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Executive summary

This Integrated System Plan (ISP) is ebessid engineering optimisation plan by the Australian EnergyeMark
Operator (AEMO) that forecasts the overall transmission system requirements for the National Electricity Market (NEM)
over the next 20 years.

ISP modelling incorporated a range of plausible scenarios to identify future demand for power from thargystem

likely market response. For the latter, the modelling applied techrodadgsal analysis to identify the required level

and likely fuel type of supply investments required to meet future needs. The ISP model-basddesbnomic

analysis, and intgated system security and reliability considerations, as well as expressed Commonwealth and State
Government policie® identify the transmission investments that will be necessary to support-teeridntgrests of
consumers for safe, secure, rd@addectricity, at the least cost, across a range of plausible futures.

AEMO®s s cenar iarelagehadonstant and providelthe iognslation for a robust, Jeastpath for
the NEM to adapt to and accommodaie rapid and transformative ahges occurring in the energy sector

The ISP confirms numerous observations about the radical changes occurring in both the demand requirements and
supply mix in the NEM. In contrast to the history of this sector, overall economic and populatiomdjesstciated

growth in demand for power, does not result in increased requirements for supply from the power system. Rather, the
demand for power on the grid is flattening, due to the growth of rooftop photovoltaic (PV) and increasing use of local
storage as well as overall increases in energy efficiency.

At the same time atemandfromthe power system is flattenirexisting supply sources, parly thermal

resources, are ageing and approaching the end of their technical lives. These resoureaeplased at a time

and at the locations required to continue to support a reliable and secure power system and to meet consumer
demand for affordable power that also meets public policy requirements

Itis in this context that the ISP has modelled atlished targeted investment portfolios that can minimise total
resource costs, support consumer yvahaeprovide system access to the laast supply resources over the next
20 years to facilitate the smosiemh transition of Austr e

The result of this modelling and engineering analysis is the identification of those investments in the power grid that
can best unlock the value of existing and new resources in the system, at the lowest cost, while also delivering energy
reliably to consumers

Background to th&P

The comprehensive and transformational changes occurring throughout the energy sector are well documented. In
previouslecades, the Australian and worldwide power industries have experienced structural change through
reguatory liberalisation, the formation of competitive markets, and incremental/eéngents in supply efficiency.

In the current period, the changes are far more comprehemsifendamentalThe industry is now experiencing the
simultaneous effects and ledits of digitalisation, ageing infrastructure, a markedly and rapidly changing cost
structure in both supply and storage, flattened and even negative demand growth, the impacts of climate change,
cyber security concerns, and a profound change in congrefezences and expectations for the industry.

These changes collectively are impacting the production, transmission, and consumption of power at an unprecedented
rate. What is not changing, however, are the essential need feeftedtive and reliable power for the overall

economic welfare of sogjethe capitalintensive nature of the industry, and the physical requirements governing the
complex and integrated characteristics of the power system.

Whenever an industry undergoes the level of transformative change the power industry is experieveing,
disruption is to be expected. However, when that change occurs in an essential industry such as energy, neither
economic nor physical failure, even for a short time period, is an acceptable outcome. In this cirdumetamntia] i

to haveindependent engineering and evidefmsed planning around forecastable changes across the spectrum of
the supply and demand equation and consumer and investor preference

By providing a forecast plan of a likely range of outcomes)&tshelpidentify the desirability of proactiveolicy,
regulatory, and market reforms in the public interest. Collectively, these actions can simultaneously identify required
and likely investments, provide pathways for orderly retirements and investment in new risstowaeHest meet
establishecaind newpolicy and economic objectives, and enable broad innovation through the removal of existing
and emerging barriers to entry and competition. As a result, the transition can occur in a much more orderly manner
reducethe risk of failure from uncontrollable and unplanned eventshelp ensure the public interest in reliable,
affordable energyis met, in the context gbvernmenénergy policies, includirgmission standards.
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As the national transmission planA&f\Ois required to review and publish advice on the development of the
transmission grid across the NEM, to provide a national strategic perspective for transmission planning and
coordination, and to publish an annuah&ar outlook for NEM transmission piag, the National Transmission
Network Development Plan (NTNDP). This ISP and associated material meet these responsibilities and fulfil the
requirements of the NTNDP.

In October 2016, the Council of Australian Governments (COAG) energy ministers agreed to establish the
Independent Review into the Future Security of the National Electricity Market, chaired by Dr Alan Finkel AO,
Australiads ChietVi Swb e p Bioepiintfa théFaituseckrityroktree NEyRvith
recommendations to deliver a smooth transition for the changing power system, and for energy consumers across
the NEM. The Blueprint highlighted the need for better system plannirgadghanthree pillars required to achieve

the following:

éé Enhanced system planning will ensure that security is preserved, and costs managed, in each region a
mix evolves. Network planning will ensure that new renewable energyagismsrcan be economically acce
Independent Review of the National Electricity Market (Finkel F

The Finkel Reviewds pl anni n@QAG energymmstens and this, asrihe first SP, &8 a g r €
an important step in enhancisigstem planning and fulfils specific recommendations in the Blueprint.

The Finkel Review also outlined the extensive technological and economic changes facing the NEM, and understood the
scale of transition needed. But these changes are not only ih therfle . AEMOO6s experience cl e
underway now and evident in trends in bodhsumesehaviour and investor interest. Integrated system planning is
particularly important in this context and at this stage itrémsformatioof the nationapower system.

AEMO has developed the ISP based on its own experience as the system and market operator and planner, as well
as through extensive consultation with stakeholders, input from expert consultants, and collaboration with transmission
network srvice providers (TNSPs). The ISP has been developed through rigorous modelling and analysis, using
established engineeringost and system security models and analytic framewanksnternal and external reviesv

to help further validate core assumpscand findings.

The National Energy Markand integrated gid

The NEM provides a mechanism for trade in electricity across eastsouthedisternAustralia. It realises multiple
benefits forconsumerby its ability to take advantage of diversity ith supply and demand, maximising the use of
lowercost resources available at any time, sharing the needs for reserves, and allowing more effective commitment
and dispatch of inflexible plant across the largensumebase. As elaborated in this plahgtbenefits of a
geographicallydiverseresource mix and the ability to easily flow energy into and out of regions based etimreal
circumstances grow exgmtially over the 26year plan period and into the future. The NEM also supports new
investment tmeetconsumedemand in each region, while the ability to trade across regional boundaries allows more
flexibility and choice in the nature and location of investment.

The NEM is underpinned by thiegrated gid. Theintegrated grid in the NENi4 one ofif not the longest

interconnected power system in the world, which hosts the lowest level of proportionate demand. The generation mix
across the power system hagrawing proportion of supply from variable renewable energy soureggiiring

careful management and balancing of the system), an increasing proportiorsghaloronous generation, and a

growing proportion of supply froulistributed energy resourcd3EIR primarily rooftop solar PV. This combination of
attributes isdading AEMO to become one of ttezognisedvorldwide leaders in the complex operation of large

power systems with substantial volumes of variable renewable and distributed generation.

Over the 20year plan period, AEMO anticipates the retirement of atsuos1 t i a | portion of the N
generation fleet. Aignificant numbeaf coalfired generators in the NEM have either advised that they are closing or

will reachthe expectedend oftechnical life in this plan perio@ollectively, the generatbexpected to retire by

2040 produce around 70 terawatt hours (TVWr) 70,000 gigawatt hours (GWhdf enegy each year. This is close

to onethird of total NEM consumptidm addition to providing critical energy production and dispatchable power,
convational generators have also traditionally been relied on to provide essential grid security services, such as

inertia, system strength, and frequency control.

1 Independent Review into the Future Security of the National Electriciun@@@t7, available atttps://www.energy.gov.au/governmenptiorities/energy
markets/independenteviewfuture securitynationatelectridy-market
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The ISP modelling identifies investment portfolios that can minimise total resource cestsgatddiransmission
investments well as the development of selected REZs, necessary to achieve the lowest level of replacement
investment costs.

To support an orderly transition, ISP analysis demonstrates that, based on projected costctidel@asition plan

is to retain existing resources for as long as they can be economically relied on. When these resources retire, the
modelling shows that retiring coal plants can be most economically replaced with a portfolio-edalglitgnewable
generation, storage, DEfRxible thermal capacity, and transmission.

Within the plan period, under AEMODG® ssthNlewestcoatlrepldc&entp| anr
(based on forecasted costs) this retiringcapacity and energy Wibe a portfolio of resources, including solar

(28GW), wind (10.5 GW) and storage (17 GW and 9BWh), complemented by 500 MW of flexible gas plant

and transmissn investment. This portfoliaatal can produce 90 TWh (net) of energy per annum, more than

offsetting the energy lost from retiring coal fired generation.

This ISP reveals how targeted investment in new transmission will minimise the overall cost and support consumer value
by making better use of existing plant, including DER, lower fuel anatiog costs and operating risk by a more
interregionally connected system, and provide system access to theokasipply resources that can replace the

retiring coal plant.

In the NEM, market participants make investments in generation and Btoesgp®nse to consumer demand and
relevant government policies. The underlying assumption in the ISPianheffjdgient and competitive market,
investors will choose the lowesst overall solution. When, as we are experiencing in the NEM, tkepmwprofile

is different to the preexisting one, both by type and location, it is necessary to take a more holistic and integrated
approach to determine the regulated transmission investment which will support efficient market investment in
generatiorand storage, and lead to the overall lowesist solution. To do otherwise would be to reduce the
opportunity for market participants to invest in those resources that can produce the best outcome for consumers

The investment costs associated with regaad and retiring infrastructure with new plant, in one of the most
capitakintensive industries, are significant and unavoidableM O 8 s  nsbaive thak thertogal investment
required to replace the retiring generation capacity and meet consumerakhas an NPV cost of between
$8 billion and $27 billion, depending on assumptions made around economic growth and rate of industry
transformationThis level of capital investment is going to be needed, irrespective of this plan.

However, modelling stvs that by spending 8% to 15% of this total capital investment on transmission rather than
generation, efficiency gains are achievaldlbe ISP conservatively projeotaltsystem cost savings ranging between

$1.2 billion and $2.0 billionvith theintegrated approach and new transmission investimém ISPThese forecast

savings do not take into account all the market benefits associated with a more robust trarsmisdipmauding,

for example,the benefits of greater level of competitiancreased resilience, and a more flexible and adaptable

system. Conversely, ISP modelling projects that a less interconnected network will increase consumer costs and risks,
through greater reliance on local ggewered generationGPG), reduced benefifrom renewable resource diversity

and storage diversity, and greater risk of local system failure

Transmissioinvestment recommended immediate actiom this ISB estimated to bdetween $450 million and
$650 million Once spead over the life ofthe assetshis is equivalent fess than 1% of the annual transmission and
distributiorinvestmenn the currentegulatory cycl€$6.2 billion per yean.

Key observations for the future of a successful NEM

Changes in demand for power from the grid:

1 The plan demonstrates the transformative imgliatrtibuted energy resources (QERaily rooftop PV
and, increasing)ydistributed storageare having on the power system.

i Economic growth and population growthlongerresult in changes in the cattneed for power from the
grid, due to the counterbalancing impacts of distributed energy@tn s uaoaioss 6

1 Increases in electric vehicles will impact the uses of power, but over the plan period they are forecast
a small impacon overall gridbased demand.

1 For the power system to provide conswaére, a transition plan that supports the delivery of reliable
power at the lowest cost is essential.

2 Australian Energy Regulator (AESRate of the Energy Market (May 2018gdion 3.7.1(p. 111), available athttps://www.aer.gov.au/publications/statef-the-
energymarketreports/stateof-the-energymarketmay-2017.
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A portfolio approach

1 Maintainingexisting coafired generationup to the end ofts technicdlfe isa key element of a leastost
approach

1 Whenexisting thermal generatiagraches the end of its technical life and retires, the mosféastive
replacementf its energy productiomased on current cost projects is a portfolio ofutility-scale
renewable generatiorenergystorage distributed energy resources (DER), flexible thermal capacity
including gagpowered generation (GPGand transmission.

1 There is a growing need fenergystorage ovetthe next 20yearsto increase theléxibility andreliability
of supply

9 All scenarios in the ISP project a growing proportion of supply will come from DER. This is consistent
observed trends, where residential, industrial, and commercial consumers areimvesftog PV at the
highest rate ever, and there is increasing interest in battery storage and load management.

