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Important notice

PURPOSE

The purpose of this publication is to provide information to the South Australian Minister for Energy and

Mining about SouthAustraliafds electricity supply and demand.

provided for completeness, this publication does not present any views on the effectiveness of price signals in
the National Electricity Market.

AEMO publishes this SouttAustralian Electricity Report in accordance with its additional advisory functions
under section 50B of the National Electricity Law. This publication is based on information available to AEMO
as at12 November 2020, although AEMO has endeavoured to incgoorate more recent information where
practical.

DISCLAIMER

AEMO has made every reasonable effort to ensure the quality of the information in this publication but
cannot guarantee that information, forecasts and assumptions are accurate, complete or apprdpte for your
circumstances. This publication does not include all of the information that an investor, participant or
potential participant in the National Electricity Market might require and does not amount to a
recommendation of any investment.

Anyone proposing to use the information in this publication (which includes information and forecasts from
third parties) should independently verify its accuracy, completeness and suitability for purpose, and obtain
independent and specific advice from approprate experts.

Accordingly, to the maximum extent permitted by law, AEMO and its officers, employees and consultants
involved in the preparation of this document:

1 make no representation or warranty, express or implied, as to the currency, accuracy, reliéiibr
completeness of the information in this document; and

9 are not liable (whether by reason of negligence or otherwise) for any statements or representations in this
document, or any omissions from it, or for any use or reliance on the information in it

© 2020 Australian Energy Market Operator Limited. The material in this publication may be used in
accordance withthec opyri ght per mi ssi ons on AEMOds website

Wh


http://aemo.com.au/Privacy_and_Legal_Notices/Copyright_Permissions_Notice

Executive summary

INn20192 0, Sout h A ulsadingaehergnt@ssformationlaglin saw new records set, variability in
demand grow further, and the continued emergence of trends requiring action tomaintain secure and
reliable supply.

91 South Audralian consumers coninued to invest in distributed energy resources (DER, primarily
distributed photovoltaic [PV] systemg, and AEMO forecastghis growth to continue over the next
decade, with installation rates remaining strong despite COVHI9 impactsin 2020:

0 South Austialia now has approximately33% of dwellings with rooftop PVinstalled d the highest
proportional penetration of all Australian states and territories, and among the highest
proportional uptake in the world.

d On 11 October 2020for one hour between 1230 pm and 130 pm? the amount of solar power
generated was sufficient to meetl0® o f So ut h efeciriity neadsad adidtsn Australia and
for any major jurisdiction globally?. Mild temperatures and cloudless skies contribute to ideal
generation conditions in South Australia, wi
providing 992 megawatts (MW) and largescale solar 313 MW to power theegion.

i The high penetration of distributed PV systemsis lowering minimum operational (grid) demand, as
distributed PV generation meets a growing proportion of consumer demand in the daytime.

d Minimum operational demand continues to set new record lows, most recently ori1l October2020
at 100 pm, when a new record lowminimum operational demand of 290 MW sent-out was set.
AEMO forecasts that minimum operational demand will continue to decline rapidlywith forecast
minimum demand approaching zero by 202425 in some scenarios

o0 Declining minimum demand is already creatig operational and planning challenges in South
Australia, related to thesecurity of the grid, managing voltage, and having enough system strength
and inertia. AEMO is working closely with the South Australian Government, ElectraNet, SA Power
Networks, the Energy Security Board (ESBand wider industry on actions necessary to efficiently
integrate increasing levels of distributed PV and other DER in the NEM.

1 The number ofembedded batteriesin South Australiais estimated to haveincreased by35% to 17000
units in 201920, and is forecast to almost triple in the nextfive years, representing approximately 20%
of all the batteries forecast to be installed in the NEM by 2025.

0 AEMO continues to establisha framework for virtual power plants (VPB) through the VPP
Demonstrations program, supported bythe Australian Renewable Energy AgencyYARENA. This
program and other VPP trialsare demonstrating the potential capability for batteries to provide
contingency frequency control ancillary services (FCAS) and energy rkat services The VPP
Demonstrations will continue through to mid-2021 and inform the effective integration of VPPs
into the NEM before they reach scale.

9 Despitethe relatively strongpenetration of renewable energy and battery storagesgas-powered
generation (GPG)emains a critical source of firming supplyand at times provides almost 100% of the
electricity demand in South Australiawhen renewable generation is not available

L All times written throughout this report are in local time unless stated otherwise

2 See media release abttps://www.aemo.com.au/newsroom/media release/solar power-fuels-south-australias total-energy-demand. In accordance with
system strength requirementsthere were three synchronous units onlineén South Australia at this time.

© AEMO 2020 | South Australian Electricity Report 3


https://www.aemo.com.au/newsroom/media-release/solar-power-fuels-south-australias-total-energy-demand

1 The impact of COVID 19is increasing the uncertainty associated with forecastg consumption and
demand patterns. In South Australiathe pandemichasreduced commercial demand and increased
residential demandsincerestrictions were introduced It is also forecast toreduce energy
consumption and peak demand for theyear ahead but the medium- and longer-term impacts are
harder to assess. These impactsould affect demand, maintenance of assets, and generators returning
to service AEMO is closely monitoring this and working with asset operatorsmprudent planning.

1 InJanuary 2020the Australian Energy Regulator (AER) published its decision to appro#l ect r a
Regulatory Investment Test foiTransmission(RIFT) application for the South Australiad New South
Wales interconnector, Project EnergyConnecaind is currently consideing ElectraNet and Transar i d ¢
contingent project applications. Subject  satisfactory regulatory and other approvals, ElectraNeind
TransGrid areworking towards completing construction by 31 December 2023

AEMO again worked with industry, government ad ARENAso South Australia remains at the forefront of
implementing innovative solutions, addressing technical challenges so consumers can realise maximum
benefits from the energy transformation. Key operating challenges and actions in 20420 included:

1 South Australia was islanded from the NEMrom 31 January to 17 February 2020This was the longest
separation of the Victoria and South Australia networks and the first timéhe Alcoa Portland
aluminium smelterhas been connected to the South Australiamnetwork without a connection to
Victoria. Findings from this event, as well as increased projections falistributed PV and other factors,
|l ed AEMO to declare a new inertia shortfall i
important role of fast frequency response(which may be sourced from batteries and other devicesin
addressing the shortfall ElectraNetis currently considering how to address the shortfall.

1 AEMO had earlier declared a system strength shortfall for the region in 2017 and a nmmum inertia
requirement shortfall in 2018. The delivery by ElectraNet of synchronous condensevih flywheelsat
Davenport and Robertstownwill address these shortfallswith the first two expected to be energised
by the end of January2021and two more by May 202%. Until then, AEMO is intervening in the market
when necessaryfo maintain secure system operationsin 201920, these interventions included253
directions to generators to ensure systemstrength, an increase of 65%compared to 201819

Consu mer investments in distributed resources increase operational challenges

M

Consumers continued to increase their adoption of behind -the-meter rooftop PV and storage , with
288 MW of rooftop PV installed in 2019 20. By July 2020, roftop PV capacitywas 1417MW (26 %
increase on the previous yearand battery systemsreached 72MW (33 % increase). Boftop PV
contributed 1692 gigawatt hours (GWh) in201920,126 o f S o ut hundedysg conaumptiand s

Growing DERand increasing investments irenergy efficiency haskept annual operational consumption
in South Australia in slow decline at 11,89 GWh in 201920, despite underlying population growth. It is
expected to continue a slow declinefor the next 10 years

PV systens larger than 100kilowatts kW), known as PV NonScheduled Generation (PVNSG&nd typically
installed on commercial premisesas well as small solar farms not large enough to be registered in the
market, have also seen steady growth with installed capatyi increasing 74% since 20189 to 129 MW.

