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Executive summary

The Electricity Statement of Opportunitie€ESOO) forecastglectricity supplyreliability in the National
Electricity Market (NEM)pver a 1Gyear period to inform decisions by market participants, investorsand
policy-makers.From this year, the ESOO will include aeliability forecastidentifying any potential reliability
gaps in the coming five years, aslefined according to the Retailer Reliability Obligation (RRQ)The final five
yearsof the 10-year ESOO forecasprovide an indicative forecast of any future materiakeliability gaps

The 2019 ESOO forecasta continued elevated risk of eypected unserved energy (USE)ver the next 10

years. Compared to lastyead s E S OO , dndbbasedoa snproved model representation of input

uncertainties, AEMO observegreater risks of load shedding due to uncontrollable, but increasingly likely,

high i mpact (06tail ri ské) event sThedotecaktrealfisms thattangetedd ent unp
actions must be taken nowto provide additional dispatchable capacityto reduce the risks of supply

interruptions during peak summer periods.

Key findi ngs

Summer 2019 -20

1 AEMO forecasts tightly balanced supply and demand inseveralNEM regions for summer 201920, with
all regions other than Victoria expected to meet the current  reliability standard of expected USE
not exceeding 0.002%.

1 In Victoria, if extended into the peak summer period, the unplanned outages of two major power
stations, Loy Yang A2 (500megawatts [MW]) and Mortlake 2 (259 MW) pose a significant risk of
insufficient supply that could lead tomaterial involuntary load shedding.

0 Theseunits have announced a planned return to service in late Decembet019 Based on historic
experience with similar plant failuresand in light of the extended repairs that are required, AEM®@ s
analysisassumesa 30% likelihood that the Loy Yang A unit outagewill extend over the summer
and a 60% probability that the Mortlake unit outage will extendinto the summer months.

0 Theassumedextended outages of either of these units, in combination with a number of other
operating risks,including the continued deterioration of the reliability of aging brown coal units,
result in Victoria having an expected USE of 00026% for the coming summer .

0 Theadditional resource capability required in Victoria is projected to be between 125MW
and 560 MW, to close the gap to the current reliability standard orreduce the likelihood of
exceeding the standard toa @ne-in-10 yeabevent, respectively. Howeverif both power station
outages were extended over the summerand if no additional supply was secured, involuntary
load shedding may be experienced in Victoria during extreme weather events, potentially over
multiple events,equivalent to between 260,000 and 1.3 million households being without power for
four hours.

1The RRO came into effect on 1 July 2019. For more informatioeeshttp://www.coagenergycouncil.gov.au/publications/retailerreliability-obligation-rules.

2 USE is energy that cannot be supplied to consumers, resulting in involuntary load shedding (loss of customer supply), assalteof insufficient levels of

generation capacity, demand response, or ntethenmathdmatica gefiniian bfithe word, thioh meet demand.
describes the weightedaverage USE outcome.
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0 AEMOis working with industry to secure the maximum permissible reserves via the Reliability and
Emergency Reserve Trader (RERT) to ensure Vi
standard this summer. AEMO is being supported to meet its responsilities by the Victorian
Government

Forecasts beyond 2020

1 Beyond 2020, AEMO forecasts only slight improvements 2 in reliability for peak summer periods
until new transmission and dispatchable supply and demand resources become available. AE MO &
2019 ESOO reaffirmthe message in the 2018 ESO@at additional investment will be required in a
portfolio of resources ahead of time to replace retiring capacity.

9 This ESOO analysis include®arly five gigawatts (GW)of committed new generation projects and
upgrades to existing generators expected to become available over the next three years, in addition to
Snowy 2.0 (2040 MW), which has beenassumed to be fully operational by March 2025.

1 Most of the announced new generation projects are variate renewable energy generators, which often
do not generate at full capacity during peak demand times or may be positioned in a congested part of
the network. As a resultwhile providing significantadditional energy during many hours of the year,
these projects are forecastto only make a limited contribution to meeting demand during peak hours

i The announced staggered closure of Torrens Island A Power Statiowill reduce available capacity in
South Australig causing a slow increase iexpected USE to 00004% by 202122. The new proposed
interconnector between South Australia and New South Wales is not modelled in this assessmess it
is not yet a committed project, but would reduce this risk byimproving the sharing of resources across
the NEM.

Impact of Liddell closure 2022 -24

9 AEMO forecasts thatthe level of USE in New South Wales will increase following the gradual
closure of Liddell Power Station, but remain slightly below the current reliability standard,
reaching 0.00174% USE in 2023-24 after Lidd e | fullé&clesure. This analysis presumes no new
investments in generation, transmission, or demand response, beyond what is already committed. It
specifically does not include the benefits of the Queensland to New South Wales Interconnector (QNI)
and the Victoria to New South Wales Interconnector (VNI) projects, because both projects are yet to
receive full regulatory approval. Governments, the Energy Security Board (ESB), and the Australian
Energy Regulator (AER) are working proactively on delivering bBoprojects before the Liddell closure.

9 The impact of theretirement of one unit at Liddell Power Stationin April 2022 leads to an expected USE
of 0.0002% in New South Wales in2022-23. ThisUSEleval o e s not me e trelidbilityeg adpnd:
threshold of 0.002%.AEMO will therefore not request a T-3 reliability instrument under the newly
introduced Retailer Reliability Obligation (RRO) .

1 However, as in Victoria this summer, following theradual closure of Liddell,a combination of high
summer demand and unplanned generator outages will leave New South Wales exposed to
significant supply gaps and involuntary load shedding if no mitigation action is taken .In 2023-24,
AEMO forecastsa riskto between 135000 and 770,000 households in New South Wales being without
power for three hours during an extreme heat eventthat is, a in-10 year peak demand event)

9 The commissioring of Snowy 2.0 (assumedhn this analysisto be fully operational by March 2025)will
improve the reliability outlook, provided additional transmissionnecessary to serve loadtentres in
Sydney and Melbourneis constructed This transmission infrastructure has not yet received regulatory
approval, so itis not included in this analysisWork on these enabling transmission projects is being

% Relative to what the reliability outlook for this summer would have been had Loy Yang A Unit 2 and half of Mortlake Power St not experienced
electricity falures resulting in prolonged outages.
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progressed bytransmission network service providers (TNSPsnd will be further investigated in
A E MO d s-202refrated System PlarilSP)

Required actions

AEMO has identified a number ofprudent and least cost actions thatshould be taken to avoid consumer
exposure to an unreasonable level of risk of involuntary load shedding during peak summer periods.
Some of these actions are currently underway anghould be pursued without unnecessary delayOthers
will require changestorulesandlforad di t i ons t o AAEN seelataimpgiement thege.
recommendations through its continued work with the Commonwealth and State Governments, the ESB,
the Austraian Energy Market Commission (AEMC), and the AER

1. Summer readiness plan & as it does every year, AEMO ialready working proactively with industry
and governments to prepare for the coming summer by implementing a comprehensive summer
readiness plan to mhimise risks as much as possible within the curremtiles framework. This year,
AEMOis also working in depth with generators and industry expertsto gain a better understanding
of forced outage rates of aging generators toimprove future reliability assessmend, in particular in
light of the increasing frequency ofhard to predict but high impact eventssuch as unplanned
outages of dispatchable supply resources

2. Commissioning of ta rgeted transmission augmentation & the supply-demand balance inNew
South Waleswill be significantly improved with the addition of the QNI and the New South Wales
component of the VNI upgradesand, once completed through HumeLink and EnergyConnectas
identified in the 2018 ISPThis ESOO reconfirms the importance of the ark now underway to
complete QNI and VNIahead of the closure of LiddellPower Stdion, involving significant
undertakings by governments, industry, the ESBind the AER. To enhance the resilience of the NEM
against the growth of systemic risks during the energy transitiorffor example, to enable the system
to absorb the impact of deteriorating performance of aging plants), a new mechanismwill be
required forthefastt r acked del i very of ©6no regretsd tra
infrastructure that could deliver importantreliability and resiliencebenefits. The 20120 ISP will
i denti fy ess en tesiliedcepmjacts, amdABMOentll &orkavith@dovernments, industry,
market bodies, and the ESB to develop a procesby the end of 2019to implement them.

3. Dispatchable resources 6 once the above transmissioninfrastructure is in place A E M Oahalysis
projects that new dispatchable supply of approximately215 MW would be required to ensure New
South Walesonly has a onein-10year risk of a significant involuntary load shed event isummer
2023-24, following the full closure of Liddell Power Station Over the coming two months, AEMO will
work with industry and governmentsto identify the attributes and location of dispatchable resources
that will address this ri& and available mechanisms to assure the necessary investment.

4. Reliability standard 6 the current reliability standard is based on theexpectedUSE within a given
financial year not exceeding 0.002%Becauseapplying this standardrequiresthe averaging of annual
USE ovenmall possible outcomes, it effectively averages outhe risk of experiencing the rapidly
growing number of eventswhich can cause severdoad shedding over the summer period While
AEMO has attempted to6 o0 p e r a t theoriska Withirstiee@xisting standardas much as possiblea
modified reliability framework that enables AEMOto ensure customers are not exposed to significant
involuntary load shedding in nine out of 10yearsis necessaryAEMO willaccordingly pursuethe
development of a modified standard over the coming three monthsthat can more cost effectively
and reliably provide the requisite level of dispatchable resources

5. Three-year strategic reserve & in view of the current risk in Victoria, AEMO believes its inability to
procure reserves over a threeyear duration is imposing unnecessaryrisks and costs on Victorian
consumers. AEMO will thereforecontinue look to obtain the necessary and prudent flexibilitythat
maintains reliability atthe lowest cost

6. Wholesale demand response d AEMO is reviewing the recent decision of the AEMC to suppt the
introduction of wholesale demand response in the NEM. As envisioned by the AEMC, AEMO will loo}
for ways to accelerate participation by customers as a mechanism wupport future reliability.
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7. Market reform & the current forecast reliability risks, and the need for markebased investments,
demonstrate the imperative to implement reforms in the NEM covering a number of areas. They
include, for example, shortterm forward markets, firming and security service markets and markets
to support investments at the right time and the right location, including nodal pricing and improved
reliability mechanisms. AEMO wiltontinue to work with the ESB and the other market bodies to help
prioritise and progress marketreforms that will improve how market participants can address
consumer demands for reliable, secureand affordable power.

8. Notice and mechanism of closure & the currentthree-year notice of closure rule for generators
does not fully protect consumers frompotentially significant high price and load shedding risk in the
lead up to, and following, a major generator closure.As generatorsapproach decommissioning the
risk of a major outage or unforeseen early exitlue to economic considerationincreases.
Futhermore, the three-year closure period may not provide sufficient time to implement the most
cost-effective replacement option, leading to higher cost outcomes for consumersAEMO will work
with governments, the ESBand other market bodies to develop aproposal over the coming six
months to refine the current rulesto enhance long-term certainty of generator exitdates, while
ensuring plant reliability in the leadup to the planned closure date

9. Information transparency 8 AEMOis working with industry to increase the frequency and improve
the content of information it publishes, to provide greater transparency and thereby improve
decision-making. Improvements will includequarterly updates on generator commissioning and
commitment in Generation Information Page updates. AEMO will also investigate further generation,
storage, demand side participation (DSR)Rand transmission measures in its upcoming 20190 ISP.