Thecrucialrole of transmission

1 The projectegbortfolio of new resources involves substantial amounts of geographically dispersed rene
generation, placing a greater reliance on the role of the transmission network. A much larger network

footprint with transmission investment will be needed to efficiently connect and share these low fuel ct
resources.

1 Increased investment in an intenemted grid provides the flexibility, security, and economic efficiency
associated with a power system designed to take maximum advantage of existing resources, integrat
variable renewable energy, ansupport efficient competitive alternatives for consaime

I Transmission investmevilisalso helpmanage the risk of anticipated but uncontrollable climate effects su
as bushfires, droughts (both water and wiad)l heatwaves

1 AEMO estimates that the additional transmission investment proposed invthdd&fhservativelgeliver
savingof around $1.2 billioron a net present value (NP\Hasis compared to the case where no new
transmission is built to increase network capabilities between regions (in the modelled Neutral case).
interregiond transmissiois projected tanore than pay for itself through efficient investment in, and use
generation and storage across the NElther important benefits associated with the plarinot quarified

in the modelling, includenefits arising aa result of enhanced competition and improved power system
resilience.

1 The value of th&lentifiedtransmissionvestment can be quantified by comparing total costs of supply
against a 6no new interconnect i otrodgly mtprtonneated grid, n
consumedlemand was projected to be met, but through more costly investment in generation and store

and greater use of GPG. This analysis projects that without further network development, consumers
pay more for energy

Renewable energy zones (REZs):

9 The ISP has identified a number of highly valued &i@ss the NEM with good access to existing

transmission capacity. To connect renewable projects beyond the current transmission capacity, furth
will be requirel.

1 The ISP considers how to best develop REZs in future that are optimised with necessary transmissior

developments, identifying indicative timing and staging that will best coordinate REZ developments wi
identifiedtransmission developments to reduegall costs.

Distributedenergy resources (DER)nd inter-regional developmentt

1 The High DER scenario shows the potential for even greater use of DER to lower the total costs to su
the NPV of wholesale resource costs reduced by nearly $4,lblioyparedo the Neutral casén this
scenario, the projected need for uti#gale investment and intragional transmission development to
provide access to the incremental REZs is reduced, however it still illustrates the need for greater inci
national transmission capacity to take advantage of diversity and better utilise dispatchable resources

1 The analysis in the ISP only addresses wholesale level costs, and further work is required to quantify
overall value of DER tmwnsumer This wifequire markets which support efficient integration of DER and

3 The present value of a future cash flow represents its worth right now. The net present value (NPV) is the sum ofahe pfsaihfuture cash flows (both positive
and negative). The NPV is commonly used hbenefit analysis to assess theremmic impacts of policies and projects.
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changes to the distribution systemludingsystem management tools and market interfacesaintain
security, reliability, and powejuality with increased DER.

Power systenrequirements:

1 Due to the changes in technology tthasformation requires the adoption of new technologies and
approaches to provide serviceseded to operate the power system that are currently provided
predominantly by thermal generation

1 The engineéng study undertaken of the power system identifies future requirements in voltage control
system strength, frequency management, power system inertia, and dispatchlagdéyequirements can
be met and system security maintained by procuring sefroceshe market, through network services anc
by the technical standards set for new plant connecting to the grid. Some recommendations are made
manage system strength in the future and to improve the updating of technical standards.

Timing of developnent plan:

9 AEMO looked at various transmission reinforcement options, assessing the costs and time tthiesplem
relative to modelled benefits, to determine the optimum immediate investments and staging of future
development

9 ThelSP delivers econontienefits under all scenarios. The timing of some elements varies under differe
assumptions, particularly relating to the rate of change and the progress of proposed major energy st
initiatives.

An integrated pathway for development of the powestsyn

The result of this modelling and engineering analysis is the identification of those investments in the power grid that
can best unlock the value of existing and new resources in the system, at the lowest cost, while also delivering energy
reliably to consumers.

The modellings consistent witlurrent experience in the NEMhere new renewable generation is beprgposed
andcommissioned at highrate Some of this generation is incentivised
energy target and renewable energy schemes in Victoria, QueensladdheAustralian Capital Territory

Howeverthe rate of build and continuing extent of interest in further investment indicates that at least some of the
investment is driven by the reducing cdstsrewable generatioand encouraged by an expectation of future

government policy in théational Energy Guarantet® support generation with low emissions.

As a result of the connection of this generation, and the expected connection over the reats{eiveye is a need
to increase the capability dhe transmission systéonredue congestion and prowdgeneraors, exiting and new,
with coseffective access to markeThe retirement of conventional generation over recent yaaiexpected
retirement of Liddell in 2022lso drive benefits from transmission development to improve the reladlity
resilienceof the system and to allow the efficient use of existing generation resources.

In the medium termg the mid2020s, here is & increaingneed forsignificant levels adnergysorage in the
portfolio of new energy sources required for continued reliability and seduréyransmission grid needs to be
developed to support the connection of the generation and storage options Watlvekecost, coptimising
investment in transmission, staragd generation across the market and optimisingisleeof all resources

In the longer ternin the run up to and after the bulk of expected coal retirements in th208@5,the planshows
the need for further transmission to delavenore integrated and resilient power systéime elements of this plan
have been groupednto three phasebased on thd@imingof the need and the scale and time to construct, taking
advantage of any time available to refine each element.

Theoverall plandelivers economic benefits under all scenarios, alththegtiming osome elements vasunder
different assumptions, patiarly relating to the rate of change and the progress of proposed reagngystorage
initiatives.

Group 1: Nearterm constructido maximise economic use of existing resources

Immediate action is required to maximise the economic use of existougi@&neration. Investment is also required
to facilitate the development of projected new renewable resources to replace retired and retiring resouttces, and
provide essential syem security.

To enable these benefithe ISPidentifies two relatively minor transmission augmentations that would increase
transfercapacityamongNew South Wale¥/ictoria and Queensland, providing immediate reliaBibtyd economic

4 In the first week of June 2018, New South Wales experienced reserve shortages due to an unforeseen combination obgeag®atominciding with low wind and
solar conditions. A 360 MW increase in New SoutreVdab i mport capacity would have resolved these Lack of
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benefitsby increasing competitive alternatives to consumers. The transsnissjented to benefitonsumeis all
regions by making better use of existing investment and creating greater market opportunitiesrive siement,
including anyequired and planednew localgeneration capacity in New South Wales

These minor transmission upgrades will sat@airsystem costs by improving productive efficiencies. In the absence
of strong operational demand growth, greater interconnection across the NENherealse efficient utilisation of
existing and committed resouraeslucing reliance on higheostGPG allowing coafired generators to operate

within more efficient rangesnd providing immediate benefits tonsumerby relieving network congestion.

In conjunction with these network upgratiesiSP identifies the need for synchronous condensers in South Australia to
supply both system strength and inertia to the region. This is essential now, and will continue to be needed after the
RiverLink inteonnectortie new South Australia to New South Wales interconrdistarssed in Group 5
developed to allow the mostcastf f ect i ve use of South Australiads | ocal

The REZs already developing in western Victoria andwedtern Victoriavarrant transmission investment to
improve access to renewable generators in this area. Reducing congestion increases and diversifies the supply of
renewable energy to the markeind improves productive efficiency from existing assets

AEMO recommendsat these network investments be progressed as soon as pbssiblese of the identified
benefits they provide immediatend the support thegleliverto achievethe highest consumer economic and system
security and reliability benefits over a rangerabdelled plausible scenarios.

Groupl 6 immediaténvestment in transmission shoulddegtakenwith completioas soon as practicagtte
1 IncreaséransfercapacitybetweerNew South WaleQueenslanand Victoridby 170-460 MW.

9 Reduceongestiofor existing and committeehewable energlevelopments western and nonvestern
Victoria.

1 Remedy system strength in South Australia.

In theBase plan, theeinitialtransmissiatevelopmentsr Group lare costed dbetween $45@nillionand $650
million andtheassetsvill continue tbenefittconsumsrwell beyond tt#0-yearISP forecast period.

Group 2: Developments in the medium termrioagce trade between regiqmsovide access to
storage and supporextensive development of REZs

The ISP shows that an interconnected energy highway would provide better use of resources across the NEM, through
both access to lowsost resources and realising the benefits of diversity from different resources intdiffere

locations with different generation profil@$ie additional transmissialso facilitates better use of the less flexible

thermal (coaland gasfired) generation, which through enhanced interconnectivity can more efficiently meet the
operational demad net of renewable generation.

The proposed initiatives @roup 2are of a larger scale and coshan those in Group &nd require longer lead

times to design andevelop, however also provide larger benefitghiéy have timely implementatiowork needs to
commence immediately on refining the requirenfemtise developmenislentifiedin Group 2 finalising the design,
and establishing implementation processes and faagpport the lowestost outcomes for consumers. AEMO notes
that theEnergySecurity BoardgSBis undertaking a review on how to best integrate the ISP with the regulatory
approval processeand suggests that these type of significant and necessary projestsitatdefor consideration

in this process.

The analysis in the ISBpports a new interconnection between South Australia and New South Wales (RiverLink). The
ISP has identified a range &irther expectedenefits from RiverLink, whiachwell as impving resilience for South
Australia, would enable connection of lasgeounts of renewable energy resources from the Riverland to Murray

REZ, as well as improving integional trade and competition, especially if linked to developments to support the

Snowy 2.0 projedn the 2020s and planned augmentation of the VictaiwaNew South Wales interconnection in

Group 3 RiverLink is currently under assessment by ElectraNet as part of the South Australian Energy Transformation
Regulated Investment TERLITY.

Other major transmission developments identified in thbd&#e about to commence assessrmahide the next
stage of the Western Victorian transmission upgrades, augmentation of the QueN&an8outh Wales
interconnectigmnd a minor augmentation of the existing Victdr&outh Australia transfer capacity

To support the flexibility and system security required of this future energy mix, the ISP shows a strong role for energy
storage that can shift renewable energy production at scale and provide firming support as well as system security.

5 Seehttps://www.electranet.com.au/projects/sowthstraliarenergytransformation/.
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The ISP examisbow the Snowy 2.0 and Battery of the Nation proposals fingesl. Specifically, the plan identifies
that increases in interstate energy interchange to take advantage of location diversity, coupled wibdkerge
storage and flexible gas generatioare essential components of a system that r@fisgynificant levels of variable,
zero-fuel cos{and hence low marginal cpetnewableenergy.

To accomplish thtee model demonstrates the economic value of network investment to efficiently support
development of the Snowy 2.0 and Battery of the Nation proposals.

AEMO understands that a final decision to go ahead with the Snowy 2.0 project is likely before the end of 2018.
When a final decision is made on the commitment of Snowy 2.0, a new lifikifnoirto Bannaby (Snowylhtdtth)

and associated works between Bannaby and Sydney West would psystEnbenefits. AEMO also understands
that there isvork being doneo progress th@attery of the Nation initiative, which would provide additional pumped
hydro storage in Tasmania for use across the MEMdcondnterconnector linking Tasmania to the mainland NEM
would be needed to support this project.

AEMOwill work withprojectproponentdgo refine the timing of the commissioning of these projects and requisite
transmission investment for energy delivery. The relevant transmission developments are:

9 SnowyLinB provides route diversity to harden the geadainst extreme climate coridits, and unlocks high
quality renewable energy resources, reducing connection costs for new renewable generation needed once the
maj ority of the coal fleet retires. Wi thout this int
services (sh@as GPG or energy storage) would be required to address the lack of diversity that arises from
concentrating renewable generation in clustés. link can be delivered in two stadesnortlerncomponent
(SnowyLink North) connecting Snowy 2.0 to Syébilywed by a sougrncomponent (SnowyLink South) that
enhances interconnection between Victoria and New South Wales.

9 MarinusLin& facilitates development of Tasmania as either one or multiple REZs. This would be beneficial if
further renewable generain development in Tasmania delivers the potential value highlighted by Battery of the
Nation studié’s

Group 206 action should be taken now, tiieité work on projects for implementatiotiésnid2020swhich would:
i Establish new transfer capacitwéenh New South Wales and South Australia of 75@RX&TLINK).
9 Increase transfer capacity between Victoria and South Australia by 100 MW.
1 Increase transfer capadigtweer@ueenslandndNew South Wales by a further 378 M@NI).

i Efficiently conneenewable energy sources through maximising the use of the existing network and ro
selection of the above developments.