Rooftop PV and PVNSG combined & @istributed PVGd contributed 210 MW more output at the time
of underlying ® peak demand in 2019-20 than had been forecast theprevious year, deliveringé82 MW at
the time of peak (1230 pm). Maximum grid demand is nd observed until late in the evening, at

3 AEMO, FinaReportd Victoria and South Australia Separation Event, 31 January 202@iblished November 2020, athttps://aemo.com.au/-/media/files/

electricity/nem/market_notices_and_events/power_system_incident_reports/2020/fir@port-vic-sa-separation-31-jan-- 2020.pdf?la=en

4 Seehttps://www.electranet.com.au/whatwe-do/projects/p ower-system strength/

5 Underlying demand is total demand from consumers, whether met from the grid or from their own generation or storage behind ta meter.
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approximately 7:30 pm, which willmean that future rooftop PV installations are unlikely to further reduce
the operational peakgrid demand unless combined with energystorage.

1 High and growing distributed PV penetation is reducing minimum operational demand 8, with minimum
demand alreadyfalling below the thresholds for secure operation of a South Australian islandMinimum
demand continues to occur in the middle of the day, typically at the weekend or on public folidays. A
record low operational minimum demand (sent-out) of 290 MW was recorded on Sunday 11 October
2020 at 1:00 pm. Minimum demand is forecast to approach zero by 2023-24 in some scenariog, or earlier
if PV penetration continues at a pace faster thathat forecast

Minimum demand is extremely sensitive to forecast growth in distributed PV. Evidence of strong sales and
installations in 2019%nd 2020 have strengthened the confidence that consumers continue to look for energy
savings through PV instdations, and distributed PV forecasts have been revised upwards accordingly.
COVID 19had been assumed to temper some installation growth, however, as dhe end of June2020, there
was limited evidence to confirm any real slowdown of distributed PV instkdtions. Due to the continued
strong uptake of distributed PV projected, forecast minimum operational demand is declining rapidly.

The 2020 ESOO highligted the minimum demand-related challenges and opportunities arising from
increasing penetration of didgributed PV, noting that:

i Effective market and regulatory arrangements that incentivise more demand during the middle of the day
would help minimise the occurrence of these extreme minimum load conditions.

1 Innovative solutions could include providers/aggegators of DER offering services such as increased
distributed PV controllability, load flexibility, storage, and load shifting.

9 Urgent action is required to ensure all new distributed PV installations have suitable disturbance ride
through capabilities ard emergency distributed PV curtailment capabilities to be enabled under rare
circumstances as a last resort to maintain system serity. AEMO is working with stakeholders to introduce
these capabilitiesthrough updates to the Inverter RequirementsStandard and on an accelerated
timeframe in South Australia in partnership with the SA Governme#g.

While these challenges and opprtunities are emerging across the NEM, they are most prevalent in South
Australia, due to its worldleading levels of distributed PV penetration.

Demand and supply changes, including COVID -19 impacts, and reliability forecasts
Under the Central scenarioAEMO is forecasting:
1 Energy consumption to continue to fall with the growth in DERoffsetting the growth drivers.

1 Maximum demand to initially grow slightly in South Australig driven mainly by largeindustrial loads,
then remain flat until 2029-30 as growth in underlying residential and business load is offset by increasing
energy efficiency.

COVID 19 has added to existing uncertities for demand forecasting The impact could be to increase or
decrease overall demand AEMO is monitoring this, given the &ck of precedent.

From a supply perspective:

1 There is117MW of committed new solar generation expected to commence commercial @erations by
summer 2020-21.

6 Operational demand is electricity supplied to consumers via the grid, by local scheduled genetian, semi-scheduled generation, and nonscheduled
wind/solar generation of at least 30 MW aggregate capacity, and by imports, excluding the demand of local scheduled loads.

"TAEMOG6s forecasts in this year 6s putehaiiosant seositidtiesaxplanediratsedady af this raport. ange of pl ausi b

8 AEMO, Short Duration Undervoltage Disturbance Ridéhrough Test Procedure, athttps://aemo.com.au/en/initiatives/major-programs/nem-distributed-
energy-resourcesder-program/standards-and-connections/vdrt-test-procedure.

9 Government of South Australia, Department of Energy and Mining, @sultation on Regulatory Changes for Smarter Homes, at
https://fenergymining.sa.gov.auénergy_and_technical_regulation/energy_resources_and_suppdgulatory_changes for_smarter_homes/consultation_on_
regulatory_changes_for_sméer_homes
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1 Beyond this summer, there is a further 376 MW of committed new variable renewable energy (VRE)
generation capacity that is scheduled to connect in the outlook period.

1 The current pipeline ofproposed projects (not yet committed) is approximately 9,926 MW and includes
6,406 MW of VRE.

1 Inlight of COVID-19, if there are unplannecdhetwork or generation outages that require labour or parts
from overseas there may be additional delays in returning those assets to service due to pply chain
disruptions. AEMO continues tomonitor this delay risk.

For the reliability outlook, AEMO hadorecast whether there will be anyunserved energy (USEn South
Australia, and compared this to both the reliability standard (no more than 0.002% dJSE in any year) and to
the new interim reliability measure [RM,no more than 0.0006% in any year.

The reliability outlook is improved compared tothat reported in the 2019 SAER:

1 ForecastUSEin South Australia remains belowboth the reliability standard and the IRMacrossthe
reliability outlook period (to 2029-30)

1 The additional peaking generation andbattery storage capacity added over the past yeasoftensthe
impact of the announced retirement of Osborne Power Stationin 2023-24.

1 Theimplementation of Project EnergyConnectvould result in a substantial reduction in forecast USE
(from 2024-25 onwards)that would more than offset the remaining reliability impact of the retirement of
Osborne Power Station.

Supply changes and impacts on exports, emissins, and pricesin 201920 were:

1 Generationin South Australia increased.6% in 20D-20 to 14621GWh, withgeneration from renewable
sourcesincreasing to 56% of total generation, up from 52% in 201819.South Australiaagain was anet
exporter of electricity in 2019-20. Compared to 20B-19, 6% more energy was exported to Victoria from
South Australiaon averageduring the daylight hours

1 Generation capacity in South Australia increased@b in 20B-20 (by 539 MW) to 7804 MW (including
1417MW of rooftop PV capacity).

1 Closure of Torrens Island Powr Station A (480 MW)is underway, and Osborne Power Station (172 MV
has been reported to AEMOas closing in 202324.

I Thecontinued decline in emissions intensity reflectshe decrease of GPGnd the increased wnd and
solar penetration in theregion.

T South Australiads aver ag ebWmrbntheeecad hggh leveleof 20¥819doi t vy
their lowest levels since 20146, following the NEMwide trend of falling prices. Factors driving the
NEM-wide reductions included lower priced offers from black coalfired generation, falling gas market
prices, and increased VRE output.

1 FCAS prices were significantly higher than in 20483 primarily due to extreme price volatility in November
2019, January 2020and February 2020 resulting from power system separation events

The proposed Project EnergyConnect interconnector ttNew South Waleshas an AER approved RIT
application and final contingent project applications from TransGrid and ElectraNesubmitted for approval.

Actions to maintain  system security and increase consumer value

As well as energy resources to meet demand, the power system also needs servicesiaintain system
strength and keep frequency and voltage within required limits . These system scurity serviceshave
traditionally been supplied by synchronous generators, but when this generation is not onliné such as at
times of low operational demand @ alternative options are needed.

1°The IRM came into effect in South Australia in March 2020.
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AEMOGs Renewable I ntegrati on'hghlighthdspesiticahplengds reRepto r t ( Ma 'y
South Australia and identified actions to address these and maximise the value of renewable generation
behind the meter and at grid scale

The key challenges observed, solutions identified, and developments progssed in the past year were:

1 AEMO issued253 directions in South Australia in 20120, directing synchronous generators to maintain
the system in a secure operating statecompared to 153 issued in 201:8.9.Thiscontinued the trend of a
substantial increae on previous years

1 Synchronous condensers, improved interconnection, and contingency frequency reserves from renewable
generation and large-scale battery storage, as welhs faststart and rapid-response technologies, are all
being progressed as more sgtainable long-term options.