The Retailer Reliability Obligatic

The Retailer Reliability Obligation (RRO) was introduced into the National Electricity Law (NEL) and National
Electricity Rules (NER) with effect from 1 July 2019 when tiational Electricity (South Australia) (Retailer
Reliability Obligation) Amendment At 2019(SA) came into force.

A key component of the RRO is the calculation of a fivgrear reliability forecast for each NEM region,

published in this ESOO. An indicative reliability fore
10year outlook period. If the reliability forecast identifies a material reliability gap, that is, a reliability gap in

excess of the reliability standard, AEMO must submit a reliability instrument request to the AER.

In recognition of the importance of the ESOO foreasts AEMO has consulted extensively, facilitating multiple
stakehol der workshops and reference group meetings to
ESOO. Forecasting approaches have also been i mproved,
forecast performance and market trends. The current reliability forecasts incorporate:

1 New demand forecasts for all regions, taking into account the latest information on economic and
population drivers and trends in consumer behaviour. The forecasts fayperational (from the grid) demand
account for forecast growth in distributed rooftop photovoltaic (PV) generation and storage.

1 Improved understanding of the impact of existing and future energy efficiencyneasures on underlying
demand.

1 Updated data on the supply and DSP available to meet operational demand, including the latest
information on generation in the NEM which is connected to, or is committed to connect to, the grid.

1 New, station-specific information on the performance of existing conventionabjeneration, that better
reflects recent operating experience and yeaon-year variations in performance across the fleet.

1 Updated transmission constraints, in particular to reflect currentoltage stability limits impacting imports to
New South Wales fran Queensland and Victoria.

4 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Generation-information.
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The RRQusesthe current reliability standardas its trigger. The effectiveness of the RRO can be further
improved by adopting an improved reliability standardas proposed in this ESOQbecause the current
reliability standard masksthe level of dispatchable resources reasonably required to reduce the risk of
significant involuntary load shedding events triggered bythe effect of uncontrollable, but increasingly likely,
high impact events such as coincident unplanned outageand high temperatures over peak summer periods

Until a new reliability standard is formally adopted AEMOwill continue to usethe existing standard and
forecasting methodology, which simulates thousands of different possible future supply and demand
outcomes for each year of the reliability forecast to determine the distribution of annual USE. From this
distribution, the expected USE is calculated to compare against the NEM reliability standaithe inputs,
assumptions, and methodologies used in developing theeliability forecasts are published as supplementary
material to this ESOQ.

The ESOQanalysisused to inform the core reliability forecasts consides the ability of only existing and
committed generation and transmission to meet forecast demand. This prages an important input to
AEMOG&6s operational pl anbedawmseg further marketunmestment, abevewhatise s s
already committed, is unlikely to be available in the short termFurther, for RRO purposes, AEMO does not
consider it appropriate to make assumptions around future reliability improvements until it is clear those
improvements will be delivered.

Investment is possible with sufficient lead timeNew transmission developmentswhile not yet committed, are
currently progressing through the regulatory processat an acceleratedpace.In the medium to longer term,
the ESOO highlights opportunities for market investment to meet consumer needs, with and without this new
transmission development, and the risgif further investmentin generation and DSPis not forthcoming.

Demand fsorecast

Underlying and operational consumption forecasts

Figure 1shows forecast underlyig and operational consumption to 2038 39, and the factors that are
expected to moderate operational consumption growth in that period.

Figure 1 Total NEM operational consumption in GWh, actual and forecast, 2006 -07 to 2038-39
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5 Seehttps://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/NEM-Electricty- Statement of - Opportunities.
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Australi ads p asgexpécted to ke the mandrives af snderlying consumption for the
residential sector,and, along with mining activity, to be a key contributor to economic and consumption
growth in the business sector. Howeverexpected hcreases in energy productivity, continuing structural
changein the economy away from energyintensive industries and increases in rodtop PV installationsare
expected to moderate further growth in both annual operationaP consumption and maximum demand within
t he ESg&datlodk0

Compared to the 2018 ESOO, operational consumption for

the 6Neutral 8 scenar@%doperbyr2@8 29) Mis dolriwgrdirevisipn iddoewe r
predominantly to greater expectations for energy efficiency contributions, and observed changes in the
relationship betweengross state product GSH and business consumption, driven by the changing structure
of the economy.

Electrification of transport is stillnot projected to materially increase consumption until approximately
2028-29, when electric vehicle (EV) model choice, charging infrastructure availability, and cost reductions are
projected to result in material increases in EV ownership.

In this ESOO, AFIO hasalso assessed two other scenarias

1 A Step Changescenarioassumes higher economic activity, population growth, and greater electrification
of the transport sector, as well asa step change in consumerled investment in rooftop PV and energy
efficiency measures Thisleads to slightly lower forecastconsumption of 174terawatt hours (TWh) by
2028-29, compared with 179 TWh in the Central scenario

1 A Slow Changescenarioassumeslower economic activity and population growth, reducing the forecast,
although projected PV uptake is also slower. This scenariassumessome closuresin at-risk
energy-intensive sectors leading to significantly lower consumption (168 TWh) than the Central scenario
by 2028-29.

Maximum demand forecasts

In the last three years, load factorshave been decreasing, with record highmaximum demand days still
being observed despite operational consumption growth being in decline.

In Queensland, for example, average monthly maxima in the past 12 months are up 3% cpared to a year
ago, but annual energy is down 0.7%. Discussions with local network companies suggestriver may bean
increase in airconditioner ownership coupled with consumers changing the way they use cooling, with less
tolerance for high temperatures towards the end of summer.

Moreover, while rooftop PV uptake continues to have noticeable impacts on operational consumption, the
forecast impact on operational maximum demand, which now occurs closer to sunset, is reduced.

In 201819 new record maximum operational demand wasrecorded for Queensland summer operational
maximum demand sent out of 9,512MW) and South Australia winter operational maximum demand sent out
of 2,485 MW), with very high summer maximum demand outcomesalso recordedin Victoria and South
Australia. In 2018Victoria saw it highest ever nonworking day demand 6 on Sunday 28 January 2018 at a
time where distribution outages hadmore than 50,000 customerswithout power.

The 201819 summer was Australiads warmest on record,
heatwaves and below-average rainfalf. Despite record temperatures in many regions, all observed
temperatures fell within the ranges epected by AEMO models, due to the included consideration of climate
change in AEMO&6s forecasts.

6 See definitions athttps://www.aemo.com.au’/media/Files/Electricity/NEMPlanning_and_Forecasting/Demand-orecasts/OperationalConsumption-
definition.pdf.

7 Load factors areaverage consumption divided by maximum demand Decreasing load factors indicate that the difference between average consumption
and the peak is getting bgger.

8 See Bureau of Meteorology, Australia in summer 20189, athttp://www.bom.gov.au/climate/current/season/aus/archive/201902.summary.shtml
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Maximum demand over the next five yearss forecast ta

1 Remain relatively flat inNew South Walesand South Australia, and to decline in Victoriaas growth in
underlying residentialand businessload is offset by increasing energy efficiency.

9 Continue growing in Queensland due to growth in the businesssector and large industrial loads.

9 Grow in Tasmania in the initial yearso 2021,driven by large industrid loads, and then to stay flat.

Minimum demand forecasts

Minimum demand forecasts arealsoimportant to understand, becauselow demand may cause system
security risks. In all NEM regions:

1 Minimum operational demand is forecast tocontinue declining over the nextthree to five years due to
forecastgrowth in rooftop PV and other smallscale PVcapacity.In the past year, rooftop PV installations
have grown by 20% in the residential sector and almost 35% ithe business sector.

9 Future growth in PV uptake is projected to be slowerdue to a combination of declining incentivesand
easing of retail electricly prices. As a result, over the longer term, minimum demand forecastsremain
relatively flat.

Given the growing importance of minimum demand, the 2020 ESOO will focus on this issue in more detail.

Supply availability forecasts

AEMO has undertaken a compehensive stakeholder survey to capture commitments to construct utilitgcale
generation and storage in the next 1% vyear s, based on

Approximately 4.9 GW of committed new renewable generation, storage, and thermal capacityupgrades
are expected to be available in the next few yeardn addition to Snowy 2.0 (2GW) which is assumed to be
operational by March 2025

A further 300 MW of projects are under construction and well advanced in satisfying the commitment criteria,
but have not been assumed to be operational until after June 202 regardless of targeted commercial use
date, based on not yet reaching all the commitment criteria.

In some cases where technical information is outstanding or issues are unresolved, AEMO has able to
work with NSPs and proponents to facilitate early generatiomhead of satisfying allcommitment criteria.
AEMO is aware of some risks with planned commissioning and recommissioning, and has undertaken
sensitivity analysis to determine any impacdf delays on summer reserves.

AEMO also continues to improveits assessment okey uncertainties that can impact supply reliabilityso the
market modelling emulates reality as closely as possihle

Through consideration of operationalexperience, inputs from stakeholders, deployment of data integrity
checks, and engagement of consultants, AEMO has scrutinised and updated the following inputs:

1 Generation deratingsd better aligned to recent historical observations under extreme temperattes.

1 Generator forced outage ratesd increased based on generation surveys which indicated an increasing
incidence of forced outages in recent history, reflective of an aging thermal generation fleet.

0 AEMO has also revised its application of generator feed outages so the modelling better represents
the variation in forced outages observed in recent years.

0 Specifically observed outage rates from the most recent four yearfiave beendiscretely sampled for
each power station,except whereparticipants have provided compelling evidenceto use an alternate

9 The commitmert criteria relate to site acquisition, contracts for major components, planning and other approvals, financing, ancbmmissioning date. See
the Background I nformation tab in each regional Bbtpiweve.desnb.mm.au/Eearicit EMOSs Gener &
Planning/Related Information/Generation-Information.

1°This includes scheduled and semscheduled generationd but excludes non-scheduled (<30 MW) installations.
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forced outage rate going forward. Sampling of individual years has proven to give a better modelled
approximation of aggregate availability across the fleet when compared to historical outages.

In 201920, AEMO will continue to assess performance of the aging fleet, including:
1 Benchmarking reliability against international experience

1 Investigating the relationship between reliability and maintenance capital expenditure.

Rel i aluitll iotoyk

Based on theupdated demand and supply forecasts, the 2019 ESOO presents forecast expected USE for all
NEM regions.Figure 2shows the forecast expead USE based orA E M O @&istral €cenarig and focuses on
those regions where significant USE has been forecast.

This reliability outlook assesses the ability of only existing and committed generation to meet forecast
demand, and does not assume any transmission augmentations or newansmission developments unless
the regulatory investment tests for transmission (RFTs) have been successfully completed.