9 Coordinate DER in South Australia.

AEMO wilcoordinatevork with project proponents on a design for transmission networks tetetppart
storage initiativeSnowy 2.0 and Battery of the Nation)

Group 3:Longefterm developments to support REZs and system reliability and security

Inthe periodfrom280 t o 2040, a si gni f i-fred geheratomis expecteddofreachlerel ofNE M3 s
technicalife and retire. As noted,igen the scale of the investmantl building time requiredt will be important to

retain existing codiired generatorauntil the end of their technicéé&lto maintain reliabilityThis approach is also

costeffective because Wile existing generators still operate, they can generate at lowertbast:mew investment.

Once these generatorstire, a new generation mix based on renewablgsrigectedto be lowercostthan new

coalfired generation.

The ISP provides a coherent pathway to a more strongly interconnectby thédmid2030s. A this point, a more
strongly interconnected grid will:

9 Provide access to a large capacity of conventional generation, renewable generati@mexggstorage to
meet consumer demand.

1 Provide the capacity to best locate and use those resources.

9 Take advantage of geographic, time, and resource diversity invadsle resources, and allow more efficient
operation of coafired generation and GPG.

6 Seehttps://www.hydro.com.au/cleaenergy/battery-of-the-nation
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9 Improve reliability and resilience of the system by allowing resources within and across regions to meet consumer
demand and promote greater resilience.

It is importantd deliver the optimum mix in the portfolioce§ourceto minimise total cost of supply. While actual
investment in generation and storage projects will be driven by market incentives and technology costs at the time, the
transmission grid to support tfl@quires planned, regulated investment.

The strategic design and selection of a transmission route is critical. Cost savings are available if interconnectors pass
through identified REZs and alleviate the need for-irtgéonal network extensions to @mlocations. A view to

future climate risk resilience will also influence route selection, with projected increases in extreme weather events and
bushfires increagjrihe value of route diversity.

The ISP proposes, in Gra&jpstrengthening interconnentbetween Victoria and New South Wales (SnowyLink) to
improve resource sharing across the NEM and deliver fuel cost savimgierddimector will also facilitate the
efficient connection of new RE#thinVictoria and N& South Wales.

A number of addlional REZs will need to be accessedaniockhe lowcost resources required to replace the energy
previously supplied by retiring cefited generators. This includes a number of new REZs in New South Wales and
Queensland.

There is time to consult refine, and finalise initiatives in Group 3, including the selection of preferred REZs and their
timing. The refinement of the projects in this group will also include consideration of the timing of transmission
development. Given potential increasessk as generation units age, the planned investments should occur in
sufficient time to provide a level of flexibility in the event of unexpected and unrepairable catastrophic plant failure.

Group 308 in the longer terrtg the mie2030s and beyonthe @pability of the grid should be enhanced to:

9 Increase transfer capacity further between New South Wales and Victoria by approximately 1,800 MV
(SnowyLink)

i Efficiently conne@newable energy sources through additionategicanal network development.

Next steps

The 2018 ISRsia first,and very significantstep in adapting the national transmission systeneé&current and
future needsThe plan is robust and based on rigorous engineering anagséestablishednalytic frameworks
A program ofworkisoutlined in the ISP fartherrefine the recommendatiofts groups 2 and 3 of the plan.

AEMO®ds modelling confirms that the NEM is at a critice
next two years will shape the future oétbast coast energy systems for decades to come. We look forward to

collaborating with industry and government to progress developments that can support an affordable, reliable,

secure, sustainable, and futpm®of energy system for consumers across Eiéd. N

AEMO will commence consultation on the ISP, indisicipgts, methodologgnd conclusions. Information supporting
this document will be publishadd an extended workshop will be held withkstholders to aid consultation. Further
information wilbecome available on key projects, especieadiiated to storage. This information will be reviewed
and current trends analysed to confirm or refine findings.

AEMO will work witproject proponentand theAustralian Energy Regulaté&ERto take the immediate actions
recommended implementing the projects in Group and willwork withproject proponents progress design

work on projects in Group 2. AEMO will also work with the ESB and other market bodies to develop a process for the
development, approvaind implementation of these Group 2 projeatswell as the criteria used to implement

future plans. The COAG Energy Couwmitlilalso need to identify the actions it would take as part of this process

This ISP complements thenitidns of the National Energy Guarantaed other market rule and policy changdlest
have beeraccepted by the COAG Energy Council through its approval of the Finkel Review as the core foundations
of a smooth transition.

The ISBhowshat the power syem of the future will be substantially different to the power system of today. The ISP
modelling optimises outcomes overall and, astbaske, arenot necessarily the outcatizgat would emerge from the
current regulatory structure. These issues arepmsipriately addressed through a coordinated approach

supported through the ESB. AEMO looks forward to directly collaborating with market bodies through the ESB and
market participantto ensure the regulatory and market arrangements are fit to besteaddhe needs of power
consumertoday and into the future.
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1. Context for the ISP

The ISP has been developed through rigorous modellingnatygsis, using established engineering cost and system
security models and analytic framewoiKsis report provided the outcomes of that analgei includenformation
previously released underMational Transmission Network Developmel(NFIEDR

1 This bapterprovides the contexor theISPand why it has been developed

1 Chapter 2outlineghe modelling approachsed(refer also Appendix F)

9 Chapter 3 outlines tharojectedmix of energy resources in the National Electricity Market (NEM).

9 Chager 4 outlinesA E M @éssssment oénewable energy zones (REZs) in the NEM.

9 Chapter 5 outlines power system requiremigatismusbe met.

9 Chapter 6outlines the integrated developmeidn for the NEM over the next 20 years, including
- Developmentfor nearterm construction

- Development® around the mi®020s thatare of a larger scale and cosare projected to deliver larger
benefits, and on which work should also begin immediately to investigate and consult on requirements, designs,
and implerantation plans.

- Longerterm developments identified for the later part of they&ar outlook, on whicheére ismore time to
consultincluding the selection of preferred REZs and their tiemdgplanning for transmission developments
to support the pdfolio of resources and deliver secure, reliable energy at the lowest total costs for cansumers

fTChapter7out | i nes AEMOG6s proposed next steps.
9 Appendicego the report provide more detail
- Appendi x A provi Reds. AEMOG6s review of

- Appendix B providekey climate change projections that are expected to influence future energy
infrastructure, supply, and demand in the NEM

- Appendix C provides details kEM@® assessment of system security over the céimengear periodand
any newNetwork Support and Ctnol Ancillary Services (NSCA@psidentified

- Appendix D provides details on the transmission developments proposed under.this plan

- Appendix E provideA E MO0 s rtessipmssioasaeceived durdogsultation on the ISP in December
2017.

- Appendix Fprovides details on the methodology, approach and assumptions used in the analysis for the ISP.

- Aglossary to terms used in the ISP report and appendices.
AEMO haslso provided thiadditional information oits website

9 ISP Input assumptiansrkbooK.
1 Interactive mag visual presentation of ISP outcdines
9 2017 NetworkFlows and Congestion data

7 AEMO, Integrated System Plan Assumptions Workbook. Availaest/www.aemo.com.au/Electricity/NatioralectricityMarket NEM/Planningnd-
forecasting/IntegrateeéSysterPlan

8 AEMO Interactive maps and dashboards. Abéel at http://www.aemo.com.au/Electricity/NationBlectricityMarket NEM/Planningand-forecasting/Interactive
mapsand-dashboards

9 AEMO publishes information on congestithin the Congestion Information Resource TG#R)Rprovides a consolidated source of information relevant to the
understanding and management of transmission metangestion (constraingkd includingnformation on where to find constraint data, policies, procedures,
guidelines, CIR consultati@msl education materiafvailable at:https://www.aemo.com.au/Electricity/NatiorlectricityMarket NEM/Securityand
reliability/Congestiofinformation
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1.1 AEMOOGs responsibilities under t

The National Electricity Law establrédhegi REM@Ostr ohe &
responsibilities:

66 (a) to prepare, maintain and publish a plan for the development of the national transmission grid (the |
Transmission Network Development Plan) in accordance with the Rules;

(b) to establish andaimtain a database of information relevant to planning the development of the natio
transmission grid and to make the database available to the public;

(c) to keep the national transmission grid under review and provide advice on the devel@pgniehtiof th
projects that could affect the grid;

(d) to provide a national strategic perspective for transmission planning and coordination;

(e) any other functions conferred on AEMO under this Law or the Rules in its capacity as National Tra
Phanner.

National Electricity Law Part 5, Division 1, 4

This scope, which took effect when AEMO was formed in 2009, expanded the scope of previous national transmission
planningreports AEMO must have regard to tNational Electricity Objecti® EQ) in carrying out its national
transmission planner functions, and all its activities. The NEO is:

66 ¢t o promote efficient investment in, and effic
of consumers of electrigitigh respect fo

(a) price, quality, safety, reliability and security of supply of electricity; and
(b) the reliability, safety and security of the national electricity system
National Electricity Law Part 1, Z

The National Electricity Rules (NER) set oufagt@atsAEMO must take into account in developing the NTNDP, and

the mini mum content requirements. As part of these rec
appropriate course for the efficiedte vel opment of the national transmissio
20 years. The work to develop this plan was wundertakenr

transmission planner. This report and the accompanying documéulfdsiatl the requirements in the Rules of
the NTNDP.

1.2 The Finkel Review

InOctober 2016,Council of Australian Governments (CO&&@rgy ministers agreed to an independent review of

the NEMto take stock of its current security and reliability and geogidvice to governments on a coordinated

national reform blueprinThelndependent Review into the Future Security of the National Electricity Wesket
established with Dr Al an Finkel AO, Austibeal i ads Chi ef

The Review provided Blueprint for the FutuBecurity of théNEMPO. The Blueprint outlined three key pillars to
deliver the necessary outcomes

9 Orderly transition to provide certainty and drive investment.

9 System planning to inform investment decisions and deliver an innovative, low emission, secure, and reliable
power system.

1 Stronger governance to drive faster rule changes, overcome challenges, and deliver better outcomes.
In recommending the need forttee system planning, the review concluded that:

9 Better system planning should see AEMO having a stronger role in planning the future transmission network,
including through the development of a Niille integrated grid plan to inform future investmeniglens.

10 Independent Review into the Future Security of the National Electricity Market, June 2017, availadsig/atvw.energy.gov.au/governmenptiorities/energy
markets/independenteviewfuture securitynationatelectridy-market
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1 Significant investment decisions on interconnection between states should be made framdedéEective,
and in the context of a more distributed and complex energy system. AEMO should developatéstiaf
priority projects to enablefficient development of renewable energy zones across the NEM.

This ISP is the initial implementation of the second pillar, improved system planning, as well as a specific
recommendation (5.1) in the Finkel Review.

66 Improved system planning

51

5.2

5.3

By mid2018, the Australian Energy Market Operator, supported by transmission network service
providers and relevant stakeholders, should develop an integrated grid plan to facilitate the effic
development and connection of renewable energy zones acragmgdeEMgtricity Market.

By mid2019, the Australian Energy Market Operator, in consultation with transmission network
service providers and consistent with the integrated grid plan, should develop a list of potential
priority projects in each regitvat governments could support if the market is unable to deliver the
investment required to enable the development of renewable energy zones. The Australian Ene
Market Commission should develop a rigorous framework to evaluate the prioritynphajiéags, i
guidance for governments on the combination of circumstances that would warrant a governme
intervention to facilitate specific transmission investments.

The COAG Energy Council, in consultation with the Energy Security Board, shaayd newvidncky

the Australian Energy Market Operatorle in national transmission planning can be enhanced.

Recommendations from the Independent Review of the National Electricity Market (¥

A key element ofhe Finkel Revierecommendations was the need for a systéae grid plan:

éé The introduction of an integrated grid plan will inform investment decisions and ensure security is prese
region as the generation mix evolves. This will ensure that we caragengeter electricity more efficiently

Recommendations from the Independent Review of the National Electricity Market (f
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2. Development of the ISP

Theprimary objective of the ISP is to identify a national, strategictplaupportdevelopnent of theenergy system
which will delivesafe,reliable, and securelectricity at lowest cost ama the context ofovernment policies.