0 ElectraNet, with support from AEMO, the AR, and the South Australian Government, has progressed a
project for four synchronous condensersfitted with flywheels,to be installed to supply both system
strength and inertia to the South Australian region.The first two synchronous condensers will be
installed at the Daenport substation by January2021 and the second two will be installed atthe
Robertstown substationby May 2021

1 Regulatory changes have recently been made orra under consideration to support system security in
South Australia andthe wider NEM, including:

0 TheAustralian Energy Market Commissioft AEM@ )d$-inal Determinatiacn and Rule to introduce a
mandatory requirement for generators to activate an existing apability to provide primary frequency
to improve frequency control in the NEM. The mandatory requirement applies to all scheduled and
semi-scheduled generators for a riod of three years.

0 Reuvision ofthe Inverter Requirements Standardor smaller distibution-connected generation to
optimise and support a secure power system under high levels of DER penetration, support energy
affordability and allow consumers to pusue individualised services.

0 The AEMCmaking a Final Determination and Rule to facilitee wholesale demand response in the NEM,
through implementing a wholesale demand response mechanismwhich is expected to contribute to
improved reliability and securiy in the NEM This mechanism will allow consumers to sell demand
response in the wholes#& market directly or through aggregators.

0 The identification of a new O0pr ot eaedidedseparatioemof 6 decl a
South Australiadd s smission network with the rest of the interconnected NEMThis wouldlimit
energy imports on the Heywood interconnector in periods when the UnderFrequencylLoad Shedding
schemes in South Australia are not effective to prevent cascading failures and potential system black. A
request for a new protected event declaration to the Reliability Parnas expected byearly 2021.

1At https://aemo.com.au/energy-systems/major publications/renewable integration-study-ris.
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1. Introd uction

The South Australian Electricity Repo(BAER) provides a highevel summary of key insights
into electricity supply and demand, as well as the latest developments in energy, in South
Australia. he report compiles informaton and insights from a number of AEMO studies
and publications, including reporting on historical informationand the 2020 Integrated
System Plan(ISP)

1.1  Purpose and scope

The 2020 SAERrovides key insights drawn froma collection of independent reports for the South Australian
jurisdiction under Section 50B of the National Electricity Layknown as the South Australian Advisory
Functions (SAAF)Thisreport is supplemented byseveralExcel files with comprehensive data and figws
summarising historical information and forecastsThese data files contain many more metrics thaare
presented inthis report.

1.2 Information sources

AEMO has sourced information in this report from other AEMO publicationsind used information provided

by market participants and potential investors as att2November 2020, unless otherwise specifiedReporting
of gas and electricity market observations igenerally based on the previous financial yeaf201920), unless

otherwise specified

Table 1provides links to additional information referred toabove or provided either as part of the
accompanying information suite for this report, or related AEMO planning information.

Table 1 Information and data sources

Information source Website address

2020 Electricity Statement of Opportunities ~ (ESOO) http://www.aemo.com.au/Electricity/Nationat Electricity Market-
NEM/Planning-and-forecasting/NEM- Electricity Statement of -

Opportunities

Market modelling methodolog  y report
Demand Forecast ing Methodology Information Paper

Demand Side Patrticipation (DSP) Forecasting
Methodology

ESOO and Reliability Forecast Methodology Document

2020 Inputs, Assumptions and Scenarios Report

2020 Integr ated System Plan (ISP) https://www.aemo.com.au/Electricity/National Electricity Market-
NEM/Planningand-forecasting/Integrated- System Plan

August 2020 Notice of South Australia inertia https://aemo.com.au/-/media/files/electricity/nem/security and
requirements and shortfall reliability/system security- market-frameworks review/2020/2020-
notice-of-south-australiainertia-requirements-and- shortfall pdf?
la=en&hash=673E32C8547A8170COFAFARBFBA8F#:~ text=
AEMO%20subsequently%20declare#h20an%20inertia,
Development%20PIa%20(NTNDP)6.&text=are%20closely%?20rela
ed.-,Power%20systems%20ith%20high%20nertia%20can%20
resiso20larger%20changes%20in.imbalance%R%620supply%20
and%20demand
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Information source Website address

2020 Gas Statement of Opportunities (GSOO) for http://aemo.com.au/Gas/National planning-and-forecasting/Gas
eastern and south -eastern Australia Statement of-Opportunities

2020 SAER Data File d tables and figures in this report, as http://www.aemo.com.au/Electricity/Nationat Electriity-Market-

well as many additional metrics NEM/Planningand-forecasting/South-Australian- Advisory
Functions

AEMO: Specification for Distributed Energy Resources to http://www.aemo.com.au/Electricity/Nationat Electricity Market-

provide Contingency FCAS NEM/Security-and-reliability/Ancillary-services/Marketancillary

servicesspecificationsand-FCASverification

AEMO: Wind farms an d solar farms testing requirements http://www.aemo.com.au/Electricity/Nationat Electricity Market-
for Contingency FCAS registration NEM/Securityand-reliability/Ancillary-services/Marketancillary
servicesspecificationsand- FCASverification

AEMOGs S 20i®20rReadiness Plan https://www.aemo.com.au/ElectricityNational- Electricity Market-
NEM/Security and-reliability/Summer-operations-report

Renewable Integration  Study https://www.aemo.com.au/energy systemgmajor -
publications/renewable integration-study-ris

Distributed Energy Resources Program https://www.aemo.com.au/initiatives/major programs/nem-
distributed-energy-resourcesder-program

AN =0 \V/ (@ X IS C A VI e (T Ao I W O B B - W RSN  [itp://www.aemo.com.au/Electricity/Nationat Electricity Market-
NEM/Securityand-reliability/Ancillary-services

Carbon Dioxide Eq uivalent Intensity Index http://www.aemo.com.au/Electricity/Nationat Electricity Market-
NEM/Settlements and-payments/Settements/Cabon-Dioxide-
EquivalentIntensity-Index

Generation Information page http://www.aemo.com.au/Electricity/Nationat Electricity-Market-
NEM/Planning and-forecasting/Generation-information

Interconnector capabilities report http://www.aemo.com.au/Electricity/Nationat Electricity Market-
NEM/Securityand-reliability/Congestion-information/Network -

status-and-capability

Maps and network diagrams https://www.aemo.com.au/aemo/apps/visualisations/map.html

Quarterly Energy Dynamics https://www.aemo.com.au/energy systems/major
publications/quarterly-energy-dynamics ged

1.2.1 Relating the Integrated System Plan to South Australia

In July2020, AEMO published the2020 ISF? a whole-of-system plan to maximise net market benefits and
deliver low-cost, secure and reliable energy by utilising investments in the optiai development path
consisting of ISP projects and development opportunities, as well as necessary regulatory and market
reforms. The ISP focused on the optimal integration brenewable energy zones (REZs) into an overall
strategic NEM-wide network development plan. The next ISP will be published in 2022yith a draft
publication for consultation in December20218 the timetable for the 2022 ISP is now published with further
milestones detailed?