Figure 2 Expected unserved energy, 2019 -20 to 2028-29
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Next year (2019 -20)

The outlook for Victoria this summeris informed by advicefrom asset owners that both one Loy Yang A
unit (500 MW) and one Mortlake unit (259 MW), currently being repaired, will be back in servide
mid-December 2019. Both units are located in Victoria. Loy Yang A Unit 2 was damaged following an
electricity shott internal to the generator on 18 May 2019, while an electrical fault caused half of Mortlake
gas-fired power station to shut down on 8 July 2018

Due to the damage resulting from the failures, and the extensive repairs required, delayed return to sergiof
one or both units is considered likely. @nerators onsuch extended outagesare often delayed in their return
to servicedue to new, unforeseenissues with the plantthat are revealedduring repair and recommissioning
or to delays asparts need to be ordered, sourced and shipped to Australia.

11Seehttps://www.originenergy.com.au/about/investors media/media-centre/statement_on_mortlake power_station.html
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For 201920, the first year of thefivey ear r el i ability forecast, AEMO is 06o0p
expected reliability of supplyin Victoria as best as possible within the current rules byaking into account
estimated probabilities of delayed return to service

Based on operational experienceA E M Omoslelling assuned:
1 A 30% probability that Loy Yang A Unit 2 remains out of service until 1 March 2020.
1 A 60% probability that the Mortlake unit remans out of service until 1 March 2020.

Taking into account these probabilities of delay, the expected USE in Victoria trsesmmer is0.0026% of
annual consumption, which exceeds the reliability standard. AEMO forecasts that approximatelg5MW of
additional firm reserves would be required to meet the reliability standard this summer

However, this level of reserves would be insufficient to adequately manage the potentially very severe
negative outcomes that could occur in Victoria next summebso-c a |l | erdi sbktéaielvent s

1 Assuming the above probabilities for a delayed return to serviceAEMO3 s mo dpeojedtsiam1§%
probability (or roughly one-in-five chance) thatneither unit will be available over the 201920 summer.
In this case, expected USE would rise 10.0047%.

1 Inthe worst case ofneither unit being available andVictoria also exgeriencing aone-in-10 year peak
demand, USE could jump to unprecedented levels 08.0148%. If the equivalent to gpproximately 125MW
of additional firm reserves was available, thexpected USE in this case would reduc® 0.0038%,which
would still be well above the reliability standard.

9 If both generator outages extended over the summer and no additional supply was securedjvoluntary
load shedding may be experienced in Victoria during extreme weather eventgquivalent to between
260,000 and 1.3 milliorhouseholds being without power for four hours.

Other NEM regions are projected to meet the reliability standard with a more comfortable margin this
summer, although some risk of USE exists in South Australia and New South Waleslays to commissioning
the current pipeline of renewable generation projets could further heighten supply scarcity risks across all
NEM regions.

Mitigating risks this summer

Uncertainties relating to demand and supply indicate a range of possible outcomes which AEMO, as system
operator, would need to manage to protect consumes against supply interruptions. Further, uncertainty in
NEM forecasts is inevitable, so all estimates of reserve requirements must be regarded as subject to
progressive refinement.

Given current weather conditions, and continuation of drought in some ares, bushfires may threaten the
power system, limiting interregional transfer capabilities. The electricity demand forecasts for this summer
already assume desalination plants need to run to toup water supplies for Victoria. These factors combined
further increase supply scarcity risks.HE potential impact of the ongoing drought on water available for
hydro generation and as cooling water for thermal generation will be closely monitored and reported in an
updated Energy Adequacy Assessment Projection (ERAlater in the year.

AEMO is continuing to monitor and address risks of supply shortfalls in the lead up to summer 2820 as
part of the NEM summer readiness programSpecifically, AEMO, with support from governments, will again
work closely with industy to ensure that proactive maintenance has been carried out prior to summer, that
resource capacity and availability issues are addressed, and that sufficient fuel is available for generation

AEMO isalsoworking with industry to securethema x i mum per mi ssi bl e reserves via
reliability of supply meets the reliability standard this summer. AEMO is being supported to meet its

responsibilities by the Victorian GovernmentThe RERT response may be sourced from a combinaii of

additional supply capacity, energy storage, and demand response. The Victori@overnment has also

encouraged government organisations and industry partners to participate inthe RERTThis 2019 ESOO
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reliability assessment, combined with REREbst information, will help inform any decision on the volumes of
RERT to acquire

The temporary diesel generation in South Australia is not available to the market, and is therefore not
included in this reliabilityassessmentlt is, however, expected tde available for use as a last resort to avoid
load shedding in South Australia, and may be offered for service in the RERT.

Early actionfrom industry to help support Victorian electricity requirements ha already been taken AGL has
advised? and it isassumed in this ESOQthat:

91 Barker Inlet Power Stationin South Australiawill be commercially available fromthe beginning of
December 2019.

1 The planned mothballing oftwo units of Torrenslsland A Power Sation will be delayed from
November 2019 untilMarch 2020 AGL iscurrently seeking permission fromthe South Australian
Government to continue to operate theseunits over this summer.As this permission has not been granted
at the time of writing this report, the ESOO analysis does not assume dise units are able to be operated

Operation of these two units over summer would improve the reliability outlook for Victoria, reducing
expected USE to 0.00R%, provided there is sufficient interconnector capacity avéble to import supply from
South Australia While this would just meet the reliability standard, largesupply scarcityrisks remainif either
the Mortlake or Loy YangA2 outages are extended, or extreme weather conditions prevalil

Short-term reliability outlook: 2-5 years ahead

This ESOO modelling incorporats the announced retirements of the Torrens Island A Power Station in
South Australia (480MW, between 20 and 2021), Liddell Power Station in New South Wales (450 MW in
April 2022 and 1350 MW in April 2023), and Osborne Powe&ation in South Australia (172 MW in 20224).

For the remainder of the five year reliability forecast period, the 2019 ESOO projects:

1 Following the announced staggered closure of one unit of Liddell Power Stationin 2022-23, New South
Walegforecastexpected USEdoes not meet the RRO thresholdso AEMO willnot be submitting a request
to the AER for a T3 reliability instrument

1 During 2022-23, expected USE i6.0002% in New South Walesand rises to 0.00®%6 in 2023-24, almost
exceeding the current reliability standardThe outlook for New South Waleshowever, contains the risk of
potentially significant load shedding events that are discussed more fully in the next section.

1 The new renewable generation coming online makes dg a small improvement to the reliability outlook.
Victoria, in particular, remains vulnerable to uncontrollable, high impact events such as prolonged or
coincident generator outages, as experienced last summer and again winter 2019

1 South Austrdia sees expected USE increase slightly from 20201 as the two remaining units of Torrens A
are mothballed, followed by a steep increasein USE to 0.00B6in 20232 4 after Osborne
announced decommissioning®

Medium -term opportunities : 6-10 year s ahead
For the remainder of the 10 year ESOO horizon, the indicative reliability forecast shows:

1 Expected USE in New South Wales remaihigh and hovers around the reliability standard. The committed
Snowy 2.0 pumped storage (assumed fully operational bgnd of March 2025) leads to no significant
improvement in reliability, becausetransmission remains a limiting factoiin transferring supply to the
r e gi o ddestred Thisican be helped by the Humeink proposal being progressedby TransGrid in its
current RIFT*

12 Seehttps://www.agl.com.au/about agl/media-centre/asx and-media-releases/2019/august/schedulgor-the-closure-of-agl-plants-in-nsw-and-sa

13 Seehttps://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/Generatiorrinformation.

14 Seehttps://www.transgrid.com.au/what we-do/projects/current - projects/Reinforcing%20the %20NSW%20Southern%20Shared%20Network

© AEMO 2019] 2019 Electricity Statement of Opportunities 1z

Power


https://www.agl.com.au/about-agl/media-centre/asx-and-media-releases/2019/august/schedule-for-the-closure-of-agl-plants-in-nsw-and-sa
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information
https://www.transgrid.com.au/what-we-do/projects/current-projects/Reinforcing%20the%20NSW%20Southern%20Shared%20Network

1 In the final year, 202829, expected USE in New South Wales rises agadriven by forecasts ofincreasing
demand, mainly due to projections of growth in EVuptake starting to become significant fromthat year.

i Forecast expected USE continues to reduce slowly in Victoria as more renewable generation is
commissioned to meet the Victorian Renewable Energy TargéVRET,)although this analysis does not
assume any further deterioration in brown coal generation reliability beyond what has been recently
observed.

1 Driven by growth in forecast demand, Queensland iprojected to start seang some risks of USEalthough
well below the levels forecast for othe mainland regions.

i Tasmania has no forecast USE across the entire modelling horizon.

Other risks

1 Gas supply gapsd the 2019Gas Statement of Opportunitie$GSOQ identified potential gas supply gaps in
southern Australia from 2024 unlessdditional southern reserves and resources, or alternative
infrastructure, are developed. USE on high demand days made exacerbated bythese potential gas
supply shortfalls if no new gas projects are committed, althoughdepending on pipeline deliverabilty, the
Gas Supply Guarantee may lessen the impaon the electricity sector

1 Power station retirementsd the retirement of any full power station on the mainland would require
significant investments several years ahead of the evento ensure the relialility standard is met.
Transparency and certainty about closure dates from aging thermal plant fleet is extremely important to
manage these closures without causing significant risks of USE and ensure ceffective, long-term
solutions can be implementedahead of time.

The case forr enloidabiyliintgy tdhteandar d

Several trends are combining tosignificantly increasethe risk of actual USEexceeding 0.002% in a given year

1 The NEM has experienced significant tightening in its supplgemand balance in recent years following
the retirement of thermal generation.

i The trend of increasing maximum temperatures not only leads to higher demand, but also lowers supply
due to derating of generation and transmission.

1 Peak demand growth is further exacerbated by changing consumer behaviours.

i1 Atthe same time, the growing amount of renewable generation increases the variability in the system.
This increases reliance on the remaining #rmal generation fleet, which consists of aging assets that have
an increased risk of forced outages, as observed in Victoria on 2ahd 25 January2019and again in winter
this year.

The forecast forNew South Wales in 203-24 is an instructive exampleillustrated in Figure 3 (the figure
excludes the cases with ndJSE to allow focus on the tail risk.

AEMO®ds model | i ng NewrSduthtValésén203t2#h:at , f or

1 While &xpecteddUSE i90.00174%yhich is within the current standard, there is a significant risk that actual
USE may be significantly higher than 0.002%n fact, analysis indicates 21% probability that USE will
exceed 0.002% in 202324,

1 Depending on the coincidence of unplanned outages and extreme weather events, load shedding could
be experienced during an extreme onein-10year heat event, equivalent to ketween 13,000 and 770,000
households in New South Wales being without power for three hours, potentially ovemultiple events.

