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accordance with thecopyright permissionsonAEMOd8 s websi t e

de



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

Executive summary

The dynamicsof the power system in the National Electricity Market (NEM), and South Australia in
particular, have changed significantly as ageing codired generation assets havewvithdrawn and wind
generation, behind-the-meter rooftop photovoltaics (PV) generationand battery storage have grown
rapidly. The power system now needs to accommodate more dynamic and technologically diverse plant,
including embedded resources that are gographically dispersedto meet varying energy usage patterns
that are vastly different to previous decades.

Systemstrength needs to be more actively managedand there is hcreased need for faststart and
rapid-response technologies to accommodate chages in renewable energy output and improve power
system security.The shape of operational demand is becoming increasingly peaky, and both demand and
supply are exposed to the vagaries of weather, changing the nature and profile of supply scarcity risks.

Recent technology, regulatory, and policy developments in South Australia reflect these changing needs:

1 The newHornsdale Power Reserve Battery Energy Storage System provides a range of services
including energy arbitrage, reserve energy capacity, networlo&ding control ancillary services
(NLCAS)and frequency control ancillary services (FCAS).

1 Government purchase, and subsequent tender for lease of, temporary emergency diesel generation
provides off-market backup power when supply scarcity risks are hig.

i1 Barker Inlet, a 210negawatt (MW) reciprocating engine power station due for operation in 2019, will
be capable of increasing output to full capacity within five minutes.

I South AustralianGovernment policy is supporting the installation of 40,000 residetial batteries
through a Home Battery Schemewhich will help shiftrooftop PV generation to cover the evening
peak.

I New synchronous condensers are being installed to supply both system strength aridertia to the
South Australiaregion.

1 New interconnection between South Australia and New South Wales (currently being investigatgd
projected to improve economic efficiencies, pover system security, and dispatcability during
minimum demand periods.

It is critical that the investmentenvironment and regulatory mechanisms are capable of supporting a smooth
transition to replacement resources that deliver the services required to maintain reliability and security as
current generation retires. Industry must actively work towards creatinthe landscape for this to occur,
without disruption to reliability, and at the lowest cost to consumers.

AEMO is working with the Energy Security Board, Reliability Panahd industry to identify proactive policy,
regulatory, and market reforms that maybe required to facilitate investment in the public interest, including:

1 Proposing a process to make thdntegrated System PlanISP! actionable. The current transmission
planning process must move away from the assessment of developments on a regidoy-region,

L AEMO, Integrated System PlapJuly 2018, available dittp://www.aemo.com.au/Electricity/NationatElectricity Market-NEM/Planning-and-
forecasting/Integrated- SystemPlan
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project-by-project basis to one that incorporates systemwide planning. This will allow transmission
development across the NEM to be optimised and the full benefits of those development® be realised.
This is particularly important in the curremand forecast environment where the supply mix is changing
and there is more emphasis on the need to share reserves NEMide to manage intermittency.

1 Proposing alternate or supplementary reliability metricghat measure the shape and severity of the taitisk
to better inform industry of supply scarcity risksand ensuring reliability mechanismsor strategic reserves,
are in place if needed.

1 Establishing programs to better integratedistributed energy resources DER into the market and system,
increasirg visibility through establishment of a DER registegstablishing technical performance standards
and operational processesand progressing regulatory changes to facilitate DER access to markets.

1 Designing improvements to the regulatory arrangements forhow grid-scale Emerging Generation and
Energy Storage (EGES) registers and participates in the NEM.

The impact of active consumers and growing distributed energy resources (DER)

1 Consumers continue to increase their adoption of behind  -the-meter rooftop PV and storage , with
capacity reaching 930 MW of rooftop PV and 15 MW of battery systems after 2018, and rooftop PV
contributing 1,162 gigawatt hours (GWh) in the 201%8 year.

1 This consumer activity, combinedvith energy efficiency savingskept annual operational consumption
in South Australia flat at 12,203GWh in 201718 despite underlying population growth. It is expected to
stay at a similar level for the nextLlO years

1 Rooftop PV contributed 51 MW more at the underlying peak in 201718than it did in the previous
year, delivering 495 MW at the time of peak underlying demand (4.30 pm Adelaide time) and moving
the time of peak grid demand from 6:30 pm in the previous year to 7.30 pm Adelaide time . Now
that maximum demand has moved into the evening, after the sun has sefuture rooftop PV installations
are unlikely to further reduce this operational peak unless combined with energy storage h€ level of
maximum demand from the grid is therefore expected to rise as population grows.