The ISPcontinues to reinforce the need for independent, intggrated, transparent, NEMwide planning, rather
than project-by project-assessments, to optimise local project requirements. The strategic developments of a

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

© AEMO 2020 | South Australian Electricity Report 1z


http://aemo.com.au/Gas/National-planning-and-forecasting/Gas-Statement-of-Opportunities
http://aemo.com.au/Gas/National-planning-and-forecasting/Gas-Statement-of-Opportunities
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/South-Australian-Advisory-Functions
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/South-Australian-Advisory-Functions
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/South-Australian-Advisory-Functions
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Market-ancillary-services-specifications-and-FCAS-verification
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Market-ancillary-services-specifications-and-FCAS-verification
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Market-ancillary-services-specifications-and-FCAS-verification
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Market-ancillary-services-specifications-and-FCAS-verification
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Market-ancillary-services-specifications-and-FCAS-verification
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services/Market-ancillary-services-specifications-and-FCAS-verification
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Summer-operations-report
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Summer-operations-report
https://www.aemo.com.au/energy-systems/major-publications/renewable-integration-study-ris
https://www.aemo.com.au/energy-systems/major-publications/renewable-integration-study-ris
https://www.aemo.com.au/initiatives/major-programs/nem-distributed-energy-resources-der-program
https://www.aemo.com.au/initiatives/major-programs/nem-distributed-energy-resources-der-program
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Ancillary-services
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Settlements-and-payments/Settlements/Carbon-Dioxide-Equivalent-Intensity-Index
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Settlements-and-payments/Settlements/Carbon-Dioxide-Equivalent-Intensity-Index
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Settlements-and-payments/Settlements/Carbon-Dioxide-Equivalent-Intensity-Index
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Congestion-information/Network-status-and-capability
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Congestion-information/Network-status-and-capability
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Congestion-information/Network-status-and-capability
https://www.aemo.com.au/aemo/apps/visualisations/map.html
https://www.aemo.com.au/energy-systems/major-publications/quarterly-energy-dynamics-qed
https://www.aemo.com.au/energy-systems/major-publications/quarterly-energy-dynamics-qed
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan

portfolio of netw ork and non-network developments provide critical diversity and reliability benefg from
existing and new diverse renewable resources, maximising the value from available resources and
infrastructure and minimising the overall investment needs.

Outcomesfrom the ISP studies relating to the South Australian network included:

1 The South Australia system strength and inertia remediation to maintain the system securiy see
Chapter 8 for further information.

1 Thecontinued need for a new interconnection between South Australia and New South Walassee
Section5.2 for further information.

1 The importance of coordinating DER to realise the potential it could provide to the market and system
operations 0 see Chapter8.

Appendix Alcontains important clarifying information regarding data sources and reporting methodology
used throughout the SAER and its data #s.

1.3 Scenarios

Some tables and figures in this report are based on scenaridbat reflect the pace of change in the energy
industry, in line with scenariospresented inthe 2020 Electricity Statement of Opportunities(ESOOYXor the
National Electricity Market NEM) and the 2020 ISPfor the NEM.

In summary:

1 TheCentral scenario reflects the current transition of the energy indusy under current policy settings
and technology trajectories, where the transition from fossil fuels to renewablgeneration is generally led
by market forces and supported by current federal and state government policies.

1 The Slow Change scenario reflecs a general slowdown of the energy transition. It is characterised by
slower advancements in technology and redutions in technology costs, low population growth, and low
political, commercial, and consumer motivation to make the upfront investments requéed for significant
emissions reduction.

1 TheHigh DER scenario reflects a more rapid consumeited transformation of the energy sector, relative to
the Central scenario. It represents a highly digital world where technology companies increase the pace of
innovation in easyto-use, highly interactive, engaging technologies. This scenario includes reduced costs
and increased adoption of distributed energy resources (DER), with automation becoming commonplace,
enabling consumers to actively control and manageheir energy costs while existing generators
experience an accelerated exit. It is also characterised by widesptealectrification of the transport sector.

1 The Fast Changescenario reflects a rapid technologyled transition, particularly at grid scale, whre
advancements in largescale technology improvements and targeted policy support reduce the economic
barriers of the energy transition. This includes coordinated national and international action towards
achieving emissions reductions, leading to manufeturing advancements, automation, accelerated exit of
existing generators, and integration of transport into the aergy sector.

1 The Step Change scenario reflects strong action on climate change that leads to a step change reduction
of greenhouse gas emissins. In this scenario, aggressive global decarbonisation leads to faster
technological improvements, accelerated it of existing generators, greater electrification of the transport
sector with increased infrastructure developments, energy digitalisatiomnd consumerled innovation.

AEMO developed additional sensitivities in 2020 to specifically explore the relidity impacts of COVID-19
These sensitivities examined theffectson consumerpeak demand and energy consumptionassociated with
the social and economic restrictions associated with the pandemicand included:

i1 Central Downsidecaptures a more sustained economic downturn and lower manufacturing activity before
returning to trend by 2023-24.
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1 Central Downside High DERcaptures the same economic @wnturn as the Central Downside sensitivity
but examines how higher distributed PV upake, possibly stimulated by Government recovery efforts,
could affect grid consumption.

1 Central Downside High DER+ Industrial closurescaptures the same economic downtun and distributed
PV uptake as the Central Downside, High DER sensitivity but apia larger shock to the manufacturing
sector, with only a partialreturn of load by 2023-24.

T CentralUpsidesensi tivity that refl ect sbytheréampepofibusinesso of fi ced
demand overlaps witha more gradual decrease irresidential load.

Further information on the 201920 scenarios is available in the 202hputs, Assumptions and Scenarios
Report (IASR*. As part of the two-yearly processes assoeited with the ISR AEMOis currently reviewing
these scenarios for useacross2021 and 2022including for the 2022 ISP.

14 At https://aemo.com.au/ElectricityNational- Electricity Market-NEM/Planning and-forecasting/Inputs- Assumptions and-Methodologies.
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2. Consumer behaviour o
behind the meter

The proportion of South Australian dwellings that now have rooftopphotovoltaic (PV)
systems ingalled is around 33%,a higher penetration than any other state or territory in
Australiaand the world®®. Distributed PV systems of residential and commercial scale
showed the highest yearly increase on recordn 201920, and South Australiais projected
to have the highest ratio of rooftop PV generation to operational consmption of all NEM
regions at least until 2029 30.

This section covers uptake of these technologies and the role of DE&S forecast inthe 2020 NEM ESOGF.
Section 3 covers the forecastimpact on the timing and magnitude of maximum operational demand.

2.1  Rooftop photovoltaics (PV)

Rooftop PV systemdnstalled on South Australian residential and
commercial premises have aneasurablei mpact on the rec up to 100 kilowatts (kW)
operational electricity demand by reducing residential and commercial connected obehi
grid consumption during daylight hours, when consumer demaid can be the distribution system
met by rooftop PV.

In this SAER:

Rooftop PV meanssolar systems

PV non-scheduled generation

From 201213, rooftop PV production has shifted minimumoperational (PVNSG)meansdistributed
demand from overnight to occur in the middle of the day, and the time of systems greater than 100 kW, up
maximum operational demand further into the evening.In South Australia, to 30 megawatts (MW).
maximum demand now typically occurs late in the day (between 6:30 pm Distributed PV means rooftop
and 8.00 pm Adelaide time in summer), when solar irradiance is low. PV and PVNSG combined

2.1.1 Rooftop P V forecast methodology

Forecast methodology

A E M OHlestricityDemand Forecasting Methodology Information PapeY descrbes the methodology for
rooftop PV capacity and generation forecastsasusedacr oss AEMO&6s forecasting and
including the 2020 NEM ESOOA short summary of capacity and generation estimatiormethods is below.

Capacity estimation

Historical installed capacity for rooftop P\Ms extracted from a data set provided by the Clean Energy
Regulator (CER).

15 Seehttp://apvi.org.au/wp -content/uploads/2018/12/Solar Trends Report-for-Solar Citizens FINAL_111218 2_logos.pdf

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

17 At https://www.aemo.com.au/energy systems/electricity/nationatelectricity- market-nem/nem-forecasting-and- planning/forecasting-and-reliability/nem-
electricity- statement- of- opportunities-esoo.