The reliability standard is fundamental to AEMO®O6s repc
reserve (RERT) powers.
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Figure 3 Distribution of annual uns erved energy in New South Wales , 2023-24
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Because of the way the standard itself is framé€ it does not capture the potential full impact of these

uncertainties and associated risks. Uncontrollable,butncr easi ngly | i kel y, ,éuchgh i mpa
as coincident unplanned outagesare maskedin the current reliability standard which requires USE to be

averagedacross the full range of possible outcomes for ajiven financial year

In its March 2018Final Determinationo n A E ki@ @hange Proposalfor an Enhanced Reliability and

ReserveTrader submissionthe AEMCagr eed with AEMO that the o6tail ri sk®o
to consumers and recommended that AEMO é@perationalisedthe reliability standard to account for changes

to the power system.

I n the prepar at i gAEMOdoughttoi@peratioaatisedthe religbditpstandard to address the
tail risk exposure to involuntary load shedding. For a number of reasonslescribed below, the NER does not
provide AEMO with sufficient ability to fully address the tail risk

i First, AEMOconsideredwhether it can change the probability weights for extreme events or the period it
considers for the calculation of USE.

0 The reliability standard is clearly defined in clause 3.9.3C(a) ofthe NERGa® maxi mum expected
unserved energy (USE) in a region of 0.002% of the total energlemanded in that region for a given
f i nanc iAEMO carmat change or deviate from this standard simply by changing its forecasting
guidelines.

0 AEMO calculagsthe expectedvalue of possible USE outcomesn accordance with thiswell-defined
mathematical concept®. To calculate an expected value, the probability weights for potential outcomes
have to be chosen such that they are representative of the likelihood of each particular outcome
occurring. AEMO has to use reasonable and defendable weightingsr potential negative outcomes
(for example, possible delays in the return to service of generatons and therefore has limited
discretion in selecting probability weights.

“The reliability standard is defined in clause 3.9.3C(aonof0.002%dfthettNdER as the oOa
energydemanded in that region for a given financial year. o
See the Rel i abi | tandgrd adchSetingdRevieR 8018 aah52Inidt y h® Rel i abil ity Panel 8s Reliability St

Review 2014 at p.23https://www.aemc.gov.au/sites/default/files/201804/Reliability%20Panel%20Final%20Report.pdf
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0 Furthermore, the standard requires AEMO ta@alculate USEutcomes over a whole yar, rather than
just the critical summer period.

1 Second,AEMO consideredprogressvely adjusting its probability weightings for high impact eventsover
time as new information becomes available. AEMO could there-calculate USE and utilise the
mechanisms & its disposal to manage such events.

0 While the certainty of a high impact event occurring may increase over time (but doesiot necessarily,
by the time the certainty is sufficient to act with the current tools, the time to respond may have
passed. Br example, AEMO might have a very high degree of certainty in early December this year
that a generator outage in Victoria will extend over the simmer. However, this knowledge would be of
very limited practical valug becausethere would be insufficient time to physically procure, instajland
connect the necessary emergency reserves.

1 Third, AEMO considered usinga non-normal distribution of demand outcomes, which would allow it to
increase the weighting ofone-in-10 year peak demand events in its USE assessment.

0 AEMO is currently assuming a normal distribution of demand outcomes, which is a wedistablished
concept in mathematical statistics thatrepresents the actual demand distribution well. Based on data
from a research project AEMO is currently conducting with the Bureau of Meteorology (BoM), AEMO
has estimated actual distributions of peak demand and compared them with its current approach. The
resulting difference in USE outcomes was less than 10&nd therefore does not make a material
difference to its assessment.

0 By the time there may be greater certainty that a particular region is likely to experience ane-in-10
year peak demand, there \ill again be insufficient time to meaningfully prepare for this outcome.

For these reasons, AEMO is unable t@perationalisedthe standardin a way thatmitigates the potentially
severe USE outcomes under the current rule§iven the increasing amount oftail risk, with its potentially
severe economic and sociakffects, AEMOwill pursue a submission torefine the reliability standardto ensure:

6there are sufficient dispatchable reserves ( MW)
0.002% of total energy demanded in 9 out of 10 years. 0

This approach draws on much of the same analysis #&EMO currently uses to calculate the expected LBE
under the current reliability standard. The key difference is that it focuses on thigkelihood of USE being less
than 0.002%of total energy demanded, instead of the expectedUSE being less than 0.002%f total energy
demanded. AEMO will work with theCommonwealth and State Governmentsthe ESB, and théAEMC to
explore the implementation of this refined standard operationally.

When improving reliability in this way, great care needs to be taken to minimise the associated cost to
consumers and to allocate this cost in an equitable fashion. Additional reserves could come from demand
response, energy storage, improved interconnectiondispatchable generation or other resources The actual
cost of the additional reserves requiredwvould depend on the way it would be implemented.

With a well-designed, predictable market mechanism that captures the full range of lowcost or value-adding
opportunities for response (for example, demand response, virtual power plants, batteriesand strategic
interconnectors), AEMO believes longterm costs could belower than the Value of Customer Reliability
(VCRY’. Focusing the mechanism on demand response wouldalso maximise consumer choiced consumers
who prefer lower prices over higher reliability can achievehis by providing demand response servicesand
consumers who expect a higher level of reliability can enjoy the full benefits of the higher standard.

7The VCR represents a customer's willingness to pay for the reliable supply of electrici§or information, seehttps:/www.aemo.com.au/ElectricityNational-
Electricity Market-NEM/Planning and-forecasting/Value- of - CustomerReliability review.

© AEMO 2019] 2019 Electricity Statement of Opportaities 1t

avali


https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Value-of-Customer-Reliability-review
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Value-of-Customer-Reliability-review

Forecast reliability gaps

For regions where forecast reliability gaps are close to, or exceed, the currerdliability standard, Table 1
provides the megawatts projected to be required to achieveboth the current reliability standardand the

refined standard proposed above. Note that this table does not include the generation and transmission
projects discussed below.

Table 1 Reliability gap (in MW) based on reliability standard and refined standard

Gap to mee t existing reliability standard Gap to meet proposed  refined standard
New South Wales South Australia New South Wales
0 0 560 0 0

2019-20 125

2020-21 0 0 0 35 0 0

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 135 375
0 0 0 0 150 375
0 0 0 0 05! 300
0 0 0 0 100 345
0 0 0 0 70 300
0 0 ® 0 105 480
Pi peline of projects to help meet

The significant pipeline of projects across all NEM region8 including generation, storage, DSF and
transmissionprojects 6 can address the risks of USE

Generation and storage

There is a substantial pipeline ofjeneration and storage projects, from publidy announced to advanced
stages of planning. If enough of these are committed and commissioned in time, it will help mitigate risks of
USE exceeding the reliability standard and the impacts of tail risks.

Figure 4shows the pipeline of projects by region beyond already committed projects.

The impact of these added resources a reliability outcomes depends on the type. Dispatchable'® generation
types, such as storager thermal generation, have the biggest impact. For variable renewablegeneration
resources, asmalleramount of installed capacity can be counted onto be dispatchable when most needed.

18The dispatchability of anenergye sour ce can be considered as the extent to which its output c:
controll able the resources ar e, how much they can be r elPowerdSysgmpTechnicaland how f I
Requirements March 2018, athttp://www.aemo.com.au/Electricity/Nationat Electricity Market- NEM/Security and-reliability.
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Figure 4 Proposed projects by NEM region, beyond those already committed
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For DERDSR and virtual power plants AEMO is

91 Developing an integrated DERstrategy considering operational processes, standards, market frameworks,
data visibility, and network incentives to more effectively manage market conditions.

1 Working in partnership with Energy Networks Australian the Open Energy Networks projectto
recommend a regulatory framework which will enable DER to be aggregated, incentivised, and optimised
in the distribution network to allow greater uptake of consumerowned battery and solar systems.

By 2029, based on the levels of behinghe-meter battery installations and default levels of aggregation
assumed in this ESOO analysis, market mechanisms to facilitate greater levels of DER coordination could
provide up to 580 MW of additional supply at times of high demand across regions. fie AEMCis also
working on finalising a rule change intenad to promote additional DSP in the wholesale marké®.
Transmission

AEMO has proposeda number of transmission augmentations and new development# its 2018 ISP and
recent ISP Insights Papétto address bottlenecks wihin NEM regions or the flowpaths between them.

In this ESOQAEMO has assessed the impacts on expected USE from the following 2018 ISP Group 1 projects:
1 VNI minor upgrade 8 modelled as fully operational in September 2022.
1 QNI minor upgrade d modelled asfully operational in September 2022.

Commissioning some of these projects by these dates, ahead of the Liddell Power Station closure, is
projected to reduce risk ofexceedance of the reliability standardn New South Wales

Without the transmission augmentations, 379VW of additional reservesis projected to be required in New
South Walesto reduce the risk of a major load shedding event to a onein-10 year event

Once the QNI and New South Wales components of VNI are fully committed tbe delivered by the target
date, this figure would reduce to 215MW, and expected USE in the region is projected to reduce from
0.0017% to 0.002%, as shown inFigure 5

19 Seehttps://www.aemc.gov.au/rule changes/wholesaledemand-response mechanism

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

2! Seehttps://www.aemo.com.au//media/Files/Electricity/NEM/Planning_and_Fercasting/ISP/2019/ISAnsights--- Building- power-system resilience with-
pumped-hydro-energy-storage.pdf.
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Figure 5 Impact on USE from delivering ISP Group 1 projects
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To ensure these projects are fully tested and commissioned by the time they are needed, thaye being
targeted for completion by September 202L This timeline will allow for the network capacity to be released
and outages to be planned,with a buffer for unexpected delays in construction or approval.

TNSPs requireghe regulatory processesto be completed before they commit to these projects. TNSPs, and
the relevant authorities, aretherefore progressing these projects as a matter of priority.
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1. Introduction

1.1 Purpose and scope

The Electricity Statement of Opportunitie€ESOO) forecasteglectricity supplyreliability in the National
Electricity Market (NEMpver a 10year period to inform decisions by market participants, investorsand
policy-makers Itincludesinformation on:

i Existing, ommitted, and proposed electricity supplyand network capabilities
1 Planned generating plant retirements
1 Operational consumption and maximum demand forecasts

i Potential unserved energy (USE) in excess of the reliability standaiftat has been identifiedover a 10year
outlook period under a range of demand and supply scenarios.

For the purposes of the National Electricity Rule{NER) tause 3.13.3A(a), the following information should be
considered part of the 2019 ESOO:

1 The 2019 ESOO report and supplementary information published on the 2019 ESOO webp#ge
1 The 8 August 2019 Generation Information page updaté®.

1 The 2019nputs and Assumptions workbook?.

From this year andonwards, the ESOO will include

i Reliability forecasts identifying any potential reliability gapsfor each of this financial year and the
following four years, asdefined according to the Retailer Reliability Obligation (RR®).

1 Anindicative reliability forecast of any potential reliability gapsfor each of the final five yearsof the
10 year ESOGsupply adequacyforecast

Reliability forecast under the Retailer Reliability Obligation (RRO)

In the 2019 ESOQ, the reliability forecastnd indicative reliability forecass published in accordance with
the RRO onstitute Chapter 6 in this report.