Regul ated transmission investment is best characteri se
transmission investment supports the retention and development of supply resources that represent the lowest total
system cost, includingthdransmission and generation investment. By supporting the delivery of energy from the
lowestcost supply optionsansmissioenables the market to deliver value to consumers through greater competition

and the opportunity for lower prices than wouldeswise be requirednthe next 20 years, there will be a need to

make additional investment in the NEM to replace retiring coal plathtsddress ageing network infrastructurbe

challenge is to determine how best to enable the setgaflated andmarketbased investments that can deliver the

requisite energy to consumers at the lowest cost.

ThelSPneeds to be able to suppattieseexpected trends and likely changes that are occurring on the energy system
including retirement of existing generatimplacement with portfolio of resources (utiliscale renewable

generation, storage, distributed energy resources (DER), flexible thermal capacity, and transmission, with an orderly,
low-cost transition facilitated by maintaining existing generati@md of technical lif&), and the corresponding

need for greater power system flexibility this context,reaffordable energy system that provides energy security

and reliabilitymust be optimised across the entire energy supply chain, frorrskziggeneration to the consumer

level.

The ISP identifies the transmission investments required to achieve that éligdtOweill work with colleagues at
the Energy Security Board (ESB) to identify what policy and regulatory changes are necessary aniadtapiprop
facilitate the transition. AEMO notes, in this regard, that other jurisdictions througbogdrtisation for Economic
Cooperation and Developme(@ECD) have engaged, and are engaging, in similar changes to their regulatory
structures as theglate to transmission investment to support the industry in transition.

The development of significargtworkinfrastructure can take multiple yeaaad will last for many mordll future

planning therefore needs to make recommendations, cognisattrefincertaintie$o meet the objective of

planning and to be certain that the plerobust anadan readily meet current needs and adapt to possible changes,
alternative scenarios must be considefée. goal is to use the scenarios to identify thv&stments that will provide

clear consumer and system benefit under almost any probable artdreimultaneously avoid the risk of poor

investment decisions resulting in poor economic outcomes for consumers and investors as well as a lebfesecure, relia
and resilient integrated power system

The analysis undertaken for each scenario requires a range of key inputs that can have significant impact on the
system requiremenSEMO developed the range of inputs needed based on its own engineerioparaiions
experience, observation of current trends, expert advice, and wide consultation with industry and government, and
through robust modelling. These necessary inputs include a range of parameters or assumptions related to:

9 The retirement of existincoalfired generatorsas notified by their ownersr when they reach their expected
end of technical life

9 Operational demantt.

1 The cost and performance of the various supply options across a broad range of technologies, including thermal
generation, ®rage, and renewable generation from the potenfREZ&entified.

1 Arange of potentiakystem investments

1 The policiesvhich will have a direct impact on the development of the powensyste

Thekey inputs and assumptions are discuss8eéctior2.3, and the chosen scenarios are describeSdotior?.7.
The full set of data used in the ISP has been published sep&tately

For this ISP, AEMO heedan integrated energy approach utilising stadéthe-art PLEXOS software to
coopti mi se gas and electricity infrastructure invest merl
optimisation considers bdlie value of geographic divergiand the economies of scale associated with clustering

1l n this report, AEMO uses the term oportfolio of rngenagytomeesfdrecastsdensahdeandt hand f or
support reliable, secure power system operation at the lowest total cost.

12 Operational demand means the electricity used by residential, commercial and large industrial consumers, as suppligebhpecsetieduled, and significant
nonscheduledjeneratingunits. For more on definitions, b&p://www.aemo.com.au/
[media/Files/Electricity/NEM/Planning_and_Forecasting/EFI/2018/Operatigbahsumptiedefinitior--2018-update. pdf.

13 Available athttps://www.aemo.com.au/Electricity/NatiorlectricittMarket NEM/Planningnd-forecasting/Integated-SysterrPlan
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renewable generation in fewer locations. It takes a systems vieextratneghe requisiteportfolio of generation,
storage and transmission that meets the future needs of the power aystéhensolves, on an economic cost basis,
the resources that might be used to meet these needs.

In effect, it forecastwhat future investment is likely in generation and storage, assuming rational invkstisiens

by market participants based aurrentinformation on technologyosts and supply requirements. Further, rather than
simplyassessing incremental investment opportunities, it looks ale@sdr® recommendations made now
complement future investment requirements.

As required, AEMO specificallgnsidered the potential value of identifi&EZto connect additional resources at

low costThe ISP has analysed the potential value of developing a number of preferred zones of renewable
generation to provide an effective, leasbst way to integrate e generation, storage, and transmission
development. The proposed transmission development increases the ability of renewable generators to connect
without additional action.

System modelling also takes into account the physical requirements of thEfwurgystem. In particular, the ISP

integrates power system analysis using P8&rt system strength modelling undertaken in PS@APart of

AEMOds Power System Frequency Risk Review pasadflectss. Cor
the reliability and security requirements of the integrated grid.

The result of this modelling and engineering analysis is the identification of those investments in the power grid that
can best unlock the value of existing and new resources yrstm sat the lowest cost, while also delivering energy
reliably to consumerand supporting stable and secure power system operafiotise context ofational and state
emissions reductions commitments.

The reliability and security of the power system is an imperative, and all scenarios have been modelled in a manner
which ensures standards are met. AEMO has also considered a number of risks to the system, and sought to ensure a
level of system resilienda particular, the exposure to climate risks and especiaktteme weather evensnd

bushfires has been considered. AEMO considers that planning for system resilience related to climate effects will be a
critical component of planning for the futpoever system. Further work will be undertaken in this respect and

included in future plans.

2.1 Consultation on approach and inputs

AEMO consulted broadly with stakeholders in 2017 on the ISP and its inputs, and undertook two formal stages of
consultation edy in 2018. The firsttage sought feedback on input assumptions, settings, and medwllirdjnghe
useofascenarib ased approach. Stakeholders provided a wide r &
scenario assessment for the I@RchAEMO mcluded in its modelling. In accordance with the requirements of NER
5.20.2(b)(1), in preparing this PlI&REMO has taken into account the submissions amatieformatiorabout
submissions an &induBddDdmendixeEs ponses

In developing th ISRextensive consultation was undertaken with a wide range of stakehatdeesordance with
NER 5.20.2(b)(3)(i) and (iv), in preparing ItBe AEMOalsoworked closely with therisdictionalransmission
Network Service Providers (TNS®Bghat here wasa high degree of alignmeittetween the ISP and théinnual
Planning Reporte/fiich needed to bandertaken concurrentiid recent revenue determinations.

2.2 Planning for a range of futures

AEMO has developed timelines and recommendationsaafiérsing a range of plausible scenarios, so the ISP
reflects the needs of different possible futuiesorporating expected changes in technology, consumer engagement
and economic growtin any planningtudy it is not possible to explore every potahfuture, so AEMO consulted
widely to select scenarios that were broadly considénednost usefulhe chosen scenaridsqcribed in Section

2.7) seek to explore a range of plausible and internally consistent future worlds by varying key uncertainties and
dependencies to ensure robustness of any recommendations

Extensive modelling ¢ime scenarios has been undertaken to build an understanding of how the power system can be
expected to develop and to recommend a strategy for the future development of the grid.

Modelling the increasingly complex energy system requires new, innaativigued-or this ISP, the market
modelling approach examide

14 Power System Simulator for Engineering (PSS®E or R3Bdp)ietary software from Siemens used by power system engineers to simulate electrical power systems
in steadystate conditions as well as over timescales of a few secomstoftsecond®SS/E modelling isutinely used for largscale power system studies by
AEMO and registeredEMparticipants.

15 Power System Computer Aided Design (PSCADR®) is proprietary software from Manitoba Hydro International, an electromdgniio transierEMT)
simulation environment and study tool for modelling and simulating the transient and dynamic behaviour of the poR8C#Btenthe most widely used
EMTfype simulation toofnd isextensively used by major power system eqaigrmanufacturers.
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1 The role that existing generation may continue to have, including hydsirechand gaspowered generation
(GPG),while emerging lovemissions technologies enter and erode the compatiirket share of traditional
generators.

1 Whethernew base load generatiosuch asigh efficiency low emissions (HELEfioedlgenerationcouldhelp
deliver lowcost, reliable, and secure supply as part of a portfolioesburcesecognising the ireasing need
for synchronous generation to operate flexibly to assist in the management of renewable energy oversupply and
variability.

1 Gas and electricity system-dependencies, to consider the capabilities of the gas network to deliver gas for
GPG as wd as for domestic gasonsumerandliquefied natural gasL(NG exports

1 Diversity across geographic areas as well as generation technologies through detailed resource assessments of
variable renewable resources across the NEM, identiRixs

1 The needor and technical capabilities of energy storage, particularly the capacity for variable renewable
energy, supported by storage technologies, to provide eneggiacing solutions foetiring coal generators.

9 The role of the transmission network, throagiptimised expansion of the generation mix and the transmission
infrastructure required to deliver this new eneFgy. examplerenewable generation can be 4ocated inREZs
to share transmission, and be built in locations where new generation can use major transmission assets that are
already operating, being augmented, or being huilt

1 The impact oDERco-ordination, utilising these resources to meet system needs rathapetating passively

The outcome for each scenario is a 6least resource COSs
securityand emissions constraifise Sectiof.1.2 for modelling outcomes and the identification of the projected
lowestcost portfolio of resources.

The ISP modelling and decisinaking process are summarised briefly below, and described in greater detail in
Appendix F ad associate®®018 ISP Assumptions Workb&ok

2.3 Planningnputs

The principal inputs to the ISP relate to forecast changes in average demand, the timely retirements of existing supply
resources, and the economic profile and other attributes of new suppiscessancluding storage resources. The key
inputs in this plan reflect the fundamental changes occurring in the power sector:

9 Demand forecastdunder | yi ng demand for power (at consumer sod
population and ecomoic growth. Much of this growth, however, is projected to be met lguzERs rooftop
PV)and energy efficiency. As a resulemand for gridsupplied energysforecastto remain relatively flat over
the outlook periodandload growthis not theprimary driver of newinvestmerin this ISA_ocal pockets of
demand growth are still projected, and will need to be addressed and coordinated within the broad€sexdans
Section2.3.2 for more detail on forecast trends in efggty consumption).

9 Schedule of generation retiremendsa schedule outlining when existing generation plant reaches expected end
of technical fe and retires is a key input to the ISeassumed retirement timioba significant proportion of
the coalfired generation fleet is a dominant driver for future planning of the power syst&isignificant
numbeif coalfired generators in the NENave either advised they are closjiog are expected toreachthe
end of their technical lives 80 yearsof age, during the plan periodThis is an important driver of investment in
the resources and infrastructure needed to sugpigumedemand.

9 Cost projections for supply the costomponentsf conventional generation and the cost and performance of
renewable generation andnergystorage are key inputs to the ISP. Changes in these input costs are also forecast
over the plan period, projecting trends observed over recent years>gpetted cost reductions over time based
on the maturity and potential of the technology. Based on these costs, the delivered cost of energy from wind and
solar in combination with storage from pumped hydro and batteries is anticipated to be lower thatigene
based on new coal or natural gas when the existing coal generators Téigds an evolving trend from previous
plans, but the | SP uitlisscAl&Eddar generdtionis projected t@be lowest thanhwing h
generation. Tik change in cost relativities impacts on the generation forecasts, the pretegeahd the
identifiedtransmission developments

16 AEMO, Integrated System Plan Assumptions Workbook. Availabgsit/www.aemo.com.au/Electricity/NanatElectricityMarket NEM/Planningnd-
forecasting/IntegrateeSysterrPlan

17 Thetiming ofretirements ofoatfired power stationss highly complex and the outcome of a wide rangea@hmercial and financidctorsin the market~or the
purpose of this ISREMO hasissumedetirements of codired generators at either announcegtirementimes, or a time based &b years ofoperational age of
the plant (t e rAucealireti,ementdimingiceuld be earlief oetdihpn assumed. See SecRohfor details.
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9 Transmission development optiond a wide range of potential upgrades to the national transmission grid were
designed anctosted by AEMO and the TNSPs. These includededgtomal developments to connBé&2Z and
interregional developments to reduce impending congestion, take advantage of dieaidithevelop and use
the lowestost generation and storage resources.iddatified transmission investments support a wide range of
planned and potential supply investments throughout the NEM, and at locations that optimise their value to
investors and consumers. In developing these transmission options, AEMO also revigevetirésks to the
resilience of the system and considered the need to maintain system strength.