© AEMO 2020 | South Australian Electricity Report 1€


http://apvi.org.au/wp-content/uploads/2018/12/Solar-Trends-Report-for-Solar-Citizens-FINAL_11-12-18_2_logos.pdf
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/NEM-Electricity-Statement-of-Opportunities
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-reliability/nem-electricity-statement-of-opportunities-esoo
https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-reliability/nem-electricity-statement-of-opportunities-esoo

Generation estimatio n

The historical energy generated by rooftop PV systens is estimated for each halfhour, converting
measurements ofsolarirradiance into generation outputs appropriate for small-scale installation$®. It models
inefficiencies related to shading effects anadonsiders the geograghic distribution of rooftop PV installations.
This method takes into account thehistorical reduced panel efficiency associated with ageing

A E M Ohistorical rooftop PV generation is thereby a combination of the historical capacity stimates
(calculated from CER datajnd the modelled normalised generation expected for eachkW of rooftop PV
capacity installed

2.1.2 Rooftop PV forecast

Rooftop PV capacity

Since 2009, South Australian t@al installed rooftop P\A° capacity has grown strongly The proportion of South
Australian dwellingsthat now have rooftop PV systems installeds around 33% which is the highest
proportional penetration in a state in Australig®.

An additional 288 MW is estimated to have been installed in2019-20 acrossthe business(104 MW)and
residential (184 MW)sectors?, this being the highest yearly increase on recordand bringing the total
estimated combined residential and business PV capacity in South Australia i17MW.

Figure 1shows the estimated actual and forecast installed rooftop PV capacity (residential armlisiness
sectors) for South Australia from 20186 to 2029 30. In the Central scenario, rooftop PV installed capacity is
forecast to grow steadily over the next decade.

18Solar irradiance developed in collaboration with AEMy the University of Melbourne® (2000-07),andprocured from Weatherzone(2008-20).
19Rooftop PV comprises both business and residential installations.
®Bazd on CER data for the number of systems, and AEMOG&s database on t

2! Estimates calculated as at September 2020, for the financial year 2029.
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Figure 1 South Australian rooftop PV installed capacity forecasts  to 2029-30
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According to recent AEMO internal analysi®f current installation rates, an estimated 90 MW of additional

rooftop PV is expectedto be installed by October 2@20,c o mp ar ed wi t hastAoEthe@éntral f or e c
scenaria This indicateshat the current DER installation re sits between the Central and theStep Change
scenarioforecasts.

Rooftop PV generation

Over the next 10 years, South Australia is projected to have the highest ratio ofafiop PV generation to
operational consumption of all NEM regions. This is attribted to the region's high penetration of rooftop PV
installations, good solar resources, and the secontbwest operational consumption of all regions in the NEM.

Figure 2shows the estimated actuals and forecasts of annual rooftop PV generation for South Australia from
2011-12 to 2029-30. In 20B-20, annual rooftop PV generation was estimated al$92 gigawatt hours (GWh¥2.
In the Central scenariojt is forecast to increase to2,725GWh by 202-30, which wouldrepresent
approximately 25% of annual underlying consumptionat that time.

22 Estimates calculated as at September 2020, for the finantigear 201920.
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Figure 2 South Australian rooftop PV generation forecasts to 2029-30
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2.2 PV non-schedul ed generation (PVNSG)

PVNSG capacity islefined as capacitybetween 100kW and 30 MW and is typically business rooftop PV and
smal | solar farms below AEMWOs registration threshol d

South Australia has experienced rapid growth in PVYNSG over the lafstur years although from a relatively
low base. Thishas beendriven by commercialdecisionsin the small to medium commercial sectorto reduce
energy costs as well as incentives drivelby large-scale generation certificats (LGCs).

Figure 3shows he estimated amount of PVNSG installed capacity at 30une2020 was 129MW?3,

In the Central scenarig PVNSG installed capacity iforecastto grow from 190 MW in 202321 to 348 MW in
2029-30. Figure 4 shows the estimated actuals and forecasts of annual PVYNSG generation South Australia
from 201112 to 202930. In 201920, annual PVNSG generation was @mated at 258 GWh. In the Central
scenario, it is forecast to increase to 801 GWh by 20230.

23 Note there is a delay between a PVNSG connection and its registration with the CER for the LGEstimates calculated as at September 2020, for the
financial year 201920.
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Figure 3 South Australian PVNSG installed capacity forecasts
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In the Central senario, PVYNSG installed capacity is forecast to grow from 190 MW in 20Z1 to 348 MWin
2029-30. Figure 4 shows the estimated actuals and forecasts of annual PVNSG generation for South Australia
from 201112 to 2029 30. In 201920, annual PVNSG generatiomas estimated at 258 GWh. In the Central
scenario, it is forecast to increase to 80G6Wh by 2029 30.

Figure 4 South Australian PVNSG generation forecasts
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2.3 Embedded b attery storage

As at 30 June 2020South Australiahas an estimated72 MW (or 17000 units) of embedded battery systemg*.
In the nextfive years, the number of batteries is forecastd reach nearly 50,00Qunits. This represents
approximately 20% ofall the batteries forecast to be installedin the NEM by 2025 supported by the South
Australian Governme t ose Battery Schemé.

By 202-30, uptake of business and residential behinghe-meter battery systems is forecast to reach
approximately 322MW (in the Central scenariojand 875MW (in the Step Change scenario)Battery uptake is
forecastto be slower than previous projections, due to revisions to payback periods, technology costs, and
linkages todistributed PV uptake rates Current modelling assumed most battery systems would be installed
as part of integrated solar and battery systems.

Depending on pricing incentives, battery storage gstems mayhave differing impact on the demand profile,
enabling households to store and use surplus solar production (if part of an integrated battery and solar
system) and shift this energy for use to meet evening pak demands.Increasedmarket benefits are expected
if the battery fleet is coordinated to provide a more certain peak support role.

It is possible for embedded battery systems to join avirtual power plant (VPP)A VPPbroadly refers to an
aggregation of resources (such as decentralised genetian, storage and controllable loads) coordinated to
deliver services for power system operations and electricity markets.

VPP trials are underway by retailers and technology providers, including:

1 South Australia VPRSA VPPJ10MW) operated by Energy Laals andTesla with support from the South
Australian Government®,

1 AGL VPR3 MW), with support from the Australian Renewable Energy Agency (ARENA)
1 Simply Energy VPR (3 MW), with support from ARENAS.

T Shinehub VPP 1 MW)?®

1 SA Power NetworksAdvanced VPP Grid Integration, with support from ARENA

Further information on VPPsincluding the VPP Demonstratiors program, is provided in Section8.7.

2.4 Electric vehicles

In 2019 20, there were an esimated 1,700electric vehicles(EV9 in South Australia including plugin hybrid
electric vehicles (PHEVsjlthough confidence in the actual number of EVs at this stage is relatively lo

By 202-30, in the Central scenariothere are forecast to beover 38,000residential EVs in the state and over
9,000 non-residential vehiclesThe Step Change scenaridV forecast ishigher, projecting nearly 200,000
residential vehicles and over 50,000 noiresidential vehicles.

Annual electricity consumption from EVcharging is forecast to be approximately 38 GWh (or 1.6%of total
consumption) in 2029-30 in South Australia (underthe Central scenario). The impact of EVs on the daily load
profile and maximum demanddepends on how and when they are charged. Chargingsilikely to be

24 For more information, seehttps://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/InputAssumptions Methodologies/2020/
CSIRGDERForecastRepott and https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasing/ inputs-assumptions methodologies/
2020/green-energy-markets der-forecastreport.pdf?la=en.

25 For more information, seehttps://homebatteryscheme.sa.gov.au/

26 At https://virtualpowerplant.sa.gov.au/

27 At https://arena.gov.au/projects/agkvirtual-power-plant/ .

28 At https://www.simplyenergy.com.au/energysolutions/battery-storage/south-australian virtual-power- plant-vpp.

29 At https://shinehub.com.au/savpp-launch-offer.

30 At https://arena.gov.au/projects/advancedvpp-grid-integration/.

31CSIRO, 201®rojections forsmallscale embedded technologiesreport, at https://aemo.com.au/-/media/Files/Electricity/NEMPlanning_and_Forecasting/
Inputs-Assumptions Methodologies/2020/CSIRGDERForecastReport
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influenced by the availability of public infrastructure, tariff structures, any energy management systems, and
drivers®d6 routines.