Operational consumption and maximum demand forecasts are provided over a 2§ear period from 200-20
to 2038-39, becausethese forecasts are used by stakeholders for a rangef purposes, including longerterm
planning studies.

22 At https://[www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/NEM- Electricity Statement of-Opportunities.

23 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Generationrinformation.

24 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Inputs- Assumptions and-Methodologies.

2 The RRO came into effect on 1 July 2019 through changes to the National Electricity Lthe, National Electricity Rules, and South Australian regulations.
For more information, se http://www.coagenergycouncil.gov.au/publications/retailerreliability- obligation-rules.
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1.2 Key definitions

Reliability forecast components

Unserved energy (USE)is the amount of energy that cannot be supplied to consumers, resulting in
involuntary load shedding (loss of customer supply)This may be caused by factors suchs insufficient levels
of generation capacity, demandresponseg or network capability to mee demand.

Thereliability standard in the NER specifies that expected USt should not exceed 0.002% of total energy
consumption in any region in any financial year.

Reliability forecast under the Retailer Reliability Obligation (RRO)

For the RRO, components of any reliability forecast or indicative reliability forecast must include the USE,
and whether or not there is aforecast reliability gap . Such a gap exists for a NEM region, and is
considered material, if the forecast expected US exceeds the reliability standardf there is a forecast
reliability gap, the reliability forecast must also include:

1 The forecast reliability gap period (start and end date), and trading intervals in which forecast USE is
likely to occur.

1 The expected LSE for that forecast reliability gap period.
I Thesize of the forecast reliability gap (expressed inmegawatts).

AEMOG&6s cal cul ation of t he representsthefadditioma quanttyot c a st
dispatchable’” capacity or equivalent thatAEMO forecastswill be needed in the region within the forecast
reliability gap period to maintain reliability within the reliability standard.

The RRO also introducesiumerous other conceptsrelated to the reliability forecass published in this
2019 ESOOQTheseinclude:

91 T-3 cut-off date 6 three years before the start of any forecast reliability gap.

1 T-3reliability instrument & if a reliability forecast identifies a reliability gap in a regiorup to six
months ahead of the T-3 cut-off date, AEMO must make a request to theAustralian Energy Regulator
(AER, no later than three months prior to the T-3 cut-off date, for a T-3 reliability instrument to be
issued In relation to the 2019ESOCOreliability forecast, thiscould relate to a forecast reliability gap in
the financial year 202223.

T-1 cut-off date 0 one year before the start of any forecast reliability gap.

91 T-1 reliability instrument 0 if a T-3 reliability instrument exists fora period and a reliability forecast in
the second financial year following that instrumentidentifies that the forecastreliability gap remains,
AEMO mustmake a request to the AER for aT-1reliability instrument to be issued.This request must
be made no later than three months prior tothe T-1 cutoff date.

If the AER chooses to make both 13 and T-1reliability instruments in response to those AEMO requests
a number of compliance obligations for liable entities under the RR@nay be triggered.

26 The USE that contributes to the reliability standard excludes power system security incidents resulting from multiple or noredible generation and
transmission events, network outages not associated with interegional flows, or industrial action(NER 3.9.8(b)(2)).6 E x p eir thieESOOrefers to the
mathematical definition of the word, which describes the weightedaverage USE outcome.

27 The dispatchabilityof an energy resource can be considered as the extentto whichisut put can be reli éd andtonéwbopbowtastk
controllable the resourcesare, how much they can be relied upon, and how flexible they atscor mor e i nf or m&dawer®ystem SeehaicalA EMOG s
RequirementsMarch 2018, atttp://www.aemo.com.au/Electricity/Nationat Electricity Market- NEM/Security and-reliability.
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Under the South Australianapplication legislatior?®, the Minister will also have powers to make a-B
reliability instrument for that region (in the transitional period, this may beonly 15 months in advancg

Demand forecasts

Consumption and demandcan be measuredat different places in the network. Theforecasts in this report
refer to operational consumption/demand (sent out) 2 unless otherwise stated This is the consumption to
be supplied to the grid by scheduled, semischeduled, and significant norascheduled generators (excluding
their auxiliary loads, or electricity used by the generatorDemand definitions are shownin Figure 6

Figure 6 Demand definitions used in this report

Scheduled* & Significant Photo voltaic Other
Semi-Scheduled Non-Scheduled Non-Scheduled Non-Scheduled
Generation Generation ** Generation (PVNSG) Generation (ONSG)

Operational ‘As Generated” [ e e e

Operational ‘Sent Out’ el ettt - i e e e e e e e e e e

Network
Losses

Delivered demand =~ == == =

Transmission and Distribution Network ’

‘Operational”
——————————————————————————— Consumption/demand
\ ‘Operational’ is met
Business Scheduled by these generators
Customers Loads

Excluded from
‘Operational’

Residential
Customers

Underlying demand

Rooftop PV and non-VPP battery storage
(netted of underlying demand to give
delivered demand)

* Including VPP from aggregated behindthe-meter battery storage
** For definition, seehttps://www.aemo.com.au//media/Files/Electricity/NEM/Security_and Reliability/Dispatch/Policy_and_Process/
Demand-terms-in-EMMS Data- Model.pd .

Consumption forecasts for each sector (residential and business) adelivered consumption , meaning the
electricity delivered from the grid to household and business consumers. Annual operational consumption
forecasts include this forecast delivered consuption for all consumer sectors,plus electricity expected to be
lost in transmission and distribution.

Underlying demand means all the electricity used by consumers, which can be sourced from the grid but

also, increasingly, from other sources includinggn s umer sd rooftop photovoltaic (P

Maximum and minimum demand means the highest and lowest level of electricity drawn from the grid at
any one time in a year. These forecasts are presentestnt out (the electricity measured atgenera o r s 0
terminals)and as generated (including auxiliary load9. Maximum and minimum demand forecasts can be
presented with:

1 A 50% probability of exceedance (POE), meaning they are expected statistically to be met or exceeded
one year in two, and are based a average weather conditions or

1 A 10% POHKfor maximum demand) or90% POE(for minimum demand), based on more extreme
conditions that could be expected one year in 1¢and also calledone-in-10)

28 See:National ElectricityLaw (South Australia) 1996(SA) Part 7A.

29 Seehttps://www.aemo.com.auk/media/Files/Electricity/NEM/Planning_and_dtecasting/Demand Forecasts/OperationalConsumption-definition.pdf.
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NEM time 0 the NEM is operated on Australian Eastern Starald Time, which does not include daylight
savings. Time is reported on that basisinless otherwise noted

1.3 Forecasting reliability

The NEMreliability standard is set to ensure that sufficient supply resources exist to meet 99.998% of annual
demand for electricity in each region. The standard allows for a maximum expectation of 0.002% of energy
demand to be unmet in a given region per financial year.

The USE tht contributes to the reliability standard excludes power system security incidents resulting from
multiple or non-credible generation and transmission events, network outages not associated with
inter-regional flows, or industrial action.

Overall approach to calculating USE
To forecast reliability of supply for the NEM in the 204 ESOQ AEMO has

1 Developednew demand forecasts for all regions, taking into accounthe latest information on economic
and population drivers and trends in behaviourby household and business consumersThe forecasts for
operational or delivered consumptioninclude forecasts foradvances in energy efficiencfEE)and growth
in distributed solar generation andbattery storage systems

1 Updated the supply available to meet this demand to include the latest information on generation in the
NEM or which is committed to connect to the grid.

1 Reviewed he performance of existing conventional gemration based on historical performance dataand
refined the modelling of its reliability to better reflect recent operating experienceand future
uncertainties Some allowance has also been made to reflect the performance of the major
interconnectors, reflecting their importance in delivering reliable supply to customers.

1 Modelled using a statisticalsimulation approach®, which assesses the lility of existing and committed®!
generation to meet forecast demand in all hours. The modetalculates an averagdJSE over a number of
demand and renewable generationoutcomes (based onnine historical reference years of weather) and
random generator outages weighted by likelihood of occurrence,to determine the probability of any
supply shortfalls. These shortfalleave been expressed in terms of the forecast USE

Pain sharing is not included in the ESOO modelling. Instead, the annual USE reported in a region reflects the
source of any supply shortfalland is intended to provide participants with the most appropriate locational
signals to drive efficient market responses.

USEand investment needs

The expected USEcalculated through the statistical model is compared against the maximum threshold
specified by the NEM reliability standard.If the threshold is exceeded AEMO calculates the reliability gap size
indicating the need (in megawatts) for dispatchable generation or equivalent required to reduce USE so the
standard will be met

Furtherinvestment is possible with sufficient lead time, provided a conducive investment landscape exists. In
the medium to longer term, the ESOO highlights the opportunites for market investment to meet customer
needs and the risks if investment is not forthcoming.

From 2019, he ESOO alsaerves tohighlight any T-3 reliability gaps that could trigger AEMO to submit a
reliability instrument request to the AER under the RR®, This process is designedo incentivise and facilitate

30 See ESOO Methodology Report, afittps://www.aemo.com.au/Electricity/NationalElectricity Market-NEM/Planning and-forecasting/NEM-Electricity
Statement of-Opportunities.

SCommi t ment criteria are |listed and explained under t hesGBremtiomgnfonatodwebnf or mati o
page, athttps://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning and-forecasting/Generationinformation.

32 A T-1 reliability gap cannot be called this year, because an existing3request must have been declared for that particular region first.
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adequate investment in supply and demandside participation (DSP)rom dispatchable resources (including
DSB to close the gap within the next three years.

A range of trendsis combining to create a significantly increased risk of actual USE exceeding 0.002% in any
given yeatr.

1 The NEM has experienced significant tightening in its supplgemand balance in recent years following
the retirement of thermal generation.

1 Atthe same time, the large amount of renewable uptake increases the variability in the system. This
increases reknce on the remaining thermal generation fleet with aging assets that have an increased risk
of forced outages, as observed in Victoria in January 2019 and again in wint2019

1 Changing consumer behavioursaround cooling preferences, combined with increasmg maximum
temperaturesin summer, put upward pressure on demand on very hot days

1 Increasing maximum temperaturesnay also lead to reduced supply, due to derating of generation
and transmission.

Comparedtolastyeab s E S OO, Hased an anareved model representation of these input
uncertainties, AEMO observegreater risks of load shedding due to uncontrollable, but increasingly likely,
high i mpact (6tail ri ské) events such as coincident ur

Thisheightened level of riskis not captured by the existing reliability standard whichfocuses on average
forecastUSE only As a result, in this ESOQAEMO suggests aefinement to the reliability standard to reduce
the risk of significant USEaused by high impactevents.This approach would equire changes to the Rules
and/or Guidelines.

Within an operational timeframe, AEMO willcontinue to endeavour to manage the market to avoid USE with

the resources available. This may include contracting additional supply or demand response under

long-notice Reliability and Reserve Trader (RERT) arrangements, if a supply shortfall is projected in the

coming summer. The ESOO analysis is thereforbecasseem i mpor
further market investmentd above what is alreadycommitted 0 is unlikely to be available in the short term.