9 High and growing rooftop PV penetration is alsoreducing minimum operational demand , with times
of negative demandf forecast by 2023 24. Minimum demand continues to occur in the middle of the
day in South Australig with a minimum demand of 645.6 MW recorded at 1:30pm in 201718

9 |Initiatives to further build and integrate DER into the system and market in South Australia
include:

0 South Australian Government policy supporting the installation of 40,000 residentidatteries (through
a Home Battery Schemgwhich will be capable of enrolling in vrtual power plant (VPB aggregations.

0 VPPtrials (allowing DER to be dispatched alongside other resourcgand progressing regulatory
changes to facilitate DER access to engy, ancillary and reserve markets.

0 Australian Renewable Energy AgencARENA/AEMOtrial to explore a strategic reserve model
(referencing international market designs) for reliability or emergency demand response.

Supply changes and impacts on exports, e missions, and prices

1 Generation in South Australia increased 27% in 201718 to 14,186 GWh, about half supplied from
gas-powered generation (GPG). The extrgeneration was used to meet local demand and expord to
Victoria, with 201718 being thefirst time in  at least nine years that South Australia was a net
exporter of energy .

1 Installed generation capacity (registered , including rooftop PV) in South Australia increased 14%
in 201718 @lmost 800 MW) to 6,205 MW.

2 Total demand from consumers, whether met from the grid or from their own generation or storage behind the meter.

% Negative operational demand meansembedded and non-scheduled generation exceeds regional consumption, forcing exports to neighbouring regions.
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1 Byend of July 2018committed and publicly announced additional supply developments in South
Australia totalled 8,184 MWacross 56 projects AEMO clasgBies about 700 MW of this as committed for
development®. While new wind and solar projects comprise the majority of new investmerinterest from a
capacity perspective, compared to the same time last year there is a noticeable increase in the amount of
new battery, pumped hydro, and gasfired peaking projects publicly announced.The South Australian
Government is assisting in thedevelopment of several of these projects.

1 Given the penetration of renewable generation, there will be increasingeed for technologies that can
complement the generation& natural variability by providing rapid start capabilities and high
operational flexibil ity . The committed Barker Inlet Power Station is an example of this value, with
maximum operation achievable within five minutes, at a higher level of efficiency than the prexisting
GPG fleet.This unit replaces the ageing Torrens IslanBower Station(TIPS) A which will progressively
close from 2019 t02021.

1 Increased GPGperation meant emissions were higher in 201718 than the year before, but growth in
wind generation led to lower overall averageemissions intensity.

9 Interconnection development sinclude projects to increase Heywood transfer capability and reduce
Murraylink congestion, and a new interconnector to New South Walegat the investment test phasé.

1 New sources of supply contributed to lower prices in 2017 -18. Time-weighted average prices were
11% lower than the year before, due to increased supply and fewer high demand periods, whHEAS
prices were lower as new suppliers including the Hornsdale Power Reser(idPRY battery system entered
the market, and TIPS increased FCAS provisiomials were also undertaken for FCAS provision from
Hornsdale Wind Farm and VPPs.

Actions to maintain reliability and security

1T AEMO forecasts risks to supply in the next five
interconnectedness with Victoria. Tavoid unfairly penalising one region for a supply deficit spread
through several interconnected regions, a equitable load shedding principle applies in the NEM. This
principle states that load shedding should be spread pro rata throughout interconnectedegions when
this would not increase total load shedding.Therefore,while the reliability standard is not expected to be
exceeded in South Australia, gh risks of load shedding projected in Victoria are likely to result in any
supply deficit being spreadacross both Victoria and South Australia

0 Maintaining the emergency diesel generators under current arrangements through the 20189
summer will help mitigate the risk of shortfallin South Australia

0 AEMO has also identified additional reserves which came made available through the Reliability and
Emergency Reserve TraddlRERTjunction to reduce the supply scarcity risk this summer.

0 This risk is forecast to reduce after next summer asmore committed generation is commissioned Over
the next four years forecast unserved energy (USE) for South Australia is within the reliability standard

0 New interconnection between South Australia and New South Wales, currently undergoing investment
testing, will be critical to help maintain relidility in an efficient mannerfollowing the planned
withdrawal of thermal generation such asTIPSA and LiddellPower Station (in New South Wales)

4 Commitment criteria areoutlined under the Background Information tab onA E MO & s at®e Infermation Page, available at
http://www.aemo.com.au/Electricity/Nationat Electricity Market- NEM/Planning and-forecasting/Generatiorrinformation.

5 Emissions intensit refers to the average emissions associated with each unit of energy produced. An increase in total emissions can coinciite @ larger
increase in total regional energy produced, resulting in a lower regional emissions intensity.