1 Policy assumptions) the scenarios in the ISP were each modelled under policy directives current at time of
modelling®. The approach was to model the lowess$t approaclin the context o€urrent federal and state
government policies. These policies influence the development of the poweflisg giem.assumes no risk
premium on any investmeagsuming rather that the National Energy Guarantee removeassthahdsupports
the technologyeutral approach taken in the ISP

2.3.1 Policy inputs

The NEM operates in thentext of a range of government policies at state and national [EkellShcludes
announcedederal and state governmepblicies that will affect investment decisibrigerent in the planning is the
assumption that policy certainty will allow efficient, technategyral investment decisions to be made, and that the
appropriate framework will be in place to deliver theliability outcomeand sustainability policy contelstiilt into

this plan.

AEMO has incorporated the Commonwealth governmentds
has also tested the impact of a faster reduction in emissions. AEMfdnporated the Victorian and Queensland
Government s renewabl e energy policies in al/l cases

AEMO uses its published commitment cktéoiadeterminig which proposed development projects are included in
the modellingBecause¢he Snowy 2.@nd Tasmanian Battery of the Nation projects do not yet meet these
commitment criteribut are being actively pursuethese projecthave beerexplicitly modelled in a separate
scenaripto exanine how these largascale hydro storage investments suptartlexibility and system security
requirements of the future energy niiEMO notes that significant work is underway on these two major storage
initiatives, and this work will provide valuable new information to the mAEO willcontinue to work ith project
proponents on a design for transmission networks to support these storage initiatives

2.3.2 Consumption

Total NEM electricity consumption is forecast to remain relatively flat over the outlook period in most agenarios
shown ifrigure 0.

Thidorecastreflectsprojections ofjreater energy efficiency angrowth indistributedgeneration including rooftop
solar PV accompanied by growth in battery storagéind the metenffsetting drivers for increases in consumption
arising fronprojectedproductivitygrowth due tdorecastgrowth in population and the econamy

While overall electricity consumption is forecast to remain relatively flat, growth rates are not homogesstiseacr
grid. AEMO's forecasts of individual connection points within regions of the NEM demonstrate that local pockets of
demand growth are expected, and will need to be addressed and coordinated within the broader plan. Western
Sydney and other city frije locations are expected to experience greater population growth as our capital cities
expand. Further work is required to investigate and incorporateegiibnal demands into future assessments.

18 AEMO adopts a consistent process across all its major reports to include existing government policies weiiig.itSonadure ISPs, AEMO will engage with the
Energy Security Board on how best to manage current and prospective government policy implications

st

19 Commitment criteria are summarised under the Background information tab in regional spreadshe&éan ABVe ner at i on I nf or mati on page.

https://www.aemo.com.au/Electricity/NatioralectricityMarket NEM/Planningnd-forecasting/Generatiofinformation
20 |n its July 2018 reporRestoring electricity affordability & Australia's competitive advémtai@ble atttps://www.accc.gov.au/publications/restorietectricity

affordability-australiascompetitiveadvantagg , t he Australian Competition and ConsvemghtCdmmisdsi avihne( &«

higher prices resiig from ovesinvestment in networks may drive consumers to maketsuhl choices about their supply and use of energy. In its consumption
forecasts, AEMO has not assumed any deeight loss associated with network ewmeestment, because the leestt approach adopted in this ISP is designed to
avoid this outcome.

© AEMO2018 | Integrated System Plan 20


https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information
https://www.accc.gov.au/publications/restoring-electricity-affordability-australias-competitive-advantage
https://www.accc.gov.au/publications/restoring-electricity-affordability-australias-competitive-advantage

Figure 1 Total NEM gerational consumption
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2.4  Anticipated oal-fired generation retirements

The impending retirementsaafatfired power stationare highly complex and the outcome of a wide range of

commercial and financiactorsin the marketAs a result, the projected timing of retirements is highly uncédain

the purpose of this ISREMO hasissumedetirements of codired generators at either announcesgtirementimes,

or a time based on oper at i on al Fardplack adfired power spatioasnthis ( t e r me
technical life isssumed to be 50 years in most cakes.Victorian brown coéired power stations, the retirement

dates broadly align with the Lyear mine rehabilitation guarantee secured by the Victorian Government in June

201822,

Figure 2below identifies the retirements of coal plant across thetN&MWereassumed as inputs to the analysis. The
retirements are spread across Queensland, New South Weate¥ictoria, with NevBouth Wales the NEM region
assumedo have the greatest scale of aghiven retirements.

It is assumed thapproximatelyl5 GW of generation (14GW of coal fired andabout 1GW of GPG) will reach

its end of technical life by 2040 and retire. This isqutgd to result in an overall reduction in the energy generated
from coaj with the coafired power stations retiring currently generatiagproximately70 TwWh, equivalent to

around onethird of current total NEM consumption

The modelling allows for dear retirement of coaland gasfired generation on economic grouyifighis decision
would deliver lower total system co&esvenue sufficiency for individual power plant has nehlfactoed into
assessing retirement timiligthe development of Group 2 and Group 3, AEMO will further consider revenue
sufficiency and the risk of catastrophic early failure of existing generators.

21 The ISP considers that all generators will need to either be retired or require significant capital investment equipiestrient cost at the end of each
generator@®s technical i f

22 Seehttp://earthresources.vic.gov.au/eartsaircesregulation/informatioffor-communitand-landholders/miningnd-extractives/latrobevalley-coat
mines/yallourrand-loy-yang-rehabilitation
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Figure 2 NEM coaffired generation fleet operating life to 2040, by 50th year from full operation or annaeul retirement
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2.5 New generation, transmission, and storage options considered

ThelSP is, by desiga, holistic and technologeutral approach, integrating existing and new resources on both the
supply and demand siglat utility-scale and distributed at 0 n s u me r sabthepowestrovesleconsumer
expenselt takes into considerationtsoad set ofthermal andenewable generation, transmission, and storage
investmerpportunities across the NEM in assefisgngequisite transmission developredeliver thed | e a s t
resour c e ere@psnix@apftalandiopezating costs for all technologies are provided for reference in the
2018 ISP Assumptions Workb&oHK he same weighted average cost of capitasapplied for all technologies to
converftcapital costs into an equivalent annual cost stream for assessment.

As has been widely noted, baththe contextf emissions policy and due to their falling costs, renewable wind and
solar resources are quickly becoming the lowest capital cost refemigapplying energyAlmost 80% of all

currently announced, proposed, advan@edcommitted projects the NEMire wind or solar generatagis In many
jurisdictions, the ideal location of these resources from the perspective of fuel availdistapisronthe network
required to deliver the energy to consumers and will require transmission development to connect them, and
dependent on where they connect, potentially also system strength remediation.

A wide range of potential REZs across thiel MEere analysed and the characteristics of the resources in those zones
determhed.AEMO identified and assessed BdtentialREZacross the NEM through consideration of a mix of

resource, technical, and other consideratioregddition to thejuality ofthe renewable resource, AEMO assessed

value of thediversity of renewable generation within the region to generation in other REZs and its correlation to
demand.The planningnodelanalysed which mix of plant from whiREZsvould be the optimum, talg into account

the diversity of those resources, their costs, network costs and any storage required for balancing supply and demand.

AEMO has also considered thensmission investment required to develop REZs to promgieneigccess to the
lowestcost renewable resourcedodelling also considered the need for specific REZ developments in light of the
availability of locations close to the existing network that could be relied on to deliver energy with a reduced level of
transmission investment.

AEMD has worked closely with TNSPs to identify an efficient range of potential network upgrades for consideration
to provide continued power system reliability and security during the transformation of the NEM.

23 |Integrated System Plan Assumptions Workiweaikable at:https://www.aemo.com.au/Electricity/NatiorlectricityMarket NEM/Planningnd-
forecasting/IntegrateeSysterrPlan

24 AEMO Generation information, March 2018. All generation projects currently openatthgrawn, committed, and proposed inlt{eM are reported by region on

AEMOG6s generat i on ihtf/ewwaanoicamau/mecticityiNatmrElectriaittMarketNEM/Planningand-forecasting/Generation
information
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2.6 Approach to modelling

To understand how the power system can be expected to develop and recommend a strategy for the future
development of the grid, AEMO conducted extersigmodelling and codienefit analysis applying the inputs
outlined above to each of the scenariosussed.

Modelling the increasingly complex energy ecosystem requires new, innovative techniques. This has required AEMO to
adopt a multistaged modelling approach, with each stage helping to build a more complete analysis of the strengths

and weaknessed warious future grid development optioRgyure 3below summarises this approach (the ISP Model).
AEMOhaspublisied detailed information on the methodology separaigke Appendix F of the ISEnergy

Exempl ards PLEXOS Integrated Energy Model (PLEXOSE) i s

The ISP Modslbughto find the optimal mix of gas and electiycinfrastructure investment and operation which
meets the future power system needs at lowest cost for consumers across the NEM. The initial amdbdysis focuse
identifying the optimal solution for each scenario and progressivelynwfiading the ovall plan whictwas

optimal, or close to optimalcross all scenarios.

The modelling approach requirextensive computatigmecausehe ISP Model consigera broad set of investment
choices in generation, transmission, and storage across regionsesdirrough the plan timeframe.

Figure 3 Summary of modelling approacid the ISP Model

Identify resource potential, constraints and inputs for each
plausible planning scenario

Co-optimize generation, transmission and gas infrastructure build
to meet peak demand and energy requirements for each scenario

at the lowest NPV resource cost

Identify candidate I5Ps based on combinations of common
transmission network investments observed across scenarios

Refine renewahle generation mix, storage and renewahble energy
zones foreach candidate ISP, capturing value of geographicand
technical diversity to deliver the lowest cost outcome

Test each candidate plan for: power system reliability and security,

robustness and resilience

The ISRodel tookinto account:

1 Availability of gas reserves, resources and pipeline capadéitiesse influence the cost and availability of gas
and consequently the vidity of futureGPGto supply electricity consumption in volume.

1 Maximum renewable energy potentéaid constraints in eacbgiond the quality of the renewable resource,
potential quality degradation as more generation idawated, existing spare traméssion capacity, and cost to
augment the existing capacity all influence the value of a ddbgation andREZ. Where new interconnector
routes pass by REZs and effectively encompass thedgioaal transmission augmentatiequired to access the
REZ&eneration, this valugascaptured by removing any REZ transmission congestion.

9 Diurnal and seasonal weather pattebysREZ the hour by houprofile of expectedoutputfor each renewable
generation technologg related to the REZ in which it is loca#deMO used historical weather observations to
capture observed solar and wind variability at each ,R&#ke account of diversity as an important inpuht®
overall optimisatian

1 Minimum synchronous gerieratonstrain@ where synchronous generation is required to maintain power system
security, constraints have been imposed on the modelling. In turn, these constraints are removed in instances where
new interconnector options would alleviate these poxsezra security concerns.
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1 Levels of DER-owdinationd utilising these resources to meet system needs, rather than operating passively, can
make the overall system more efficient, flexibhed affordable. For this initial ISP, the volume of DER and level
of DER cwrdinationwasan input assumption thaasvaried for each scenario.

Thefirst step of the ISP ddlelwasto find the combination of investmdntseach scenarithat delivers reliable and
secure electricity supply titeleast cost to consureerhis combination refleatput assumptions and the broad set of
investment choices in generation, transmission, and storage identified across regions and zones.

Certain interconnection options and combinations of options were consigent\bspart of the leastcost solution

as each scenario was modellémportantly, some interconnecevelopmentsiere selected by the model under all
scenarios, with immediate effect. These interconnector investment decisions common to all scenaridm&ismed the
for devel oping a nuAbtecandidhte placsantlddeddbath headlmée iatercormection

upgrades between NEM regions and a range of smaller upgrades within regions to relieve constraints and support the
integration of new generain.

For each candidate plan, and each scenario, the future generation mix-exzued in detailed longterm

modelling, assuming that generation and storage investment decisions would be influenced by future grid expansion.
The resultinget presentalue (NP\j of resource costs was used to compare between candidate plans to develop the
recommended pathway.

