me
Centre/ARENANnd-AEMQjoinforcesto-pilot-demandresponsdo-manageextremepeaksthissummer
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When assessing new generation projects, developers consider land access and planning approvals, the quality of the
renewable resource, and cost point for cotioedo the transmission grid.

These costs are partly driven by location and proximity to the grid, but also voltapecast of switchgear
infrastructure for connection is much higher at higher voltdugegrid is often stronger at the highestag#ts and
weaker in the lower voltage areas of the grid.

Development costs can drive connections into weaker parts of the grid, requiring grid augrmdritditioe
developers do not fund. For example, the 300transmission system in Victoria is stbangindesutilised withthe
exit of coatfired power generation in the Latrobe Valley, whereas the RZ@nd 66kV linesin western Victorié
where development interest in wind and solar is stroddestongested and weakeand will need augmentation to
service new investment.

This can lead to increased cost for transmission augmentation within a region, while large areas of the transmission
system become less and less utilised.

There is no first mover advantage or firncess for developers in the NEM who utilise the shared network. If other
projects are subsequently developed in the area (creating congest@framework relies on the network being
augmented to address this congestion, where economic and subjeuclat®deigvestment test approvals.

Correspondingly, the regulatory framework allocates all network augmentation costs to consumers, increasing the
network costs consumers must bear as new forms of supply are introduced and replace existing supply.

This wa acceptable whethe lead time for new generation development took many years (as in the case of
development of codired power stations)tis more challenging todafioweverwhen solar farms can be developed
withvery short lead times for approvalsi@ buildd often much less tinttean is neededor regulated approvals and
completion of any major transmission upgrades.

Further, TNSPs are generally incentivised to build network infrastructure if it can be incorporated into their regulated
asset bas€RAB). Uncertainty over the amount of new generation development which will occur in certain regions
means assessments througfigtidve so far only led to incremental network augmentations, to manage the risk of
underutilisedassets if new generatioredelopments did not materialisethe same extent forecagthis could prove

more expensive for consumers than building the network at an appropriate scale in the first place.

TheAustralian Energy Market Commiss#édfM ¢ identified thisunderutilisedasset risk when introducing the Scale

Efficient Network Extensions (SENE) rule in 201$ENtule sought to provide a framework to capture economies

of scale without forcing anyone to bear the riskinderutilisedassetsas it encouraged generatioredelopers to

coordinate new projects in particular areas to demonstrate the need for network augmentation. The SENE framework
has not yet been utilised.

2.2.1 Times are changing

Since the SENE rule was introdytteste has been continued uncertainty over theewf renewable generation
development, but some important factors have changgdhcould be the catalyst for coordinated generation and
transmission development to capture economies otlsatdeuld reduce overall system costs for consuiese
factors are:

i State government commitments to reverse auction pddbesprovides certainty over the amount of new
renewablegeneration required within a state over a defined time period. The further certainty provided by
longerterm trajectory for enewable energy penetration, as in Victétiand Queenslarid, enables generation
developers and transmission planners to coordinate and identify the most efficient location of new generation and
transmission development.

1 Greater certainty over the economics of laggmle generatiod recent cost reductions have led to wind and
large-scale PV generation becomiagnongthe cheapesfiorms ofnew bulk energgenerationn the NEMas
highlighted ir2.1.1. Continuing cost reductions are projected to emphasise this further, providing greater confidence
to project developers and financiers for their investment decisions.

1 Greater certainty over the timing of coal generation withdrawalgse of the recommendations from the Finkel
Review was for coal generators to provide at least three years notice prior to withdrawal from the NEM. This would
provide greater lead times todequately prepare for major capacity withdrawals and provide market signals for
new development required.