1.4 Scenari os

Thereliability forecass presented in the ESOGare impacted by two key factors in the 160year outlook:
1 Demand and distributed energy resource (DERrends and forecasts,as outlined in chapters 2 and 3.

1 Supply forecasts, including generationtransmission, and storage developments, and availabilityf these,
asoutlined in Chapter4.

The 2019 ESOO f oCeniral scenarimand gxdvitie®rélisbility outcomes for two alternative
futures®, as outlined inTable 2

These three scenarios are a subset of the five developead consultation with industry and consumer groups
for usein A E M®Z1920 forecasting and planning publications, including thelntegrated System PlaifiSP)

For each ofthe alternative scenariost h e NE M3 ssumply refiedtsatiy tree existing and committed
generation (as discused in Chapter4). The reliability forecaststherefore identify whether there is sufficient
available and committed capacityto meet the reliability standard under each scenario

B¥More information is available in AEM®isan@Asdudptiéhs report ahstis:i/agrgo.cammad/ElRlricityi ni ng Scenar
National-Electricity Market- NEM/Planning and-forecasting/Inputs- Assumptions and-Methodologies.
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AEMO has also undertaken an additional sensitivity study, exploring the projected reliability impacts of two of
the 2018 ISP group 1 projects being implemented : a Queensland to New South Walednterconnector (QNI)
upgrade®4, and a Vidoria to New South WalesInterconnector (VNI) upgrade®.

Table 2 Scenario drivers of most relevance to the  NEM demand forecasts used in this ESOO

Slow Change scenario Step Change scenario

Demand drivers

Economic growth and Moderate High
population outlook

Energy efficiency Moderate High
improvements

Low Moderate High
Representative RCP 8.5 RCP 7.0 RCP 1.9/2.6
Concentration Pathway (>4.5°C) (3.064.5Q) (14061.80)

(RCP) (average
temperature rise by 2100) *

DERuptake

Rooftop PV 6 up to 100 kW 0 N Moderate High
and n on-scheduled PV &
from 100 kW to 30 MW

Battery storage installed Low Moderate High
capacity

Battery storage Existing trials do not Moderate role for energy Existing trials demonstrate a
aggregation /virtual power successfully demonstrate a storage aggregators and VPPs. business case for VPP
JENIRWEDR I OTENENOAN strong business case for VPP aggregation. High role for
2050 aggregation. Low role for energy storage aggregators
energy storage aggregators and VPPs, faster than all other
and VPPs. scenarios.

Electric vehicle (EV) uptake
EV uptake Low Moderate High

EV charging times Delayed adoption of Moderate adoption of Faster adoption of
infrastructure and tariffsto infrastructure and tariffsto infrastructure and tariffsto
enable Obetter enable O6better enable O6better
options. options. options.

* For more information on Representative Concentration Pathways (2.6, 4.5, 6.0, 8.5) sé&es://www.climatechangeinaustralia.gov.au/
en/publications-library/technicalreport/. Additional RCPs (1.9, 3.4, 7.0) are emerging through work by the Intergovernmental Panel on
Climate Change (IPCC) sixth assessment due to be published in 2620 and are developed on a comparable basis.

The selected scenario narraties are:

1 The Central scenario reflectsthe current transition of the energy industry under current policy
settings and technology trajectories where the transition from fossil fuels to renewable generation is
generally ledby market forcesand supported by current Commonwealth and StateGovernmentpolicies.
This scenario assumes a range of best estimate projections of economic growth, population growtand

34 Interconnector upgrade currently being progressed by Powerlink and Transgrid. Ségtps://www.powerlink.com.au/expandingnsw-gld-transmission
transfer-capacity.

35 Interconnector upgrade currently being progressed by Transgrid and AEMO. Séwtps://www.aemo.com.au/Electricity/Nationai Electricity Market-
NEM/Planning and-forecasting/Victorian-transmission network-service provider-role/Victoria-to- New- South-Wales Interconnector- Upgrade- Regulatory
Investment Testfor-Transmission
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electric vehicle (EV) uptake. Existing market settings, tariffs apdlicies drive energy efficiency activities

and DER uptake. Existing trials lead moderate growth in aggregated virtual power plants (VPPs) to offset

the need for additional supply, while household batt
benefit.

1 The Slow Change scenario reflects ageneral slow-down of the energy transition . It is driven byslower
advancementsin technology and reductions in technology costslow population growth, and low political,
commercial and consumer motivation to m&e the upfront investments required for significant emissions
reduction. The slower population growth outlook lowers broader economic growth and limits household
disposable income growth. Weak economic conditions lead to higher risk of industrial demand a$ures,
while business and residential loads seek to lower consumption to manage bill exposure. With less
disposable income and fewer policy settings to support DER, investment in rooftop PV, batteries, and EVs
is reduced relative to the Central scenaricAustralia does not actively promote local EV deployment.

1 The Step Change scenario reflectsstrong action on climate change that leads to a step change
reduction of greenhouse gas emissionslin this scenario, aggressive global decarbonisation leads to faster
technological improvements , accelerated exit of existing generatorsgreater electrification of the
transport sector with increased infrastructure developments, energy digitalisatigmnd consumer-led
innovation . Higher economic and population growth and greater innovation in digital trends leads to
stronger investment inEE DERand EVs. Existing VPP trials demonstrate a strong role for VPPs, reducing
the need for large-scale supply, wiile tariff reform enables greater adoption of smarter charging
behaviours by customers withbatteries and EVs to offset household demand.

15 | mprovements for 2019 ESOO

The NEM is facing increasingincertainty, driven by an aging generation fleet, forecast rapl uptake of new
technologies (such as rooftop PV and battery storage)jndustry restructuring and consumer engagement
enabled by new offerings and tariff signals. AEMO has made a number of improvements to its 2019 ESOO, to
ensure it captures these change adequately.

The accuracy ofisasdeddeadeast anmuallg tarsughsthe Forecasyy Accuracy Repors®,
which assess the accuracy of consumption, maximum demand, minimum demand, and key input forecasts.
With the 2019Forecasting Accuracy Report Summer Updaté AEMO for the first time alsoincluded an
assessment of the performance of supply forecasts, sudas reliability of thermal generators.This will be
expanded in the full 2019 Forecast Accuracy Report due later 2019

Based on the Forecashg Accuracy Repors findings, AEMOdevelops and implementsa workplan of
improvements to its forecast data andmethodology to address any issuesidentified. Improvements to both
demand and supply forecasting, incorporated for the 2019 ESOO, are presented below.

AEMO has consulted extensively with industry stakeholders, primarily through itlsonthly Forecasting
Refaence Group (FRG), to continually improve the veracity of the reliability forecasts, and acknowledges the
ongoing contributions made by the FRG to assist AEMO in improving the forecasting process.

AEMO has alsacontinued its collaboration with the Bureauof Meteorology (BoM) and the Commonwealth
Scientific and Industrial Research OrganisatiofCSIROJ}o better understand the impacts of extreme weather
on supply and demand forecasting, now and in the future.

36 At https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/Forecasting Accuracy Reporting.

37 At https://lwww.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Accuradeport/2019 SummerForecastAccuracy update.pdf.
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15.1 Demand forecasting improvements

For the 2019 ESOQAEMO has implemented a number of enhancements to its demand forecasts. These are
explained in more detail in the updated Electricity Demand Forecasting Methodology Information papét
and are summarised below:

1 Improved business sector consumption modellig & the overall sectorhas been segmenteddifferently this
year,to provide better visibility of consumption by large industrial users and better model performance of
the remainder (commercial and smaller industrial sectors).

9 Large industrial loads (informed by interviews and sector survey$)these have beenforecast separately
from the econometric model this year,to remove the influence on the long-term econometric models
from energy-intensive industries that are becoming ireasingly less representativef the business sector.

1 Energy efficiency saving® this year modelling hasincluded consideration of EEsavingsfrom
manufacturing smallto medium enterprises and methodological improvements have also been appliedin
apportioning existing and future schemesnto the forecasts

1 Maximum/minimum demand forecasting d a hybrid methodology mixed detailed half-hourly models
(capturing change in timing of extremes due to changes in technology mix) and an extreme value
approach, focusing on high/low demand points only. This extreme value approach is new this year, and
has been shown to be particularly accurate for the initial years in the forecast horizon.

i Batterycharging 0 profiles have now been linked to solar availability, with 18half-hourly historical
reference yearsusedto ensure the maximum demand model can capture weatheisensitive
charge/discharge patterns.

1 EVforecastsd through consultation with both energy and transport sectors different segmentsand
vehicle typesare now captured and forecastseparately,and a variety of charge profilesare used for each
vehicle category, depending on the scenario settings.

1 Energy efficiencyimpacts on maximum demandd the way EEmeasures areapplied on extreme weather
dayshas been updated, based on onsultancy advice reducing the projected impact of EEon maximum
demand on extremdy hot days.

1 Demand tracesd AEMO has made several iprovements to the way demand traces are developed to
meet the annual maximum demand targets. The new approach better captures the likelihood of peak
demands in the months before and after summer. When building traces to meet high peak demand
targets (10% PE targets), the new approach produces profiles which more resemble historical years
where peak demand has been high.

152 Supply forecasting improvements

AEMO is continuously working to improve the accuracy of the forecasting assumptions and methodologies
that underpin the modelling of supply adequacy. Through the development of the interim Reliability
Forecasting Methodology, AEMO consulted with stakeholders on several improvements supply forecasting
which have been applied in this ESOO.

In general, the inprovements in methodology are focused on more accurately forecasting both the expected
conditions and the range of possible operational conditions that impact reliability in the NEM.

The modelling improvements explained in more detail in the updatedESOOMethodology paper®, include:

1 Forced outage rate modellingd in previous ESOO modellingthe reliability of a scheduled generating unit
was modelled using a single, expected set of forced outage parameterbased on the aggregate
performance of its technobgy type. Historical analysis shows that even at the level of technology
aggregations (Victorian brown coal for example), the level of variability in reliability from yearto year is

38 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Inputs- Assumptions and-Methodologies.

39 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/NEM-Electricity Statement of-Opportunities.
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significant. To better capture this range, the 2019 ESO@odelling sampled discretely from performance in
each of the past four financial years. Furthermore, outage parameters have been applied at the station
level to better capture the variability within these technology aggregations.

1 Variablerenewablegeneration d the contribution of variable renewable generation to reliability has been
modelled using historicalreference years which use the historical correlation between demand and wind
and solar generation. The 2019 ESOO modellirgdded to the set of availalde reference years byincluding
the 201819 financial year.

1 Additional sensitivity analysis in the shorterm d due to operational considerations related to the return to
service of units on longterm outages, the 2019 ESOO incorporatea number of sensitvities into its base
case outlook. This resultd in a more realistic view of the range of possible conditions which will impact
reliability in Victoria this summer. Further details are providdin Chapter5.

1 AEMO has continued to refine assumptions and methodologies across all areas of the modelling process,
such as improvements to wind and solar generation modelling and comprehensive updates to the status
of existing and potential new entrant generation through the Generation Informatiort® survey process.