The final step in the I13fdelwashourly modelling of snapshot years, using detailed transmission constraint sets, and
considering unit commitrthand bidding behaviouilhis step was undertaken teerify whether the candidate plans
met the reliability and system security requirements.

Cost benefit analysis

Thoughtfullevelopment of th&ransmissiometworkhas the potential to deliver cost savings to end consumers by
improving efficiency of the existing generation fleet, deferangeducinghe need for new generatiand storage
investment anceducing the cost of accessing renewable energy resources

Toassess this value in each scenario, the investment and production costs for each candidate plan were compared on
an NPV5 basis against a case with no additioim@krregionaltransmissiomevelopmentdn this counterfactual, no

new interconnector transsion development is required, although additional transmission is still\wikiteeyiors

to connect new renewabjgnerationand/or storage. Without intraiegional transmission investment to connect new

local generation to load centres, the analps@ects there would be insufficient energy accessible to replace the

retiring coal fleet.

Key market benefits considered when comparing the recommended pathway against théamuakénclude:
9 Capital deferral benefits (transmission and generation)
9 Productive efficiency gains through faedl operatingcost savings.

The recommendezhthway represents the most efficient plan that would tranghmelectricity industry to reliable
and securduture, taking into account policy settjrjdowestcost to consumers under the majority of scenarios.

Additional unquantified benefits

The modelling undertaken for the ISP fataseminimising thetal resource costs. Thisvides a conservative
estimate othe potentiabenefitsof the identified netwak investmentn laddition to lowering the total resource cost,
increasing th&ransfercapacity of the networkouldalso provide:

1 Greater operational flexibility to deal with plant outages and weather events. The ISP modelling process only
optimisedoutmes under ©6system normal d conditions.

1 A level of resilience against climate change and extreme events (or sudden shocks, such as unplanned coal closures)
which can impose high costeomsumerand society.

1 More choice and competition.

1 Scalability providing the option to extend or increase capacity over time as the future becomes more certain and
the industry transforms.

9 Lower costs for ancillary services (services the power system needs to operate securely, such as frequency control
services).

It is also important to recognise that thedelling consided resource costs, not prices to consumers. An informed and
efficient competitive market should see the lower resource costs reflected ocotmueneprices.Increased transfer

25 The longierm social discount rate used in the net present valgation wag % (in real terms), the same as recommendeNdwy South Walesr&asury
https://www treasury.nsw.gov.au/sites/default/files/201@3/TPP1703%20NSW%20Government%20Guide %20t0%20CBsnefit%20Analysis%20
%20pdf.pdf.
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capacity of the syyem and a redudbn in congestion, or the risk of congestion, should also increase competition
reduce the cost impact of network outagesl result in more efficient pricing

Consideration has been given to the resilience of the sgstdra checklistfmdditional value from the various
alternatives under consideration has been qualitatively assessed. Further work is requiradchtiefatignd power
system security, markeand regulatory impacts of the ISP, including detailed assessments of fag@®ioa, reverse
flow impacts, revenue sufficienagd future prices tconsumer Some of this future work is further discussed in
Chapter 7

2.7 Detailedscenarialescriptions

The ISRvasdeveloped aroundwo Neutralcases using eentral or mediaoutlook together with analysis on the

impacts of a range of likely futures on investment decisions identified in the plan. This isgigsarttial need to

plan and recommend investment in an industry in transition where there is a level olimtentemty. Thepurpose

is to provide insights and information on how changes in inputs or policy settings would impact on the type, location
and timing of utiliyscalegeneration and storage and therefore on the mosteffisttive development of the

transmissn system. As such, the scenarios have been selecteddbusistess of the plan under a range of factors

that may have a material impact on transmission investment.

The scenario themeere developed around variations in operational grid demand, and-gcale generation

capital cost reductions, to ensure the transmission development is robust under a broad range of conditions. Variations
in economic and population growth, levels of consemeegy engagement, and deployment of new technologies

(such as electriehiclesand battery systemsvill impact the volume of energy that needs to be transported across

the grid and therefore influence the benefits of transmission development anfistisksded assets.

The three scenarios developed around the Neutral outlook are therefore intended to provide a plausible range of
grid consumption and supply outcomes that drive faster and slower transformative change. Following broad industry
consultatin, AEMO modified the original scenarios to broaden this range further. For example, an additional scenario
was included to test the impact of High DER on-gtilie investment needs, and wider variations in fuel costs and
technology cost reductions eiepovered across the scenarios.

The need to consider broad scenarios was a consistent theme of the consultation feedback AEMO received, and is
summari sed in AEMOG6s review of submissions (see Append

The ISP focuses on seven scenarios/sensitivities:
1 Two base cases:
- Neutral and Neutral with storage initiatives.
1 Three additional scenarios:
- Slow changerast changeandHigh DER.
9 Twoadditional sensitivities to explore key opportunities or risks:

- Increased role for gasnd Earlyexit of coatfired generation.
The scenarios are summarisetidble 1below and then described, along with the additional sensitivities.

Note that, on modelled emissions reductidrite the Commonwealth Government has recently clarified that the

target to 2030 would be 266, the original commitment was expressed as a r§2gi28% emissions reduction)

AEMO modelled the higher 28% level basedeanlier consultation with stakeholdér3o undertake the ISP

modelling, assumptions needed to be made on future emission@\lestidies except the Fast Change scenario

projected a similar trajectory from 2030 as that in the first decade of the plan to 2050. This achieves a reduction of

70% over 2016 emissions by 2050. To test the potential impact on transmission invesgfreateraeductions, the

Fast change scenario assumed emission constraints which were consistent with the Low Emissions Technology Roadma
developed with th&€ommonwealth Scientific and Industrial Research Organ{€&8I&tG]. The enduring policy

certainty contemplated by the National Energy Guaraigesessumed tsupport efficient, technologyeutral

investment decisions that achieve targeted emissions levels while maintaining system reliability

26 AEMO,2018 Integrated System Plan Consultation Submise#liable athttps:/www.aemo.com.au/Electricity/NatioralectricityMarket NEM/Planningand-
forecasting/IntegrateeSysterrPlan

27 Electricity Networks Australia. Electricity Networksfaanation Roadmap, available lttps://www.energynetworks.com.au/electrigigtworktransformation
roadmap

© AEMO2018 | Integrated System Plan 25


https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
https://www.energynetworks.com.au/electricity-network-transformation-roadmap
https://www.energynetworks.com.au/electricity-network-transformation-roadmap

Table 1 High level case settings

Case Neutral Neutral with Slow change Fast change High DER
storage initiatives

Demand settings

Economic growth and Neutral Neutral Weak Strong Neutral
population outlook

Rooftop P\t up to Neutral Neutral Neutral Neutral Strong
100 kilowatts kW)

Nonscheduled PVfrom Neutral Neutral Neutral Neutral Strong
100 kW to 30 MW

Demand side participation Neutral Neutral Strong Weak Strong
Electric vehicle uptake Neutral Neutral Weak Strong Neutral
Battery storage installed  Neutral Neutral Neutral Neutral Strong
capacity

Battery storage 45% 45% 90% 10% 90%

aggregation by 2050

Renewable/emissions reduction settinys

Emissions trajectories 28% 2005 - 2030 28% 2005 - 2030 28% 2005 - 2030 52% 2005 - 2030 28% 2005 - 2030

LRET Yes Yes Yes Yes Yes
VRET 25% by 2020 and  Yes Yes Yes Yes Yes
40% by 2025

Queensland Renewables Yes Yes Yes Yes Yes
and QRET 50% by 2030

Energy efficiency Neutral Neutral Weak Strong Neutral
improvement

Supply side settings

Variable renewable Neutral Neutral Slow Neutral Neutral

energy (wind and utility
solar) costeductions

Storage (pumped hydro,  Neutral Neutral Neutral Rapid Slow
battery, and solar thermal)
cost reductions

Gas market settings
Gas demand LNG export  Neutral Neutral Weak Strong Neutral

Gas demand residential/  Neutral Neutral Weak Strong Neutral
commercial/industrial

Gas prices Neutral Neutral Weak Strong Neutral

Development settings

Storage developments Model outcome Snowy 2.0 2025, Model outcome Modeloutcome Model outcome
Battery of the
Nation2033
Interconnector developmer Model outcome Tumut to Bannaby = Model outcome Model outcome Model outcome
settings and additional
Basslink

* ISP modelling has incorporated explicit emissions constraintesenephis emissimduction.
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2.7.1 Neutral case

The Neutral casassumeé a range of central, or mighoint projections of economic growth, future demand growth and
fuel costsThis includes:

fNeutral growth outl ook for consumpti on dfordcastse mand
including uptake of DER

1 Moderate growth in DER aggregation, such that aggregated distributed batteries can be treated and operated
as virtual power plants, rather than operatedtaximise he i ndi vi dual househol dos

9 Generationexpansion affected by central estimates of technology cost reductions

1 Existing markednd policy settings.
These settings combine to form a central estimate of the transition forecast for the NEM.

Table 2 Neutral case setting® summary of assumptions

Setting Rationale

Demandsettings

Economigrowth Neutral Central estimates on broader national and international economic drivers
leading to central estimates for population growth, disposable income,
commercial and industrial expansion

Distributed energyechnology ~ Neutral Moderateddescri bing éneutral d consum
uptake The inputs include:
1 Rooftop PV systermentinue to expanguch that approximately 12% of
underlyingconsumptiois provided by rooftopsystems by 2030.
1 Consumer interest in battery storage systems and electric vehicles is
moderate over the forecast horizon.
1 Battery systems provide up to approximately 10% of operational maxin
demand by 203.
1 Incentives exist to aggregate this storage potential andigeayrid
support use of these systems, such that 45% of battery systems are
coordinated by 2030.
1 Electric vehicle uptake is moderate, with 10% of the vehicle fleet being
electrified by 2030 Vehicle charging is uncoordinated, and primarily occ

overnigh.
Renewable energy emissions
reductionssettings
Trajectories Renewable energy 1 All existing announced policies @meluded as described by various
targets, emission Governments (LRET, VBRETQRET
reduction trajectories The NEMs assumed tachieveat least a proportionate share of the
Commonwe al t h entissioneeductimenmitndest
by 2030, andfor emissions to continue on a similar Ea#050.
Supplysettings
Thermal retirements End oftechnicalife or ~ The modelling approach for the ISP is one of least cost generation expar
economic retirements  to meet consumer needs within the confines of policy, demand and mark
allowed settings. The model will allow economic based retirements where these i
reductions in totaystem costs, accounting for site repatriation costs (an in
setting).
Technology costs CSIRO outlook, AEMC 1 Technology costs have been selected from current, reputable public
internal forecasts. CSI ROGs *Previdearpbrary 2 01 °
reference.

1 Cost trajectories chosen reflect central estimates of any associated ran

* CSIRO, Electricity generation technology cost projectionsZ26QY, December 2017, available at
https://publications.csiro.au/rpr/download?pid=csiro:EP178771&dsid=DS2

2.7.2 Neutral with storage initiatives case

The Neutral with storage initiatives case addpall scenario settings of the Neutral case, with one key addition. This
scenario incorporatethe proposed Snowy 2.0 and Battery of the Nation pumped hydro storage projects, and
associated augmentations of the transmission network for the projects.
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Thesdarge pumped hydro schemes provide deep storages (storages able to support prolonged periods of supplying
energy at capacity. Thecase examines the role of storage in supporting variable renewable energy sources as a
replacement for retirement of cefiled generation. The timing of the projects reflectswitis Snowy 2.0 assumed to

be developed as soon as possible (in 2025), as a relatively early development to compensate for the retirement of
the Liddell Power Station and ahead of projected retiremehtoal plant ilNew South Wales hE Battery of the

Nation project is then assumed to be installed by 2833projected coal plant retirements in Victoria and before

further black coal power stations retire in New South WAIEMO willcontinue to wiix with project proponents on a
design for transmission networks to support these storage initiatives

The transmission networks will require development to support the full capacity of both projects. The Snowy 2.0
project has been modelled with reinforestfrom Snowy 2.0 back to Sydneyhile the Battery of the Nation project
also includes neimnterconnetdnbetween Tasmania and Victoria. Further explanation of transmission development is
outlined irSection6.3.