28Victorian Governmer2017.Vi ct or i ad s r e n,eavhapb:/wew.enargy viggov.al/eemeyabinsrgy/victoriasrenewableenergytargets

29 Queensland@sovernment, 2017Powering Queensland Plan: an integrated energy strategy for il aiatee at
https://www.dews.qld.gov.au/electricity/poweringueenslanglan
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1 Reliability challengedthe level of generatioreservesn the NEM prior to 2015 has been eroded as generation
capacity has retired without replacentby an equivalent level of firm capacity AEMOds EIl ectri ci
Opportunity have highlighted since 2Q&5growing need for new generation to maintain a reliable electricity

supply in the NEM, and there is a ldagn need to appropriately iglace around 20 GW of coal generation as it
is decommissioned at end of technical life over the coming decades.

ty

The two charts below show the changes in supply capacity and maximum demand in Victoria (Figure 7) and South
Australia (Figure 8) individualljnee 2008. They highlight:

1 The changing supply mix over recent years.

1 How the level and type of reserves in the system at any time can vary according to changes in both supply
and demand.

1 That both regions now rely more on variable supply as well asantgection to meet maximum demand.

The volume of reserves to respond to unexpected events in each region, or to export if needed, is also now
more uncertain.

Figure 7 Registered capacity and maximum demand in Victoria, 2003
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Figure 8 Registered capacity and maximum demand in South Australia, 2608
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Variable generation does not inherently contribute the same level of controllable, firm, and flexible generation
resources ahermalgeneration has in the past. Connecting renewable genewalighcaptures diverse weather
patterns and temporal diversity can smooth the aggregate wind and PV generation profile across the NEM and
contribute more to reliability of consumer supply.

The cocept of FE5 described in the Finkel Review could take advantage of these key factors to deliver truly
coordinated generation and transmission development to benefit consumers.

2.2.2 Renewable Energy Zones (REZS)

The FinkeldRiew recommendation 5.1 identifiedyap in public information about the quality of renewable energy
resources across the NEM and their suitability for generation development. Recommendation 5.1 asked AEMO to
identify and map the most suitable areas across Eastern Australia for renewadsktigardevelopment. The

intention of making this information publicly available is to enable interested parties, such as investors or governments,
to make informed decisions about where to plan new renewable generation capacity.

Chapter3 outlines the renewable energy resource mapping and the range of potential Ris&seatern Australia
which AEMO proposesftather assess the ISR Chapter4 considers the range of potential transmission
development optionghichmay be economic and would be needed to connect RE&spvikr system.

2.2.3 Lessons from overseas

Overseas examples of successfully coordinating renewable generation and transmission development all exhibit a
consistent theme of making strategic policy choices to facilitateskzatperenewable generation at a igdlictional

and policy level. This provides a level of investment certahitpallows various parties to coordinate the

development required.

In2007,t he New Zeal and electricity commission i Ri tiated t
project). This aligned with the New Zealand Energy Strategy (N&iSkets a target to achieve 90% electricity
generation from renewable sources by 2025, from 70% in 2008 (mainly hydro).

The TTER project had three objectives:
9 To provide an uto-date map of potential renewable locations.

1 To investigate possible economic transmission development options to support the development of
renewable generation.

9 To enable participants to better understand how the regulatory framework could be utilisedott thgop
integration of renewablé%

In 2008, a number of states in ttegion of the United States of Amer&erved by the MigContinent Independent

System Operator (MISO) adopted Renewable Portfolio Standards (RiPSshandated a given level aenewdle

generation in each ggon. This drove a need for transmission developments to deliver renewable generation from
remote sources to load centres, initially assessed througOd&egional Generation Ougaidy.A series of

studies led to the identiftion of a MultiValue Portfolio (MVP) of transmission development projects, representing a
set of oOno regretsé projects, wWwhich were approved for

Other examples of clear strategic policy choices internationally include:

1 Germanyd the Grid Expansion Accelerationéstablished (in 2009) a process to determine how to expand the
transmission network to facilitate high levels of renewable energy penetration.

1 United Kingdor the Transmission Investment for Renewable Gemeeatiamia was established to fund projects
whichconnect renewable generation.

1 Texas, USA a directive was passed (in 2005) to establxmpetitive Renewable Energy Zehieswould
accelerate wind generation and associated transmission devel&ment

30 New Zealad Electricity Commission, 2088al report on the transmission to enable renewable project (Ehaskile at
https://www.ea.govt.nz/dmsdocument/16625

31 MISO, 2017 MTEP17 MVP Triennial Revaeailable:
https://www.misoeergy.org/Library/Repository/Study/Candidate%20MVP%20Analysis/MTEP17%20MVP%20Triennial%20Review%20Report.pdf

32 Independent review into the future security of the National Electricity Market: Blueprint foatrzldlferat
https://www.environment.gov.au/system/files/resources/1d6b04d462-4223-ac08-3395a6blc7fa/files/electricitymarketreviewfinalreport.pdf.
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2.2.4 AEMC mamkt review on coordination of generation and transmission investment

The AEMC is conducting a review into the coordination of generation and transmission investment to determine whether
to change the regulatory framework relating to the following topics:

1 Transmission charging arrangements
1 Transmission planning arrangements
1 Access arrangements in the NEM

The AEMC considers these three topics are all interlaricedlans to address them holistically in an options paper to
be released in early 2018.