For the 2020 ESOO, AEMConsidered four distinct charging profiles:
1 Convenience chargingd vehicles assumedad have no incentive to charge at specific times.

T 6Smartd day bvehnodesiocaniviseditorcliarge during the dayy tariff structures, with available
associated infrastructure to enable chargig at this time.

1 6 Sma r t-time ohiargifg © vehides incentivised to charge overnightoy tariff structures, with available
associated infrastructure to enable charging at this time.

1 Highway fastcharging & vehicles require a fastcharging service whilein transit.

These profiles reflected different incetives to charge duringday-time or overnight off-peak periods, relative
to convenience-based behaviours which may impact more significantly on peak loads.

Not incorporated in these forecasts is the potential forEV charging to take place in a coordinatednanner, for
example as part of a VPP that optimises \écle charging profiles for demand and/or market conditions. This
is one potential innovative solution to increase system load in the daytimehat could provide relief to the
challenges associated witHower minimum demand (these challengesare explored further in Chapter 8.)

Charge profile preferences are forecast to change over time. The increasing electrification of the transport
sector is expected to lead to greater charging infrastructure developmet and tariff change, providing
consumers with greaterchoice to charge their vehicles in ways that are increasingly convenieanhd
cost-effective, while minimising grid cost and impact. As a result, AEMO anticipates growth over time in
charging behaviouraligned to times of low overall demand, such as when idtributed PV generation is high.

However, vehicles will remain modes of transportation first and foremost, and a key challenge as the sector
transforms will be the enablement of datadriven decision-making that attempts to maintain vehicle

availability for travel when required, while avoiding unnecessary costs to consumers associated with charging.
Without this, charging load may put more stress on the power system than may be necessary with energy
management innovation incorporated into these future vehcles and charging infrastructure.
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3. Operational
consumption and
demand

In recent yearspperational (grid) consumption hasdeclined, and this decline idorecast to
continue, although at a slower rate with varying trends for individual customer segments

Residentialoperational consumption is forecast to continueto decline with continued high
growth in distributed PV, mostly offset by forecast growth in electric vehicle uptakeGrowth
in the state ecoromy (notably large industrial loads)is forecast to ofset the decline from
commercial distributed PV installations and business sector energy efficiency programs

High penetration of distributed PV in South Australiameanspeak demandnow occurslater
in the day, limiting the impact on forecast maximum demars, butis forecast tolead to
rapid declines in minimum demand.

3.1  Historical and forecast consumption and demand

3.1.1 Operational consumption

This section presents recent historical observations and lorterm forecasts of annual operational
consumption in South Australia®.

INn201920,So ut h A uperatioad dorswuimption (sentout) was 1,890 GWh. This was @% (91 GWh)
lower than the 2018 19 consumption of 12,166 GWh.

Operational consumptionin the region is forecast todecreaseunder the 2020 NEM ESOO Central scenario,
from 11,584 GWh in 2@20-21to 10,874 GWh in 2@29-30 (-0.7% average annual growthrate).

Figure 5shows the historical trend of operationd consumption in South Australia from 20L0 11 as well as the
10year forecast. It shows noticeable decline from 201112 onwards which has been driven bya fall in
residential, commercial and industrial consumption as consumers have become more activeBngaged in
their energy use, withstrong uptake of distributed PV andinvestments in devices and activities that increase
energy efficiency

Over the next 10 years, the decline is forecast twontinue, although at a lesser rate and there are varying
trends projected for individual customer segmentssuch as large industrial loads which have a moderate
increase

The uncertainty in the impactof COVID- 19, expressed through the scenarios and sensitivities, has resulted in a
range of reduced operational energy consumption and naximum demand forecasts in the short to medium
term & see Section3.1.4

%2 Forecasts are presented on a senbut basis, meaning the forecasts exclude generator auxiliary loads. See Glossary, measures, and abbreviations for more
on definitions.
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Figure 5 Annual operational consumption (sent  -out) actual and forecast for South Australia
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As Figure 6below shows residential consimption is forecast to continueto decline post COVID 19recovery,
driven by only minor growth in population, combined with continued high growth in distributed PV
installationsand ongoing improvements in energy efficiency through new sbhemes and applian@s (including
air-conditioning) and better insulation of houses.

Business consumptioris forecast toremain relatively flat(-0.1% yearon-year average growth) as growth in
large industrial loadsis forecast to offset the decline from @mmercial distributed PV installations and
business sector energy efficiency programs.

EV consumption is projected to mostly offset the drop in residential consumption
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Figure 6 Forecast annual operational consumption (sent -out) with components  (Central scenario)
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3.1.2 Operational max imum demand

South Australianoperational maximum demand has historically occurred during periods of hot weather over
summer, largely attributed to airconditioner load.

The large levels of installed distributed PV capacity in South Australia to date havesulted in maximum

operational demand shifting from the middle of the day to the evening, when distributed PV is not

generating. On Thursday 19 December 201®perational demand in South Australia reached 3,147 MW

( measur ed-oount da dbdEIS@msfAdelaide time) with a temperatureof 40.5 degrees Celsius9C)

recorded at Adelaide (Kent Town)The maximum event occurred when production from rooftop PV wawery

low as solar irradianceis low at this time. High temperatures could have negativelympacted PV generation
acrosstheday as sol ar panel sd output start to degrade when

With maximum operational demand events now tending to occur at imes when PV generation is low, the
2020 ESOO suggests that further increases in roofp PV capacity will unlikely impact maximum operational
demands. Table 2showsthat since 201516, the time of maximum operational demand has occurred late in
the day.

I nsights into AEMO®&s f or ec amalyimigFopenst AccuracysRepsie ar e repor

Impact of distributed PV on underlying maximum demand

Table 2shows estimateddistributed PV generation at time of underlying maximum demand* for the last five
years illustrating that the contribution of distributed PV has grown year on yearsince 205-16

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

34 Underlying demand means all the electricity used by consumers, which can be sourced from the grid but also, increasinglypirother sources including
consumersd distributed photovoltaic (PV) and battery storage.
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Table 2 Distributed PV contribution to underlying and operational maximum demand in South Australia

Year Distributed PV estimated Time of underlying Distributed PV estimated Time of operational
contribution to maximum generation at the time maximum demand
underlying maximum demand of operational (Adelaide time)

demand (M W) (Adelaide time) maximum demand
(MW)

2015-16 229

5:30 PM 7:00 PM

2016-17 331 5:00 PM 177 6:30 PM
2017-18 393 5:00 PM 83 7:30PM
2018-19 472 5:00 PM 97 7:30PM

2019-20 682 12:30 PM 90 7:30PM

Note: Underlying demand means all the electricity used by consumers, which can be sourced from the grid but also, increasinglynfro
other sources includingconsmer sd di stri buted PV and battery storage.

Underlying maximum demand for 201920 occurred at 12:30 PMon 20 December2019 following Ad el ai de 8 s
hottest December daily temperaturesince 1904of 45.3°C (on Thursday 19ecember)and hottest December

overnight temperature on record since 1897 of33.6°C. By 1200 pm on Friday 20December, temperatures

were close to 42°C before a cool change arrived and temperaturesiecreased into the evening

Forecast operational maximum demand

Annual maximum operational demand is forecast to continue to occur in summeyand is expected to grow
slightly, due to expansion of large industrial loads, growth in EV,sand increased connections.

Figure 7shows historical summer maximum demand actuals sinced20 11, and 10%, 50%, and 90% POE
forecasts from the2020 and 2019NEM ESOOsCentral scenario).Over the next10years, maximum
operational demand (50% POECentral scenaridis forecastto have an average annual growth rate of 0.34%.

Sout h Au enmebatéry sahemse siibsidy is expected to have some dampening effect on operational
demand in the early evening. EV growth is projected tdave a minor impact on maximum operational
demand, due to an expectation of more overnight charging, although as outhed previously the magnitude
of impact will depend on the infrastructure available and consumer preferences (and incentives) to operate i
a manner that minimises grid disruption while maintaining convenience.