6 HPRBattery Energy Strage System(BESS) alsprovides services including energy arbitrage, reserve energy capacignd network loading control ancillary
services (NLCAS).

7 Unserved energy (USE) is energy that cannot be supplied to consumers, resulting in involuntary loaedting (loss of customer supply), as a result of

insufficient levels of generation capacity, demand response, or network capability, to meet demanthe reliability standard specifies that expected USE
should not exceed 0.002% of total energy consumptionri any NEMregion in any financial year
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1 As well as energy resources to meet demand, the power system also needs servicesnaintain system
strength & and keep frequency and voltage within required limits . Thesesystem security services
are supplied by synchronous generators, but when this generation is nainline 8 such as at times of low
operational demand 9 alternative options are needed.

0 AEMO candirect synchronous generators to stay onlineSecurity directionsincreased substantially in
the last year, with over 140 issued in South Australes of 23 September 2018

0 Synchronous condensers, improved interconnection, and contingency frequency reserve s from
renewable generation and largescale battery storage, as well afast-start and rapid-response
technologies, are all being progressed as more sustainableng-term options.

0 ElectraNet, with support from AEMO, the Australian Energy Regulator (AERNd the South Australian
Government, has progressed project for synchronous condensergo be installed as soon as possible
to supply both system strength and inertia to the South Australian regioh

1 Regulatory changes to improve power system security in South Australia have also progressed
AEMO recommended in its 2018 Power System Frequency Risk Review (PSHRR)

0 Anew OProtected Evento6 be declared by the Reliabili
interconnector failure causing generation to disonnect and leading to South Australia being islanded
and a black system occurringduring destructive wind conditions in South AustraliaRAEMO is currently
preparing this request for submission to the Reliability Panel in November 2018.

0 An upgrade to the recently commissioned System Integrity Protection Scheme (SIPS) in South Australia
be implemented, to further reduce the likelihood that a loss of multiple generators in South Australia
will lead to separation and a black system. AEMO is investigating thigith ElectraNet.

i Other regulatory changes that have been or are being implemented to support system security in South
Australia and the wider NEM includea new approach to measuringforecasting uncertaintyand triggering
Lack of ReservéLOR) keeping long notice RERT to allow an extended lead time for procuring reserves,
and establishing a register of DER by the end of 2019 to give AEMO visibility of DER and information
including its locations and trip settings.

Looking ahead & proposed ISP developments  for South Australia

1 A E MOJXulg2018 ISReinforced the need for independent, integrated, NEMwide planning. The strategic
development of a portfolio of network and non-network developments provides critical diversity and
reliability benefits from existing and new diverse renewable resources, maximising the value from available
resources and infrastructure and minimising the overall investment needs.

1 ThelSP highlightedthat an upgrade to the interconnection between South Australia and New South
Wales isexpected to be economically beneficial under almost all plausible scenarios. This upgrade, now at
the investment test phase, would:

0 Allow generation in other states to be transported to South Australigproviding cost reductions
through reduced GPG requirenents.

Allow for new potential renewable energy zones (REZ8Yo be developed along this corridor.

0 Improve system security and resiliencey reducing the risk of islanding of the South Australian
network and helping mitigate system security riskainder minimum demand conditions.

1 Immediately optimal REZ development areas the ISP(locations with high quality renewable resources,
supported by existing transmission capacity and system strength and capacity) included two candidates in

8 System strength reflects the sensitivity of power system to disturbances, and the stability and dynamics of generating sysseand the power system to
remain stable under normal conditions, and to return to steadystate conditions following a disturbance (such as a fault).

9 Seehttps://www.electranet.com.au/whatwe-do/projects/power -system-strength/.

01n REZs¢lusters of large scale renewable energy can be developed to promote economies of scale in higiesource areas and capture geographic and
technological diversity in renewable resourcegproviding an effective, leastcost way to integrate new generation, forage, and transmission development
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South Australa: Northern Suth Australia (solar) and MidNorth (wind). To connect renewable projects
beyond the current transmission capacity, further action will be required. Riverland (wind and solar) in
South Australia was among the optimal areas identified fodevelopment in conjunction with the
transmission investments identified in the ISP.

1 The ISP also identified the importance of coordinating DER to realise the potential it could provide to the
market and system operations.
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1. Introduction

The South Australian Electricity ReportSAER) provids a high-level summary of key
insights into electricity supply and demand,as well as thelatest developments in energyin
South Australia Thereport compiles information and insights from a number of AEMO
studies and publications, including reporting on historical information and forecasts.