AEMO and the AEMC collaborated to conduct the industry wide Renewable Energy Zone workshop in November
2017, whichexplored the value and potential barriers to development of REZs in the NEM. These are discussed
further inChapter3.
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3. Renewable energy zones

Preliminary messages
9 Based on preliminary modelling of the renewable energy resoureastarnAustralia:

- Largescale PV (solar) and wind generation are momongthe cheapest forms of new bulk energy generati
Preliminary modelling indicatep to25-30 GW of new wind and largescale PV could be built in the NEM
by 2037.

- There are many potential REZs located a@asternAustraliawhich could accommodate maimes the
projected additional renewable generation capacity required in the coming decades.

- The land area required to develop up to 30 GW of new wind and PV generation equates to less than 0
farming land in mainlaneasternAustralia (New South Wi&s, Queensland, and Victoria).

- Many highscoring wind and solar areas appear to align well with transmission development projects alr
underway in each region of the NEM.

9 Detailed further analysis is required to determine which REZs should beegranéisothers for theSP

Questions for consultation
3.1 6 Does this analysis capture the full range of potential R&&siim\ustralia?

3.2 0 What other factors should be considered in determining how to narrow down the range of potential F
thosewhichshould be prioritised for development?

3.3 0 What are the potential barriers to developing ,REAshow should these be addressed?

Developing new largscale renewable generation in the right locations will be vital to delivering a rediatlle
secure energy supply at lowest letggm cost for consumers, as wind and PV geneagamowamongthe cheapest
waysto generate new bulk energy in Australia.

AEMO has hosted two industry workshops in recent months to develop a collective ungefstand
1 The role and purpose of REZs.
9 Characteristicwhichdefine a successful REZ.

1 Areaswhichrepresent potential REZs across the NEM.

This chapter summarises the outcomes of these workshops, highlights some indicative market modelling results, and
proposes a number of potential REZs across theliEMAEMOQintends tanvestigate further in thH&P

3.1 Role and purpose of REZs

Identifying the best locations to develop laigmale renewable generation is a core component of developin§Ehe
Historically, transmission planning has providedy limited guidance on where to locate renewable generation most
efficiently for consumeacross the NEM. Tt&Prepresents an opportunity to provide more comprehensive analysis to
inform such guidance.

There i| lot of potential to connect renewable generation to the existing grid, but there may be a need/opportunity
to expand beyondhe existing grid
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REZs are areas where clusters of lesgale renewable energy can be developed to promote economies ofrscale i
highresource areas and capture geographic and technological diversity in renewable restamsamer benefits of
developingREZs manclude

1 Facilitating a reliable and secure energy supply at least possible cost to conbymers
- Capturing economied scale in both generation and transmission development.

- Capturing diverse weather patterns, across many REZs, to increase the aggregate controllability, firmness, and
flexibility of renewable resources.

- Capturing areas with higher quality resources tttannected to existing grid.

1 Facilitating timely development of new generation sources to provide optionality for a faster energy transformation
if required in future.

1 Managing asset stranding risk if development is coordinated at a national level.

3.2 Indicative modelling of the generation mix transformation

AEMO is continuously improving the modelling methodetoggply to forecast generation and transmission
developmentsand we intend to make further improvements forl®# as discussed in2.

The figure below shows preliminarpjection®f the NEMgeneration mix transformatiomodelledunder Neutral
scenario assumptions

Figure 9 Preliminary pojections of NEM generation capacity (left) and generation output (righgutral scenario
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Key points to notéom this preliminary analysilude:

1 NEM planners mystepare for andmanage a rapid transformation of the power systeanrentlyprojected in the
2030sbut which could occur earlier or lgtas ~10 GW of coal generation is projected to retire.