1.6 Addi ti onal i nformati on for 201¢

Table 3provides links to additionalinformation provided either as part of the 20B ESOO accompanying
information suite, or in related AEMO planning information.

Table 3 Links to supporting information

2019 ESOO supplementary results and data http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/
files Planning and-forecasting/NEM-Electricity Statement of- Opportunities

2019 ESOO model and user guide http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/
Planning-and-forecasting/NEM- Electricity Statement of-Opportunities

2019 ESOO Constraints Workbook http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/
Planning-and-forecasting/NEM-Electricity Statement of-Opportunities

2019 ESOO Methodology Document http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/
Planning-and-forecasting/NEM- Electricity Statement of-Opportunities

Market modelling methodology report http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/
Planning-and-forecasting/NEM- Electricit/- Statement of-Opportunities

RRO Consultation and reliability forecasting https://www.aemo.com.au/Stakeholde- Consultation/Consultations/
methodology report Reliability- Forecasting Methodology - IssuesPaper

Demand Forecasting Methodology http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/
Information Paper Planning-and-forecasting/NEM Electricity Statement of- Opportunities
Demand forecasting data portal http://forecasting.aemo.com.au

Forecasting Accuracy Reporting https://www.aemo.com.au/Electricity/National Electricity Market- NEM/

Planning-and-forecasting/Forecasting Accuracy Reporting

Generation Information web page http://www.aemo.com.au/Electricfy/National-Electricity Market-NEM/

Planning-and-forecasting/Generatiorrinformation

40 Seehttps://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Planning and-forecasting/Generationrinformation.
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Archive of previous ESOOQ reports http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/
Planning-and-forecastng/NEM-Electricity Statement of-Opportunities/NEM-
ESOQGArchive

Medium Term Projected Assessment of http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/

System Adequacy (MT PASA) Data/Market-Management- System MMS/Projected- Assessmentof- System
Adequacy

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

Planning-and-forecasting/Integrated-Systen: Plan
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2. Trends in demand
drivers

Thischapter discusses the main drivers that affect electricity consumption and maximum
demand today, and are expected to affect forecast levels in the outlook period.

Summary of key drivers

1 Population is one of the main drivers of growth in electricity demand, diredy affecting the number
and type of residential and nonresidential electricity connections. Australia's population is projected
to grow at a faster rate in the short term than previously projected, attributed to both natural growth
and i mmi gr a tpopolation grAviEhMddetasts incorporatethe Australian Bureau of Statistics
(ABS)2016 censushased population growth projections, which feature increasing mediumterm
population growth of 1.6% per annum, before dropping to 1.2% in the long term (beyond @32-33).

1 Consumers are increasingly reliant on electricity. The uptake of household appliances continues to
grow in the form of larger capacity white goods, larger televisions, more welzonnected devices, and
more heating and cooling capability. Similarly, the busiess sector has seeimcreased growth in
heating and cooling needs, manufacturing capacity, computer hardware, data storage, and
businessrelated appliances.As the uptake of EVs gains momentum over the coming years, and the
electrification of othersectos of Austr al i a0 seliaace onreleatnigitywill contmeea s e
to grow.

Despite the growing number of connections and increased reliance on electricity, growth in electricity
consumption has been in decline across the NEM.

Continued growth in the uptake of embedded PV systems (poftop PV and larger commercial PV
@on-scheduledbgeneration [PVYNSG systemg isreducing the electricity consumption and demand required

to be met by the grid. Relativelystrong growth in rooftop PV systems is forecasover the next five yearswhile

pricing support remains from high retail prices and government subsidiesOver t he medi um ter m,
forecasts capture likelygrowth in PVNSGincentivised bystate/territory government incentives in Victoria,

Queensland and the Australian Capital Territory ACT).

EEpolicies andmeasuresalso are acting to reduce electricity consumption, affectindpoth annual electricity
consumption and the magnitude of peak electricity demands in the residential and commercial sectorsThe
impacts in the industrial sector aremore modest, as policy support to date has focused on the residential and
commercial sector.State energy savings schemes are currently scheduled tend between 2020 and 230,
with EEsavingsexpected to decling particularly after 203Q becausepost-2020 targets areyet to be set.

Weather continues to be a strong driver of customer demand and system supply, subject to sheterm,
medium-term, and long-term trends. Demand and supply forecasting processes simulate many weather years
around a long-term climate trend. These simulations aim to capture all relevant weather trends including
seasonal variability, EI Nio/La Nifia, and climate change. Climate change will have a greait effect on system
maximum demand than on annual electricity consumption by reducing heating load in winter and increasing
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cooling load in summer.AEMO has an active collaboratiorwith the BoM and CSIRCGand will continue to
examine data and methods toconsider the effects of climate change on all elements of the electricity system.

Updates to forecast drivers

For the 2019 ESOO, consumption and demand forecasts have been updated to capture the latest trends and
projections of these key drivers. The main jput changes compared to the 2018 ESOO include:

1 Updated economic outlook provided by Deloitte Access Economics (Deloitte)

1 Updated smaltscale technology forecasts folE\s, battery storage systems, and PV systems (both
rooftop PV up to 100 kilowatts [kW] and PVNSG between 100 kW and Bgawatts [MW]) which were
informed by forecasts providedby the CSIRCand Energeia

1 Updated energy efficiencyand fuel switchingforecasts, based on work prepared bystrategy. Policy.
Research (SPR)

1 Updated retail electricity price outlook.

1 Updated residential connections forecast

1 Updated large industrial consumptionforecastsbased on surveys and interviews with large energy users
1 Consideration ofclimate change within the longterm maximum demand forecasts at a halfhourly level

Thischapter summarises some of these key input assumptions.

21 Economic and odigarmogprkaphi c

211 Gross State Product

AEMO engaged Deloitte to develop long-term economic forecastsof each Australianstate and territory asa
key input to AEMOG&w  cahsgstart with thé stcenaricsawslines! in Sectior .4

Del oi t t e &enclidedrthatthea shartsterm prospects for the Australian economy remain robust, with
all states and territories expected to experience continued economic growtiDeloitte expectsthat solid
economic growth is likely given that the global economic slowdown has been modest thufar, with central
banks and governments quick to respond,and national income maintaining momentum.

InDe | oi dntrabsdesariaGross State Product (GSP) is forecast to grow at 3.1% annually on average across
the NEMregions in the short term (0-5 years), spurred by public expenditure ad a low Australian dollar. GSP

is forecast to transition to an average longterm growth rate of 2.7% annually, driven by labour force and
productivity growth. Productivity is expected to lift and wage growth is expected to pick up, with broad
unemployment measures down and rates of underemployment starting to return to longer term averages.

D e | o iweakecdnemic outlook (aligned to the 2019 ESOGBlow Changescenario)assumescountries shy

away from international engagement resulting in less efficient dlocation of resources With a long-term

annual average growth rate of 2.0%, economic growthis lowerr el at i ve t o Bcerarmidwere ds c e nt
real household disposable income growth flows through the economy affecting industry and economic

growth: the Slow Changescenario examinedower levels of investmentbeing made in technology

advancements in DEREEmeasures and E\5.

I n cont r a sstrong efromic outlobke(digned to the 2019 ESOCBtep Changescenario)is based on
an increase in wortl Gross Domestic Produc{GDP)growth, increase in population growth in Australia,
productivity gains from skilled migration, and increases in international trade of goods and servicesEconomic
growth is higher r elsenaiiomih atlong-t&ra dverage aneudl grontheatet of 23%6.
The forecast impact of thesedrivers in the Step Changescenariois an increase inoverall discretionary income
and investment in energy savingechnologies and measures.

“IHere, and elsewhere in this report, the average annual growth rate has ba calculated as Compound Annual Growth Rate (CAGR).
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2.1.2 Population and conrections

Population is a main driver of electricity demand, directly affecting the number of residential and
non-residential (businesses and service sector needed to support the populatioe)ectricity connections®.
The number of new residential connectionss also driven by social factorssuch as changes to the
household structure.

For the 2019ESOOforecasts,AEMO updated its connectionsforecastsby applying the Housing Industry
Association (HIA)Ywelling forecasts,and both the ABS2018 long-term population projections and the ABS
2019household dwelling projections

1 In the first four years the new connections forecast usé the HIA dwelling completion forecasts
1 Beyond four years, AEMQapplied ABS housing and population forecasts.

The Centralscenarioassumes population growth followshistorical trends for mortality,and net overseas(and
interstate) migrations, leading to average long-term population growth of 1.3%.

The Slow Changescenario assumes a lowelife expectancyand net overseas migation relative to the Central
scenario, and hasan average annual growth of 11%.

The Step Changescenarioassumeshigher fertility rates, higher life expectancyand net overseas migration
that drives higher population growth and an averageannual growth rate of 16%.

Non-residential connectionswere forecast using the economic growth outlook in each state and territory
with the total number of connections projected to increase by aboutl.1% per annum compoundeaver the
20-year outlook.

22 Di strielmetreggds resources

DER describs smallscale embedded generation such as rooftop PV systemBVNSG battery storage, and
EVs. AEMOcommissioned CSIRO and Energeia tassist AEMO toproduce DER forecasts for differing
scenarios of the anticipated ytake ratesand usage behaviours of various DER devices.

221 Rooftop PV and PV nonscheduled generation

Rooftop PV andPVNSGhave continued to maintain strong growth over 2018 and early 201%ading to
approximately 14 gigawatts (GW) of new installations andbringing the total capacity of behind-the-meter*?
PV systems in the NEM to abouB.1GW*. To put this in perspective, 8. GW ismore than twice the capacity
of Loy Yang A and Loy Yang B codiired power stations combined.

Figure 7comparesthe uptake forecasts across the 2019 scenarios, andth the 2018 ESONeutral
scenarioforecast.

The 2019 Centrat ¢ e n arooftop B\sforecasts dllow a slightly lower trajectorythan the 2018 forecastwith
continued strong uptake through to 2021, driven by current retail prices anégmallscale technology certificate
(STQ subsidies®.

This tapers off to a lower level of uptake later in theforecast period, due to the anticipated lengthening of the
payback period caused by easing retail pricé§ as new large scale renewable generation comes online, and
STC subsidieseduce to zero by 2030.

42 AEMO assumes a single residential electricity connection for each completed dwelling over the-g@ar forecast period.
43 Behindthe-met er devices are on consumer s diongystermi ses and connect to the distribut
44 Installed capacity as at 30 June 2019, based on Clean Energy Regulator (CER) and Australian Photovoltaic Inst&g) (data, unadjusted for degradation.

45 See Section 3.1.4 o SIRO (2019) Projections for smaitale embedded technologiesat https://www.aemo.com.au/Electricity/Nationai Electricity Market-
NEM/Planning-and-forecasting/Inputs- Assumgions-and-Methodologies.

46 For more information on price assumptions, see Section 4.2 @@SIRO (2019) Projections for smadtale embedded technologies.
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Growth is forecast to strengthen again in the mid2030s, due to a moderate forecast increase in retail prices
resulting from plant retirements, and the continued reduction of rooftop PV system prices.