2.7.3 Slow change scenario

The Slow change scenario consider futurewhere economic growth is welkwvering overall discretionary income

at a household level and reducing business investrhemet effecis lower operational (grid) consumption, a
smoother operational load profile (due to higher level of derfizeskd resources and high DER aggregation), and a
slower power system transformation, relative to the Neutral case. The objectivéestiheéasks and benefits of
candidatetransmissigplansunder a scenario where consumption was lower and smoother, normally considered to
reduce the need fadevelopment of additional transmission (and some resources)

Compared to the Neutral case, this scenasgume:
1 A decline in operational consumption, with weaker economic growth resulting in some industrial closures.
9 Lower levels ahvestientin energy efficiency
1 Greater coordination of DER and mdemandbased resources
9 Slower uptake oélectricvehicles
9 Slower overall cost reductions in renewable generation technologies

9 Weaker domestic and international gas consumption, and lower LNG export volumes.

2.7.4 Fast change scenario

The Fast change scenario considerfuture where economic growth issty,ancreasing overall discretionary income
at a household leveand stronger emission abatement aspirations are economically sustdinalslet effect is

higher operational (grid) consumption, a more peaky operational load profile (doweodemandbased resources
and low DER aggregation), and a faster power system transformation, relative to the Neutfheadgective was

to test therisks and benefits of candidate transmission pladsr a scenario where consumption was higher and
more peakyto check thateliability and security could still be maintained

Compared to the Neutral case, this scenario agssume
9 An increase in operational consumption, with higher population and increased productivity.
9 Higher levels of investmentenergy effiancy
1 Less coordination of DER &eder demandbased resources
1 Greater uptake ofelectric vehicles
9 Faster overall cost reductions in wdlitgle storage technologies.

9 Stonger domestic and international gas consumption, and higher LNG export volumes.

2.7.5 High DER scenario

The High DER scenario considlarfuture where there is a stronger growth in DER iswheredistributedrooftop
PVgeneration, battery storageand demand side responaéthe consumedevelare higher than in theleutralcase

The purpose of thizenariovasto examine how increased DER could imgagtvestment needs for utitityale
generation and storage and transmissand how this would influence the plans presented in the ISP

In this modellinghe DER in the systerasmore tightly managed and integrated into the overall power systam.
greater uptake of distributed storage redutthe overall impetus for development of utiitalestorage systems,
slowing the cost reductions of these technologies relativeNeulral scenario.
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2.7.6 Increased role for gas sensitivity

Thelncreased role for gasensitivity examiea key inputd the price of natural gasn theNeutral cassand most
plausible scenarioghile there is development of GPG ptsjected futureole islimited bythe continuation of
relatively high gas prices assum@dis is a major change from previous planmihgch often showed gas piag an
important part in transition. As a result, AEMO considered wi@Ri@&could have a greater role the spply mixif
gas reduced significantly in prit®m current expectations (around-$8 a gigajoule [5J]) to around $6/GJ

Thissensitivityexplored the potential implications on investment pathuiagignificant quantities gfaswas to be
madeavailable at amucHower price This creates stronger drivers for GPG developmérithalso reduce the
need for development of renewable generation and storage technologies

Additionally, this sensitivitycludedconsideration of the gas market infrasture required to meet the needs of
increased gas consumption, along with providing an assessment of how increased GPG, located at optimal places
within the electricity network, could defer the timing for new interconnection or regional transmissitatiaumgm

2.7.7 Earlyexit of coalfired generation sensitivity

The retirement of codired generation is key driver of investment needs in thiisn. This sensitivity testthe

impactson the identified investment plasfpotentialy catastrophic failurem® plant resulting imnplanned early
retiremerd of coalfired generationmn New South Wales or Victoriaven if the thregear notice of closure rule

change proposal currently before the Australian Energy Market Commission (AEMC) is accepted systqrawer

will remain exposed to these unplanned events. Bringing forward the timing of identified transmission dewslopment
well as strategic storage, should be considered as pat@né-emptive measures bocrease power system resilience
against suchvents. This is an important consideration given the long lead times for transmission development
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3. Projected energy resource
mix

Key observations
1 ISPmodellingprojects aprofound transition of the NEderthe next two decadeswith:

- Theenergy mixtransforming from one dominated byatfired generationto one witrportfolios
comprisingarge amourg of technologically and geographically diverse variatdaewable
generation sources, supportegdincreased transmission and energy storage solutions.

- A need to retain existing coéited generation while planning for orderly replacement on retireme

- Astrong role for energy storagdat can shift renewable energy production and provide capacity
firming?® support during peak load conditions to supploet dispatchability of this future energy mix

- Anincreasing need, with greater renewable energy penetration, for synchronous generation tc
operate with greater flexibility, responding to renewable intermittency. This will affect the oper
of coalfired generationgaspowered generationGPG), hydraelectricand storage technologies,
and may influence network solutiddBG, for example, is expected tproduce less energy overall,
but continue to provide a reliability and security role to complenaeiaiie renewable energy
Renewable energy will erode in the next decade the need for GPG to operate during the day, |
GPG production is forecast to recover to near existing levels in the second decade as coal reti
increase.

- Coalfired generatiornretirements and increasing development of laayed smaklscale renewable
generators expected toontribute to reductions in emissions

- The potential forignificant savingthroughgreater use of DERvhere those resources are well
integrated andcoordinatedn the power systerfror examplegreater use of DER could reduce
reliance on regional utiltgcale renewable energy developments déimelassociatedheed to
strengthen transmission within a region to support this.

9 While increased uptake afonsumedriven DER wouldslow growth in total gridjenerated energy
consumptiothe modelling projects increaswgjuefor strengtheningnterconnection between regions 1
meet an increasingly volatile demand across the &lttMake advantage of diveity of renewables
across regions as well as efficiently sharing resources across.regions

Thischapter outlines the expected evolution of the generation mix to minimise overall system costs and meet the needs
of consumer for each of the modelled sceiva Sectior8.1 summarises key modelling outcomes and drivers that
AEMO observedonsistentlgcross different scenarios representing a range of plausible futures.

3.1 Consistent themes across scenarios

Consistent themes in outcomes can be observestahe range of scenarios modelldtbsaelate tochanges
impacting energy resource projections since the ROM6DP

Based on technology cost projections anavti@e of-system modelling undertaken, the key outcomes across
scenariogire discussed further in secti@ris1 to 3.1.4.

28 Generation firmnessasmeasure of the likely ergy availability of the resource mix at some time in the future
29 DER can refer to distribution level resources which produce electricity or actively manage consumer demand
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3.1.1 Renewable generator connections will progress at record levels in the short term

Record levels of ndyvcommittedenewable generatiodevelopmenin the NEMiemonstrate that the NEM is
already on a pathto wide-scale, fundamental transformatiémound5 GW of new solar and wind generation
projects are in an advanced committedstageto be operational in the next two years, displadihg energy
contribution provided bipoth gas and coafired generatio. Figure 4below shows theurrentlycommitted and
advanced developments by generation type, year of install, and geographic diversity by°2020

Figure 4 Committed and adenced renewable generation capacitycommitted solar and wind capacity to 2020MW,
left), and committed and advanced solar and wind projects by NEM regi#) (ight)
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Beyond committed and advanced developments, in the next decade, renewable energy targets at state level (such as
the Queensland Renewable Energy Target (QRET) and Victorian VRET) influence the magnitude and location of new
renewableenergy and influence ¢htransmission requirements to enable these developments

Figure 5below demonstrates the geographic and technological diversity of the forecast generationoexipahe

Neutral case, showirige change in both distributed and utibtgale resource macross each NEM regibatween

now and 2040 Strong growth opportunities exist across the NEM, with each of Queensland, Victoria, and New South
Wales forecast texpand respective renewable generation capacity by approximatelyz1@ or more each by

2040, attributed to replacement of coefited generation and other growth drivers.

30 Committed and advanced generation projects as at December 2017 release of the AEMO Generation Information update, evailable a
http://www.aemo.com.au/Electricity/NationBlectricittMarket NEM/Planningnd-forecasting/Generatiofinformation
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Figure 5 Projected change in generation resource nfistalled capacity) by NEM region ovehé 20year plan horizon
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3.1.2 Portfolio approach required to replacetiring coalfired generation

The ISP forecasts the NEM evolving from a generation mix dominated-bijlisigtion|low-costthermal coafired
generation, to a generation mix dominateylzero marginal cost variablenewable generatiosupported by
energystorage, transmission, GPG, and .DER

9 Large amounts of gridonnected variable renewable energy soutaesprojected to be developedcross the
NEM® between approximatelyl4 GW and 48 GW by 2040 (depending on the growth in electricity
consumptionyhis diverse development influences the need to develop the transmission system to enable access to
these renewable resources, to increase sharing of renewable energy across the NEMcanttheeneed for
firming technologies.

1 Energy security is projected to be supported by new flexible, dispatchable resaiutiéty scaled between
4 GW and 23 GW by 2040. Utility-scalestorage is forecast to provide the majority of new dispatchable
capacity in most scenarios, although new flexible gas generators could play a greater role in firming the system if
gas pricegnateriallyreduce

During this time, operational consumption (the energy that is to be met by grid delivered genepatijattés to
remain relatively flat under neutral economic conditions, as the continued uptake of DER is projected to dampen
increases associated with population growth and broader economic growth.

The modelling shows thaewating existing coafired gererationup to the end oftstechnicalife should lead to
lower overall system costs, given the relatively high capital cost of new investments relative to the operating costs of
existing plant.

AEMO has used projections of reductions in technolody togtsmodelling (refeé8ection2.7.1). Based orthese
technology cost projections, the leaxtt replacement of energy currently produced by coal is projected met
through an efficient combination of:

1 Renewable energyd a mixture of diversely located renewable generation (largely solar and wind)
including DER.

9 Energy storaged to smooth the production of variable renewable energy and provide backup supply and
peaking (up to storage capacity).

9 Backup supply and peaking GPG tocomplememntenewable energy production

1 Increasedransmission, includingnterconnectiord facilitating the efficient sharing of renewable energy,
storage,and backup and firming services.

The generation mix ikereforeexpected to be technologically diver§éigechnologymix may diversify further in
the future than current projectipifi$orecast technology cost reductions in emerging and maturing technologies
increase more rapidly than current expectations.

Coalfired generators, historically the lowestst generation and operated as base load power supplies, are
projected to increasity be operated at lower utilisation levels, lasver marginal cosenewable generation (from
grid-connected andistributedsources) displagaroduction from existingpatfired generation in NEM dispat¢and
other generation sources such as GPG)

By 2040 under the Neutral scenario, the energy production from retiredioedigeneration is projected to be
replacedwithabout28 GW of large-scale solar generation amtearly 105 GW of wind generatior(in addition to
the 45 GW already installed) complenented by ovefl7 GW of new and existingtorage capacityDue to resource
availability of these generation technologies, this represents a significant increase in installedaaplacity in
Figure 6below) for a similar level of generation output

Typically, thesevariable renewablegeneration technologies require a greater laarl networlfootprint than
conventional codired generation, and tend to be legariable in aggregate if geographically dispersedhi
increases the future value of transmissiunhfacilitatesthe sharing of surplisw-cost resources across regi@msl
maximaesthe value ofgeographic weather divetsi

Thigprojected resource portfoliorovides a lower overall cost to deliver tbieergy and peak capacitpeeded than
developing new replacement thermal generation, and suplpoges reductions in emissiong{ained furthetin
SectiorB.1.4).

31 Technology costs have been selected from current, reputable public foeezhStS | ROS s De c e mb e providetaprimargrefesenoce c t i on s
ReferCSIRO, Electricity generation technology cost projectionsZ@86QY, issued December 2017. Available at:
https://publications.csiro.au/rpr/download®zcsiro:EP178771&dsid=DS2
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Figure 6 Renewable generation development outlook, complemented by utiigale storage technologies (Neutrehse)
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The magnitude and depthof storage required in these outcorméts depend on the mix and location of renewable
technologies and the flexibility that remains of the existing generation fleet

9 While wind generation is typically available overnight and at higher annual energy contributions than solar
generation, solar generation is more predictable during daylight hours.

1 The ability for existing portfoligenerators to operate flexiblg to rampup and down as needegiven the
availability of lowercost renewable energdy will influence the needisr storage to smootshoritermgenerator
intermittencyA lessflexible existingportfolio will requirefaster control obtoragedevices, potentiallincreasing
the value ofa geographically diverse mix of shallow and destprages. A more flexible portfolio, with faster
operating capabilitiesay needesscontrol of storage® provide that flexibility(see Sectioh.2.2 for more on
flexibility).