1 The economics of wind and largeale PV are projected to drive combined new generation of up-8025W by
2037, as existing coal generati retires. Preliminary analysis indicates there is likely to be an increasing benefit
for interconnection to smooth the natural variations of wind and PV generation across the NEM.

1 Energy storage (either pumped hydro or battery storage) is projectegpmgwariable generation with about
10 GW of maximum output and 20 GWh of storage capacity by 2037, mostly after 2030. AEMO is developing
further modelling improvements to identify the most efficient mix of dispatchable capability (including the level of
energy storage capacity) and transmission augmentation as the generation mix evolves.

The charts Figure Qepresent input assumptions at a snapshot in time. Material changes in these assumptions, for
instance due to the rapidly evolving cost trajecsoofenew generation/storage technologies, could strongly influence
the generation mix projections. The provision of firm and flexible dispatchable capability in future will depend on the
relative cost trajectories of pumped hydro, batteries, solar theamal(including fuel costs and limitations) GPG and
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coal generation. For example, an accelerated cost trajectory for concentrated solar thermal generation could replace
a portion of the solar PV and energy storage capacity showigimre 9

AGL 6 s mneuncement d@fgplans for the Liddell Power Station closure is an example of how a portfolio of
resourcesould contribute to capacity adequacy, energy adequacyl flexibility as coal generation retires in

futures3. AEMO will provide a detailed assessthof projected reliability incorporating these plans, and whether any
further market response is required to maintain reliable suipgtgbruary 2018.

AGLS s t r a n smaunicg bothwan intemtion to retire Liddell Power Station with seven getice, and plans

for development to replackiddell Power Station with five years notice, also enables the rest of the industry to plan
appropriately. This aligns with the Finkel Review recommendation 3.2 to require all large generators to provide at

leas t hree yearsd notice pr i or tate @smoothdransitioreas furhertaige not i c e
thermal generatorare withdrawnfrom the NEM in the years ahead.

AEMO welcomes feedback on the high level inputs used in preliminarynmadkéing, contained ippendix A

3.3 Renewable energy resource mapping

The FinkdReview recommended that the assessmeRE& should consider, but not be limited to wind, solar, pumped
hydrg, and geothermal resources. Thikofeing maps indicate the areas underlying renewable energy resource for
each of these resources.

Figure 10 Wind (left) and solar (right) resource heat map
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Figure 10shows wind and solar resources as follows:

1 Wind speed in a mesoscale model developed by consultants<dDNhut not validated with field measurements.

33 AGL, 2017.AGL announces plans for Liddell Power Stagdable at htips://www.agl.com.au/aboutgl/media-centre/asxand-media
releases/2017/december/aglannounceplansfor-liddell-powerstation?utm_source=Direct
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1 Solar resources in hourly global horizontal irradiance (GHI) derived from satellite irmadergtained from the
Bureau of Meteorology (BoM).

1 Both datasets cover the survey area at a-fkilemetre resolution over a 4@ar period, and both are available
on theAREMI website

Figure 11lrepresents the resource potential for pumped hydro and geothermal generation:
9 The pumped hydro map shows the potential sitesfigeriby Australian National Universiy

1 The geothermal maghows the temperature five-kilometredepth dataset from the AREMI wel3Site

It is important to note that if high quality resources are distant from major load centres, development may not be
efficient, given the cost of augmenting the network anditsigemission losses.

Figure 11  Pumped hydro (left) and geothermal (right) resource maps

3.4 Factorsvhichdefine a REZ

To help identify potential REZs, AEMO engaged consultart&Ddd\Wtilise the renewable energy resource
data, and a range of other information, to assess suitability for REZ developméiveakilbmetreresolution across
easternAustralia.

Suitability for REZ development was assessed through a basic scoring system of constraints, developed in consultation
with stakeholders, which generated indicative suitability heat maps.

Many factors define whether an area is suitable for REZ development. This preliminary assessment &g®tential
focused onthesefactors associated with the renewable energy resourdesiid characteristics

1 Renewable resouréhow good is the wind/solar resource?

34 Australian Reneable Energy Mapping Initiative, 201@vailable athttps:/nationalmap.gov.au/renewables/
35 ANU, 2017 .Sites for pumped hydro energy storageilable athttp://re100.eng.anu.edu.au/research/phes/
36 Australian Renewable Energy Mapping Initiative, 2@d/ailable athttps://nationalmap.gov.au/renewables/
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