The forecast slowing growth of rooftop PV over the 2020s is offset bprojected uptake of PVNSG systems.
While Large-scale Generation Certificde (LGC) prices are projected to approach zero in the next few yedrs
state-based incentives are expected to help counter this in Victoria, Queensland, and tHeCT*.

Figure 7 NEM rooftop PV and PVNSG installed capacity compariso n, actual and forecast
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AEMO improved the method for calculatingregional rooftop PV generation this year, engaging SolCast to
provide 19 years ofhistorical estimated generation, which influences the expected energy produced in
forecast years SolCasthas provided AEMOwith a data set that is moregranular, both spatially and
temporally, than the estimation estimatesused previously

2.2.2 Battery systems

Behind-the-meter residential and commercial battery systems have the potential to change the fute
demand profile in the NEM, and thusalso maximum and minimum demand. The extent of these changes
depends on a number of factors, including:

1 The quantity, storage capacityif kilowatt hours [kWh]), and charge/discharge power (kW) of
batteriesinstalled.

1 The relative penetration of different tariffs and associated battery charge/dischargmodes®.

47 Based on CSIRO analysis. See sections 3.1.4 and 5.1G4RO (2019) Projections for smadtale embedded technologies, ahttps://www.aemo.com.au/
Electricity/National-Electricity Market- NEM/Planning and-forecasting/Inputs- Assumptions and-Methodologies.

“At the time CSIROG6s 2019 projections wer e-schlemoedt opes, i hhadédi weor tbhelLGEBI §Vsctet
Energy Target [RET], ACTO0s Sustainabl e Ene€YRO () RArajestions farsmdalt@daecenbedded andds RET) .
technologies.

49 Battery operation modes may include behavious to shift the over-supply of household energy from PV systems for consumption when household

demand exceeds PV generation. Battery charge/discharge settings may allow or avoid grid consumption. Battery operation to rimise the benefits to
retailers, aggegators, or the grid as a whole are all potential operating behaviours.
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1 The size ofany complementaryPV system and the energy consumption of the householar business.

The number of batteries currently installed in the NEM is notccurately known. The Clean Energy Regulator
(CER) keeps a voluntary register of batteries/hich presently indicates nearly 15,000 behinthe-meter battery
systems are installed in the NERf. However, asregistrations are currentlyvoluntary, the dataset is
incomplete. AEMOGs current wheDERRdgister! alopd withheellabbration with CSRO in the
National Energy Analytics and Research (NEAR) progréimaims to improve the accuracy of this dataset

in future.

For the 2019 ESOO, AEM@eveloped battery uptake and usageforecastsreflecting development drivers that
are consistent with the scenariosFigure 8shows the total forecast nstalled capacity of batteries across the
NEM for the three scenarios modelledand compared with the Neutral forecast from the 2018 ESOO.

Figure 8 Behind the meter battery forecasts for the NEM
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The Central scenario follows a similar trajectory tthe 2018 ESOGorecasf?, with small variations due to
revised assumptiongncluding an increasedestimate of the actualinstalled capacity, updated customer load
profiles, and updated battery cost estimate¥’. Battery uptakeis forecast toslow briefly asbattery price
reductions are expected tostabilisearound 2030, while growth is projected to increasebeyond 2032 due to
forecastretail price increases.

50 CER data sourced on 31 July 2019 frottp://www.cleanenergyregulator.gov.au/RET/Formsand-resources/Postcodedata-for-smalt scale installations

51 For more information, seehttps://www.aemo.com.au/StakeholderConsultation/Consultations/NEMDistributed-Energy ResourcesInformation-
Guidelines Consultation

520neresearch areait he NEAR program is to identify batteri e sformitiantontherNEARprogrameseept ur ed on
https://near.csiro.aul.
53 In the 2018 ESOO, PV and battery forecasts were equivalent across all three scenarios.

54 For further information, seethe Electricity Demand Forecasting Mianodology Information Paper, athttps://www.aemo.com.au/Electricity/Nationat
Electricity Market-NEM/Planning and-forecasting/Inputs-Assumptions and- Methodologies.
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2.2.3 Electric \ehicles

Electrification of the transport sector could make amaterial contribution to electricity consumption in future.
The extent of this contribution is uncertain becauseuptake of EVs is still in the early stages, and information
on current charging behaviour is relatively limitedand may not be representative for futurebehaviour.

AEMO, through consulgation with industry, has ought to identify key EV adoption factors These include
1 Government policies.

1 The levelsed cost compared to current vehicles

1 Substitutes and alternatives to EVs (such as public transport and hydrogen)
1 Commercial fleetownership.

1 Access to charging infrastructure

1 Theavailability of different EVmodels in Australia

Across the scenariosas a result of these uncertaintiesA EMOd s f or e @ mrgeEV uptakespreatie s
affecting electricity consumptionand maximum and minimum demand. AEMO isdeveloping a roadmapto
increasecoordination between transport and energy sectors. Initially this should focus odeveloping a
common approach to forecasting d developing datasets, sourcesand assumptions that are key folev
adoption and charging factors 8 which should help reduce the uncertainty that emerging transport
electrification provides for forecasters and planners

CSIRO repors that EVs presently represent less than 1% of car saleéas the NEM. Based onthe current leve of
uptake, and in the absence of any policy incentivesCSIRO projectghat the uptake of EVswill reach 4%in the
next decade, aprojection of over half a million EVsto be in use across the NEM in 202829%. Figure 9shows
the projected uptake by vehicle type with residential vehicles forecast to be the largesEVsector, followed by
light commercial vehiclesand trucks.

Figure 9 NEM forecast number of EVs by vehicle type, Central scenario, 2017 -18 to 2038-39
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55 CSIRO, 2019 Projections for smadcale embedded technologies report, ahttps://www.aemo.com.au/Electricity/Nationad Electricity Market-
NEM/Planning and-forecasting/Inputs-Assumptions and- Methodologies.
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After 2028-29, EV ownership is projected to start increasingpster, due to greater model choice, charging
infrastructure availability and falling costs through economiesof scale and fuel savings. As a result,
electrification of the transport sector is projected to accelerate in théate 2020s and into the 2030s

In the Central scenario, nearly four and a half million residential and commercial EVs NBEMde are forecast
by 2037-38, representing approximately 17% of the total vehicle fleet. The 2018 ESOO, in contrast, forecast
sixmillion EVs by 203738, reflecting a higher projection for national vehicle sales, the exclusion of a
competing technology (fuel cell vehicles)and faster vehicle cost parity.

Based on these uptake projectionsFigure 10shows the forecast annual consumption attributed to EVs across
the NEM in the next 20 yars, across all scenarios and compared to the three scenarios in the 2018 ESOO.

Figure 10 NEM EVannual consumption forecast, 2016 -17 to 2038-39, all scenarios, compared to 2018 ESOO
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The method and frequency of EV charging will impacthe daily load profile. Charging is likely to be
influenced by the availability of public infrastructure, tariff structures, energy management systems, and the
driverds routine.

For this 2019 ESOO, AEM#@as incorporated four charge profilesin the 2019 faecasts

1 Convenience chargingd vehiclesassumed to have noincentive to charge at specific timesresulting in
greater evening charging after vehicles return to the garage

i1 Daytime chargingd vehicles incentivisedto take advantage of high PV generation diring the day, with
available associated infrastructure to enable charging at this time

1 Night-time charging 8 vehicles incentivisedto take advantage of low night-time demand.

1 Highway fast charging d vehicles that require a fast charging servicevhile in transit, based on a mix of
simulated and actual arrivals of vehicles at public fast charging from CSIRO research.

Charge profile preferences are forecast to change over time. The increasing electrification of tt@nsport
sector is expected to lead to grater charging infrastructure development and tariff changeproviding
consumers withgreater choice to charge their vehicles in ways that are increasingly convenient, while
minimising grid cost and impact. As a result, AEMO anticipates growth over time icharging behaviour
aligned to times of low overall demand, such as when rooftop PV generation is high.

Figure 11and Figure 12below show examples of the forecast contribution to demand from EV charging.
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Figure 11  Average weekday EV demand by charge profile type assumed for the Central scenario in
January 2039 in New South Wales
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Figure 12  Average weekday EV demand by vehicle type assumed for the Central scenario in January
2039 for New South Wales
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Note: Motorcycles are not shown in charging profiles, astheir assumed electricity consumptions lessthan 0.5% of residential cars.

Each exanple considers these charging profiles for summer 2039 for a specific region and scenario, to show
the contribution from charge profiles and vehicle category respectively. For detailed weightings of the various
charge profiles applied to each scenario, refeto the 2019 Inputs and Assumptionsvorkbook®S.

56 At https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning and-forecasting/Inputs- Assumptions and-Methodologies.
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2.3.1 Energyefficiency

EE meansaising less energy to achieve the sameutcome®’. The Commonwealth Governmentand state
governments have developed measures tanandate or promote EEuptake across the economy, and AEMO
has considered the impact of these measureen forecastelectricity consumption

A E M OZdK9forecastincludesmore EEsavings than forecast in 2018as shown inFigure 13 The increased
savingsare largely due to the inclusion of savings from manufacturing smalto medium enterprises (SMES)
this year, and methodological improvements affecting the EE forecasts oBME andresidential segment$8.

Figure 13 Forecast energy efficiency savings, 2019 -20 to 2038-39 and compared to 2018 ESOO

In the Central scenario, savings equate to 23.&rawatt hours (TWh) from the 201819 base year, or
approximately 10% less energy consumption by 20389 than would otherwise have been observed.

Additional measures, representing feasible yet ambitious futer standards for buildings and equipment® to

drive greater EE savings, are included in the Step Change scenario, resulting in approximatelyT38h of
forecast EE by 20389. The Slow Change scenario is forecast to deliver 19.3 TWh of savings by 2@%8and
assumes similar EE measures as the Central scenario, under lower economic and population growth settings.

AEMO engaged SPR to assist in developing EE forecasts for the residential, commercial, and industrial
sectors®. AEMO made sever alforecdsis,bastdme sulissquentaiscEsBid$vath state

57 From https://www.energy.gov.au/government priorities/energy- productivity- and-energy-efficiency (viewed 25 July 2019).

58 For more details, see Electricity Demand Forecasting Methodology Information Paper, fatps://www.aemo.com.au/Electricity/National Electricity Market-
NEM/Planning and-forecasting/Inputs-Assumptions and-Methodologies.

59 The two measures include future changes to the National Construction Code and activities under the Equipment Energy Efficieptogram that are in
proposal stage, or are currently suspended but could be reactivated.

80 At https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning-and-forecasting/Inputs- Assumptions and-Methodologies.

© AEMO 2019] 2019 Electricity Statement of Opportunities 42


https://www.energy.gov.au/government-priorities/energy-productivity-and-energy-efficiency
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Inputs-Assumptions-and-Methodologies
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Inputs-Assumptions-and-Methodologies
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Inputs-Assumptions-and-Methodologies























































































































































































































