While utilityscalestorage solutions are expected to become necessary additions to support renewable energy
developments and coéited generation retirementspnsimerdrivendistributedstorage systems are expected to

provide a strong opportunity for demand management, even though the storage itself is relatively shallow. The ISP
analysis assumes only a proportionlistributedbattery penetration is controlled mnanage demand at a grid level,

with the remaining capacity operating to the househol ¢
when paired with a rooftop PV system).

3.1.3 Anincreasing need for therng@neration to be flexible

Thermal, syalnronous generators traditionally have provided baseload generation, operating at alrtthsmme
ramping production to meet daily consumer demand patt&snsoal generation retires, and with the development of
large amounts of variable renewable energy, there is an increasing need for synchronous generation to operate
flexibly to assist in the management of renewable enexgyrsupply and variability

While remainingcoal generation is expected to continue to provide baseload generation, operating between
minimum and maximum load depending on renewable energy and the demand from consumers, the role of GPG is
expected to evolve throughout the forecast. Ritefuturegas pricesare expected toreducethe annual volume
generatedfrom GPG.hstead GPG provides a&omplemeaty role tovariable renewable energy resmes

generatingat times of low wind or solar availabilitio development afiew highutilisdsion GPG such as
combineetyclegas turbines (CCGiBexpected, based on the development and operational costs modatieel;

current gas price assumptions

Storage technologies are forecast to provideemergy shifting service, smoothing out produtitronghout the day
andthrough the eveninglowever, the demand for baseload generation in daylight hours is predicted to decline
significantly.

Figure 7showshe changing average daily output across the horizon of variable renewable energy, storage, and
synchronous generatidiat is, the generationix, by hour, averaged across each day in the yéademonstrates

the need for increasing flexibility of synchous generation, with increased thermal unit c§ic{imgere units shut

down on a regular basi& perhaps seasonally) more likely during periods of high renewable generation and/or low
underlying demand.

2St orage technologies can be referred to as eit herheynsyhphy. IntheM8P AEMO réfdrete p o , refl e
shallow storages as those that have energy storage shidiraditities of two hours or less, whereas deep storages refer to those devices with six hours or more.

33 Cycling refers to regularly operating generators to switch off during times when the generation is not required, agdavichipport higher éal times
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Figure 7 Evolution of the averagaaily contribution bycategory across the NEM
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Figure 8below demonstrates the average generation of wind and usitigfesolar generation, relative to the
available resource. It shows that renewable energy may at times be underutilised,aytiehdone to a number of
factorsincluding

9 Congestion within the transmission network.

9 Economic decisions of generation portfolios to maintain minimum operation levels of synchronous generators, to
avoid the costs associated with cycling.

Greater transnsision development or energy storage solutions may allow even greater capture of renewable
generation. The operating strategies for energy storage devices to maximise energy shiftiegrve greater
capacity to be available to cater for sheterm riskswill influence theverall utilisation of storage.
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Figure 8 Average utilisation of utility-scale renewable generationafind [left] and solar [right], Neutral scenario)
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3.1.4 Emissions reductions

The various scenarios were constrained in modelling to achievessierereductions set out in the input assumptions
(Sectior2.3). In the short term, the relevant emissiongtiehs are delivered@onsistent withe NationaEnergy
Guarantee In the longer term, emissions mr@ucedas new renewable generation replaces energy previously
supplied by retiring codired generation, along with the development of increasingly coordinated DER.

3.2 Projected resource mix by scenario

3.2.1 Neutral casewith and without storagaitiatives

The futurgoortfolio of resourcem the Neutrakcase(with and without storageitiative$ is expected to include a

large share of renewable energy, given the decline of renewable generation costs and the need toaggpilage
coal capacity. Initialljthese technologies apeojected to bedeveloped according to existing commitments, then to
meet state renewable energy targ&sand finally to provide the energy required to replaceir@g thermal plant.
Given aicipated cost reductionstility-scalesolar is expected to provide the majority of renewable energy
developments, with a lessenaunt of wind generation providing resource diversity. This renewable energy is
complemented with storage solutiand GPG

Energy storage is projected to smooth renewable energy production, particularly from daytime to evening peak and
overnight periodsThis energghifting role of storage will be essential for generation technologies like solar that are
concentrated in the daytimBy the 2030s, as codired generation retireghe cost oeven a 1:1 installation of solar

with storage backufor capadty firming isprojectedto be on parwith,or lower thancurrently projected costs for

new entry coal, ignoring any new policy drivers to further limit emissions.

In the next five years, the outlook contains a mix of committed developments and repgpatdeons, particularly
in Queensland and Victoria. Approximately 300 MWast-respondingGPG is also projected to be installed by the
time the coafired Liddell Power Station in New South Wales retires in 2022.

This capacity is forecast to be compéated by additional transmission capacity to share resources between
Queensland and Victoria to New South Wales, which (with some capacity being provided through renewable
resources) is expected to provide for peak load conditions. More work howevenlas h@ ensure that the reliability
standard can be achieved with this mix of generé&iion

34 The Clean Energy Regulatmasconfirmed that there is now enough new renewable energy project capacity under construction or already built to meeREiE 2020
Sourcehttp://www.cleanenergyregulator.gov.au/RET/Abdlt-RenewableEnergyTarget/Large scaleRenewableEnergyTargetmarketdata/large -scale
generationcertificatemarketupdate/large-scalegenerationrcertificatemarketupdate may-2018.

35 The ISP is not a capacity adegy assessment, and is not equivalent to the detailed assessments required to project the achievement or not diythe Reliabili
Standard. Th&lectricity Statement of Opportun{&300) fulfilshis role.
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The modelling considers the value of retirement offitedlgeneration capacity earlier than technical life. The
modelling showed that continued operation of existingfoedl generation was a lower cost outcome, given the sunk
nature of capital cos@ssociated with the existing cdiaéd generation fleet, and thinvestmentosts of replacing

this energywithnew resources.

Figure 9below demonstrates the peaged evolution of the generation mix in the NEM to 2040 in the Neutral case
and Figure 10shows the yeamnyear changes in installed capacity

9 To 20300 delively of committed renewable generators as well as forecast renewable expansion is projected to
meet renewable energy targets, with some GBtGrage and transmissigroviding firming support to replace
the announced closure of Liddell, as wefiragectedretirements of the Vales PoiNefv South Walgsand
Gladstone Queenslangpower stationat end of technical life

1 By 20400 portfolio development ofbout54 GW of new capacitywith an additional9.2 GW of distributed
storage and rooftop PV} projectedto replacel6.4 GW of coal and gasfired generation(including about .24
GW projected economic withdrawal of GRG)

9 The overall capacity of dispatchaldeneratioff is projected taemain broadly constant around40 GW,
although the mix of distchable capacity is expected to shift to include greater amounts of storage

Figure 9 Forecast NEM generation capacity in the Neutake
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36 Dispatchable capacity in this context refers to generation that is not intermittent, and can theoretically be operatedetaangiemand. This includes thermal
plant (coal and gas), hydrelectric, biomass, and storage (including the assumed pirtistributed storage that is aggregated). It excludes variable renewable
generationd solar and wind generation.
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Figure 10 Relative change in installed capacity the Neutral casedemonstrating the shift from coal to renewable energy
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TheNeutral caseonsidezd storage systems with up to six hours of energy storage, at a capacity that is optimally
sized based on the renewable energy develop@dvelopment of deeper storages (such as that offered by pumped
hydro) may be more efficierthdn orsite shallow battery storages, although there will likely exist a role for both
shallow and deep storages.

The large initiativemcluded in the Neutral case with storégfie Snowy 2.0 and Battery of the Nation initiatiGes

provide large storagce apaci ties (MW) and energy storages ( MWh) , wi
worth of energy storageor approximately 350 GWPF, and the Battery of the Nation project up to 24 hours of

storages.

Figure 11demonstrates that, despite the larger size ofdimeitiatives, the overaditoragecapacityin both Neutral

cases is very simildfigure 11also clearly demonstrates the significant difference in the volume of energy that can
be stored within these initiatives, which will increase the capability of pafetimtors andAEMO to managshort

term risks, rathehan just providing a firming and daily energy smoothing service. A more detailed regional
breakdown of energy storage across the NEM in both scenarios is provided in5s52&ion

37 Seehttp://www.snowyhydro.com.au/wgontent/uploads/2017/12/SH1045_SummarySnowy20_web.pdf
38 Seehttps://www.hydro.com.au/docs/defauttouce/cleanenergy/battery-of-the-nation/futurestate nemanalysisfull-report.pdf?sfvrsn=25ce928 . 0
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Figure 11  New energy storage comparison (capacityyW,left] and energy GWh,right]) of the Neutral with storage
initiatives case relative to the Neutral case
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Theoptimal portfolio of resourcesd transmissian the Neutral case with storage is also very sirdiashown in
Figure 12 the earlier development of large, deep storages (Snhowy 2.0 and Battery of the Na#sualts in

9 Greater utilisation of existing cefited capacity (with reduced utilisation of GPG) and deferring some
investments in additional solar generation in the 2020s, and

9 More technological diversity in the renewable energy generation mirg@aased share for wind generation
than the Neutral scenario), with less utility storage capacity in the long term

In both Neutral casesgtloverall increase in installed capacity is projected to resodtarly double the installed
generationcapacityof the current NEly 2040, even though operational consumption remains relatively static
Utility-scale storage capacity is forecast to represent approximately 19% of the total transioissiected capacity
installed. By 2040, the NEM generation mforecast toinclude approximatel$0 GW of utility-scalevariable
renewable generation (solar and wind generation) and storage capacity, a@I2 of distributed storage and
rooftop PV capacity.

Figure 12 Change in generation mix (capacity, MW installed) of theeutral with storage initiatives case relative to the
Neutral case
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Figure 13below shows the projected overall energy generation to meetddBMimeneedsin the Neutral case

The figurencludes DER, demonstrate thportfolio of resource® deliver energy demanded at the power paiot
consumers (ounderlying demand 6é) consuntalerdaads projected taktereets t h a't
throudh DERand also highlights the profound change in generation mix over the plan period, with significant

reduction in codired generation Asexistinggeneration retires, there is an increased reliance on storage

technologies to complement renewable gath@mn.Energy storage charging inefficiefftis projected tancrease

operational consumption after 2030, with greater usage of energy storage devices

Figure 13  Forecast NEM energy generation in the Neutral scenario
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3.2.2 Slow changscenario

The Slow change scenario forecasts the necessary developments with lower economic growth and lower overall grid
consumption. It assumes greater capacity of controllable dispatchable residential storage, with both increased
aggregation of DER available féoad management and a larger future DER resource.

Figure 14below outlines the projected change in the generation mix under the Slow change scendfiguvehil®

shows the difference to the Neutral case. While solar and storage are still projected to play a role in this Slow change
pathway, their penetration is lower andcurs in later years relative to the Neutral case. Overall, aBB80SW less

capacity is forecast to be needed due to the slower growth conditions, howeweri\aggecoal retirements still result

in the need for replacement capacity

¥Energy storage devices require energy to O6charged ¢@gyhseonsumed mpuwnpioggwfiema nd t he ef
lower storage reservoir to an upper storage reservoir than is then available when released from that upper resenalso Thesdase with battery storage
devices. The net energy cost of storage solutions is captured in the modelling.
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Figure 14  Projected generatin mix (capacity, MW installed) by technology, Slow change scenario
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Figure 15 Projected change in generation mix, Slow change scenario relative to Neutral case

Where the change in generation mix is negative, this means that there is less generatiorircfpa&itgwhange scenario compared to the
Neutral scenario. The lesser capacity is due to the change in overall energy consumption ichéneg8lawsulting in a lesser need for
generation.

The impact oAssumed slower economic growth has a large impact on progeetited generationacross the
forecast horizorgs Figure 16showsThe reductiom coal utilisation may increase the risk of seasonal mothballing or
retirement oexistingplant, however the modelling has identified that the portfolio ofgeaération can operate
feasibly and economically until the scheduled retirements. Furtkevaubd be needed to further assess the
continued operations or mothballing potential of generators to avoid lower overall utilisations.
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