As Figure 7 shows, the operational demand thtawas reached on Thursday 19 December 2019 was in line with
the 10% POE forecast peak.
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Figure 7 Summer operational maximum demand (sent -out) actua | and forecast for South Australia,
2011-12 to 2029-30 (Central scenario)
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* Adjusted actual value for 201819 isAEMDS6 s esti mate of what would have dbnmedsider eached with
participation (DSB of any sort. As there was no load skedding or significant DSP during 20120, there is no adjustment required for
demand in that year.

Sout h Au enebatéry sahénse sibsidy is expected to have some dampening effect on operational
demand in the early evening. EV growth is projected tdhave a minor impact on maximum operational
demand, due to an expectation of more overnight charging although as outlined previously the magnitude
of impact will depend on the infrastructure available and consumer preferences (and incentives) tperate in
a manner that minimises grid disruption while maintaining convenience

As Figure 7above shows, the operational demad that was reached on Thursday 19 December 2019 was in
line with the 10% POHorecast peak

Figure 8belows hows t he same period for South Australiads ope

The 2020 Central forecasts include@d lower maximum winter demand in 2020 due to the estimated impact &

COVID 19 at the time (see Sectior3.1.4 . Sout h Australiads actual operation
through winter due to weather, increases in residentiaheating and higher industrial load. COVID 19may

have influenced the demand shapeleading to higher demand in the evenings®. A new record high winter

demand of 2,523 MW was set on 7 August 2020, in a significantly cold week, exceeding the previous record

seton 24 June 2019. From 2021 onwards, winter maximum demand is forecast return to previous levels

and remain relatively constant across the time horizon.

%See AE MO dorly En@gy ®ynanscs reports for Q2 2020 and Q3 2020, atttps://aemo.com.au/energy-systems/major publications/quarterly-energy-
dynamicsged.
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Figure 8 Winter operational maximum demand (sent -out) actual and forecast for South Australia,
2011 to 2029 (Central scenario)
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Demand side participation (DSP)

An alternative to adding grid generation to help meet maximum operational demand is to seekesourceson

the demand side.DSP reflects the capability of demand side resources (customer load reductions or
generation from customersd embedded generators) to rec
prices or emerging reliability issues. BP captues direct response by industrial users and consumer response

through programs run by retailers, DSP aggregators, or network service providers.

Consumption may be reduced voluntarily by customers exposed directly to the wholesale price, in cases
where prices are high at times of maximum demand. More commonly, the reduction is automatically
controlled by retailers or DSP aggregators which have signed up loads to reduce at different price levels to
provide price hedging in the market.

The estimated level of DS available in South Australia for summer 220-21and winter 2021is shown in
Table3. ItreflectsAEMOG s e x p e ¢ bSPdesquneeeresponse fp different wholesale price levels.
Reliability response DSP estimates are also included, referritgsituations where additional DSP is observed
in response to a Lack of Reserve (LOR) notice (LOR 2 or LOR 3) being isstied

The methodology used is expl ai nef, whichincd@MDsiimmaiy 8ffthe f or e c
groupsthatarei ncl uded i Bvaldds,N® greups2®ludedand the reasons why. Notably:

1 DSPresponses triggered by theReliability and Emegency Reserve TraderRERT process, as discussed in
Section7.2, are excluded.

36 LOR conditiors indicate times the system may not have enough reserves to meet demand if there is a large, unexpected eveite e AEMOGS reserve | e
declaration guidelines, athttps://www.aemo.com.au/-/mediaffiles/electricity/nem/security_and_reliability/power_system_ops/ reservkeveldeclaration
uidelines.pdf
37 AEMO,Demand Side Participation Forecas¥lethodology, 2020, athttps://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem
consultations/2020/demand side-participation/final/demand- side- participation-forecast methodology.pdf?la=en.
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1 Operation of battery storage units, includingvVPB, i s refl ected in other parts

process andthis istherefore excluded from DSP to avoid doublecounting.

i1 Time-of-use tariff impacts and controlledload arrangements are captured in the demand forecast, rrd
are therefore not included in the DSP forecast to avoid doublecounting of these effects.

Table 3shows the estimated cumulative price response is 27 MWor South Australia when prices exceed
$500 a megawatt hour MWh), and 58 MW when prices exceed $900/MWh. However, if LOR2 or LOR 3
conditions are declared, the total DSP response is estimated to be 61 MW in South Australia.

The region had its 201920 maximum demand in the evening of 19 DecembeR019 Prices reached the market
price cap ($14,700/MWH, but the state had sufficient supply to avoid declaring an LOR2. A few customers
reduced consumption, but mainly in line with what they often do during tha time of day, which would be
accounted for in AEMOBJ s, smthexestimated DI eespanseds négligible. ©a the
second highest demand daylast financial year, on 30 January 2020, the region entered an actual LOR2 state
with prices reaching a maximum of$12217.130n that day, AEMO estimated 5660 MW of DSP response
from various cusbmers.

Table 3 Estimated DSP by wholesale price levels and reliability response* for South Australia

Summer 2020 -21 (MW 8 cumulative for Winter 2021 (MW 06 cumulative for each
each price b and) price band)

* Reliability response refers to situations where BRORnotice (LOR 2 or LOR 3) is issued.

3.1.3 Operational minimum demand

South Australia has experienced minimundemand in the middle of the day since 201213, and this is forecast
to continue. Minimum operational demand typically occurs during weekends or public holidays when
demand is low, when temperatures are mildand around noon when distributed PV reduces theneed for
grid-delivered energy.

A new record low minimum operational demand of 290 MWsent-out (300 MW asgenerated®®) was seton

0

Sunday,110ctober2020. Thi s broke the previ ous,seirNovediser2009.ni mum de

The most recent record,as seen inFigure 9 occurred at100 pm (Adelaide time). At this time, SouthAustralia
was a net exporter, and the pealgeneration from large-scale solar androoftop PV was 1305 MW, which also
was the first timeall solar geneation reached 100%o0f the total underlying demand (of 1,289 MW) This day
was a clear day, with high solar irradiance for the time of the year and daytime temperatures the low to
mid 20s, but, being a weekend, commercial and industrial loadwere relaively low.

38 As-generated demand, unlike sentout, includes auxiliary loads. For more definitions, selettps://www.aemo.com.auk/media/files/electricity/nem/ seairity
and_reliability/dispatch/policy_and_process/2020/demanderms-in-emms-data-model.pdf?la=en&hash=72FA78488ED638F1A00A809B0D303C
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Figure 9 Profile of record minimum operational (as  -generated) demand day ( 11 October 2020)
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Forecast operational minimum demand

Figure 10showsthat shoulder®® minimum demand is forecast todecline significantlyin the Central scenario
from 2020-21 to 202122, at a rate of 18%per annum, due to an increase indistributed PV installation,then to
decline more gradually in the following years and in the absence of flexible loads or storagereach negative
minimum operational demand by 2026-27. The slower decline post 202223 is due to a forecast lower rate of
distributed PVinstallation. TheSout h Aust r al iHome Batery S8chemessfarecadtdo slightly
reduce the impact of high distributed PV installation on minimum operational demand.

The High DER scenarialso forecastsa steep declineforecastin the first two years, thena more moderate
decline, until reaching negative operational demand by 2023 24.

The minimum demand observed in October 2020 is moreonsistentwith the Step Change90% POE2020
ESOO forecasthan the Central scenario, primarily due to moredistributed PV installations in the year to date
than was forecast under the Central scenario

3 The shoulder period refers to September, October, April and May months.
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Figure 10  Shoulder o perational minimum demand (sent  -out) actual and foreca sts for
South Australia (Central and Step Change scenario s)
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* Record minimum demand occurred 11 October 2020 and has been included in the 2021 financial yeaactual; 2020-21 has been
included as an actualdespite it being an incomplete yearas annualminimum demand typically now occus in Spring. The 201617
minimum excludesthe black system event day in South Australia on 28 September 2016.

3.1.4 COVID-19 impacts

There has beenan increase innear-term forecast demanduncertainty due to COVID 19 asthe economic and
socialimpact of drivers such as activity and movement restrictions are without precedent in modern times

The 2020 ESOOannual consumption, minimum and maximum demandforecastsincorporated estimated
COVID 19 impactson the economy and large industrial loads and short-term and long-term changesto the
daily load profile. The uncertaintyaffected the input drivers for each scenario, and led taadditional
sensitivitiesin the 2020 ESOQ

In 2020-21, the effet of COVID-19 on the economy isforecast to lower consumption for the business sector

This is partly offset by a forecasincrease in esidential consumption, in part due to the modelled impact of

CoOVvID19 |l eading to greater owork from homed eetumtogy cons:
near pre-COVID 19 mobility levelsreduces residential consumption. Consumption in other sectorsis

expected to recover alongside aneconomic recovety.

COVID 19has also impactedthe daily load profile, and AEMOGs f adthedngpacstd minineusit i mat e
and maximum demand. This was capturd through two parts:

1. Estimation ofbase COVID 19impact to minimum and maximum over autumn and winter 2020.
2. Forecasttrend of COVID-19 impactto future years using assumptions and scenarios

Figure 11shows the South Australianforecastmaximum demandimpact of COVID-19 The figureassumes
that as lockdown restrictions ease, and people return to workthe economy recovers and the overall irpact
returns to pre COVIDdriversover time. Figure 13shows thethree 2020 ESOGscenariosand a more recent
Central Upside sensitivitythat reflectsa slowerd r ent uro o f f i evieefebythe rmampsup df business
demand overlaps witha more gradual decrease inresidential load. For more information on the
methodology and assumptiors please seeAppendix A2 of the 2020 ESOO.
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Figure 11  Forecast m aximum demand offsets due to COVID-19
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3.1.5 Trends in maximum and minimum demand

Therelatively largerange betweenminimum and maximum demand in South Australiacreates challenges for
managing the power system(see Chapter §.

Between 2001 and 2010, demanfibr energy rose, with higher increases in summer maxima. Since 2012,
annual maxima have remained at a similar level.

In December 2012annual minima switched from overnight to daytime. Since then, minima have continued to
occur during the day and to further reduce in line with distributed PV installations.

As a result, the difference betweerthe annual maximum and annual minimum has grown from approximately
1,867 MWin 2001to approximately 2,738 MWin 2020.

Figure 12shows the annual operating range of South Australian senbut demand for the last 18 years
demonstrating the widening trend.

© AEMO 2020 | South Australian Electricity Report 32



Figure 12 South Australian historical an nual range of operational (sent  -out) demand
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3.1.6 Daily demand profiles

The average daily demand profilegpresented in this sectionrepresent the operational (asgenerated)
demand, in megawatts, for each 5minute dispatch interval of a day, averaged over the relevant days of the
selected period. Changes to the average daily demand profile over time can provide insights into the impact
of increasing smaliscale rerewable generaion and demand side management. Only South Australian
workdayshave beenincluded in the analysis. Weekends and gazetted public holidaysere excluded.

Summer daily demand

Figure 13shows the SouthAustralian average workday demand profile for summefrom 201516to
201920. Average summer demand yeaion year has been generally declining in daylight hours, due to
increasingdistributed PV generation following continued growth in installations

Increasingdistributed PV installation playsa large role in shapingoperational demand. From 201516 to
201920, operational demand in the middle of the day (when solar irradiance is highhasreduced, while the
time of daily peak operational demand has shitd from 5:30 pm to 7.00-7:30 pm when solar irradiance
reduces the generation from distributed PV installatios.

Another noticeable feature in the demand profile is the sharp uptick from 11:30 pm, due to the controlled
switching of electric hot water storge systems.SA Power Networks $APN has started moving some of its
customersbhot water systems away from tle night-time timer setting to turn on during the middle of the day
instead. Additional residential customer hot water loads may have been moved hxetailers as smart meters
are being installed. This has lowered the observed nightime peak.
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Figure 13 Summer workday average demand profiles
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Winter daily demand

Figure 14shows the South Australian average winter wéday demand profile for winter 2016 to 2020. It
shows thatdemand increasesat times where theworkday is starting or ending. Similar to summer, educed
grid demand is observed in the daylight hours, due to the increased output oflistributed PV.

The winter evening peakon 7 August 2020 wasthe highest winter peak in SouthAustralia on record.Thiscan
be attributed to increaseddiversified heating load due to COVIBD19over this winter, and while the day itself
was not that cold (7°C minimum), it was soonafter the equal coldest winter day in the last 100 yearé& August
2020, equal coldestat almost 1°C minimum with 24 June1944) resulting in higher heating load.
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Figure 14  Winter workday average demand profiles
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4. Existing, committed and
proposed supply

The generation capacity mix in South Australiaontinues to evolve, with an overall increase
of 9.3% in total installed capacity*® to 7,804 MW in 201920 compared with the previous
year, mainly due to an increase irstorage and gas generationcapacity. Approximately

394 MW of further new generation and storage capacityis committed*%, comprising wind,
solarand battery storage’VPP projects.

Generation slightly increased by @% to 14,21 GWh,and South Australia continied to be a
net exporter of electricity in 20B-20. The proportion of generation from wind remained
similar to the previous year, while gas dcreasedfrom 47.3%to 42.9%, and largescale
solar anddistributed PV increased to 3.3% and.3.3% respectively(from 2.26 and 10.4%
respectively)

Recent marketdevelopments and government initiatives are providing strong signals for
increasedgeneration supply in the future.

4.1  Existing capacity

The supply capacity mix in South Australi@ontinuesto evolve. Table 4shows the mix at theend of 2019202,

_|
@
=2
(0]
N

South Australian registered capacity and local generation by energy source in 2019 -20

Registered capacity Electricity generated
Energy source

2,921 37% 6,278 42.%%

9]
Q
7]

7,804 100% 14,621 100%

40 Includes AEMO registered capacity,sawel as estimated rooftop PV and PVNSG capacity and estimated otheon-scheduled generation(ONSG) capacity.

“IDate based on 12 November 2020 AEMO Generation Information Page, lattps://www.aemo.com.au/Electricity/Nationai Electricity Market-
NEM/Planning-and-forecasting/Generatiorrinformation.

42 See the latest registered capacity in the NEM Registration and Exemption Liat https://www.aemo.com.au/energy systems/electricity/nationatelectricity-
market-nem/participate-in-the-market/registration/.
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Compared to the end of 201819, the biggestincreaseswere in gas and storagecapacity.Barker Inlet, the
first natural gas reciprocating engine power station in South Australia, commenced operation in November
20194, and canprovide rapid responseunder some circumstancego changes in demand or supply.

Lake Baney Battery Energy Storage System, a 25 MW Tesla battecpmmenced operation in October 2019
co-located with the existing 278.5MW Lake Bonney wind farm in South Australidlhe battery will provide
new dispatchable generation in South Augtlia to help meet peak demand, as well as critical system
balancing servicesftequency control ancillary servicesfCA$).

The Hornsdale Power Reserveexpansion supported by Tesla, ian expansion of the existing battery(100MW
capacity)by a further 50 MW, that came into servicein 2020. The Hornsdale Power Reserve io-located
with the Hornsdale Wind Farm in South Australia

4.2  Historical generation

Figure 15shows the location, nameplate capacity, and energy source of registered operatiahgenerators in
South Australia (all scheduled, semécheduled, and significant norscheduled generators used in operational
reporting). More details of existinggenerators can be found in the supporting data pack.

43 Refer to 2020 SAER data file, Table 4.24.

44 Date based on latest (12 November 2020) AEMO Generation Information Page at time of writing. More recent information may beadable by time of
publication, at https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Planning and-forecasting/Generatiorrinformation.
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Figure 15 Location and capacity of South Australia
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