1.1 Pur pamsscope

Every year sice 2012 AEMOhas prepared a collection of independent reports for the Saith Australian
jurisdiction under Section 50B of the National Electricity Laws the South Australian Advisory Functions
(SAAF)The 2018SAERhas been updated to anew structure to more accurately reflect the latest trends in
the industry and provide a reference document for all information relevant to $uth Australia

The structure of the documentwill be flexible, to adapt to changes in the industry. The 2018eport contains
insights that will replace the following past reports:

9 South Australian Elecicity Report.

1 South Australian Demand Forecasts.

1 South Australian Historical Market Information Report

9 South Australian Generation Forecast&since 2015)

1 South Australian Renewable Energy Repofsince 2016, previously the South Australian Wind Study
Report).

This2018 SAERSs supplemented by a number of Excel files with comprehensive data and figures summarising
historical information and forecasts. Where applicable, the content of these files wike updated during the
coming year. A list of all thesetables and figures and any corresponding equivalent in this reportjs included

in the Appendix.

AEMO continues to publish an annual omparison of ElectraNet's Transmission Annual Planning Report
(TAPR projects and their revenue proposa) separately fom this report**

1.2 | nf or mati on sources

AEMO has sourcednformation in this report from other AEMO publications and has also used information
from data provided by market participants and potential investors as aB0 June 2018 unless otherwise
specified. Thke Exceldata files with the tablesand figures accompanyingthis report are published as
supporting informatonon AEMOG6s website.

Table 1provides links to additional information referred to above, orprovided either as part of the
accompanying information suitefor this report, or related AEMO planning information.

1Al SAAF reports are available atttp://www.aemo.com.au/Electricity/Nafonal-Electricity Market- NEM/Planning and-forecasting/South-Australiar
Advisory-Functions
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Table 1 Information and data source s

Information source Website address

A KN CEERS 1N T Mo RO o] ooy DIa LIS (CISTOIO) M  http://aecmo.com.au/Gas/National planning-and-forecasting/Gas Statement of-
for eastern and south -eastern Australia Opportunities

2018 Integrated System Plan https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning
and-forecasting/Integrated- System Plan

2018 Electricity Statement of Opportunities http://www.aemo.com.au/Electricity/National- Electricity Market-NEM/Planning
(ESOQ) for the NEM and-forecasting/NEM-Electricity Statement of-Opportunities

2018 AEMO Demand Forecasting http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Planning
Methodology Paper and-forecasting/NEM- Electricity Statement of-Opportunities

2018 SAERO tables and figures http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Planning
and-forecasting/South Australian Advisory- Functions

AEMO observations: Operatio nal and market https://www.aemo.com.au/Media Centre/AEMO- observations-- operational-and-

challenges to reliability and security in the market-chalenges
NEM

AEMO Pricing Event Reports https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Market-
notices-and-events/Pricing event-reports

AEMO: Specification for Distributed Energy http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Security and-

Resources to provide Contingency FCAS reliability/Ancillary-services/Marketancillary- servicesspecificationsand- FCAS
verification

AEMO: Wind farms and solar farms testing http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Security-and-

requirements for Contingency FCAS reliability/Ancillary- services/Marketancillary servicesspecificationsand-FCAS

registration verification

A E M O &uwture Power System Security https://www.aemo.com.au/Electricity/National Electricity Market-NEM/Security

program and-reliability/FPSSPReports and-Analysish

AN =0\ KON IR C VIV I IN-T S AN IRV B BN =Y [itp://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Security- and-

NEM reliability/Ancillary-services

AN =0\ O XN RIS A U W U= e o= RN (=T o] MOM4]  https://aemo.com.au/Electricity/National Electricity Market-NEM/Security and-
reliability/Summer-operations-report

Carbon Dioxide Equivalent Intensity Index http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Settlements
and- payments/Settlements/Carbon Dioxide-Equivaknt- Intensity-Index

Fact sheets 6 frequency control, system http://www.aemo.com.au/Electricity/National Electricity Market-NEM/Security and-
strength, visibility of the power system reliability/FPSSPReports-and-Analysis

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

Hornsdale Wind Farm 2 FCAS Trial http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Strategic
partnerships

Initial operation of the Hornsdale  Power http://www.aemo.com.au/Media-Centre/AEMO-Hornsdale-report

Reserve Battery Energy Storage System

Interconnector capabilities report http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Security and-

reliability/Congestion-information/Network - status-and-capability

Maps and network diagrams http://www.aemo.com.au/aemo/apps/nem_map/index.php

Projections of uptake of small -scale systems http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Planning:

and-forecasting/National Electricity Forecasting Report
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Information source Website address

Quarterly Energy Dynamics 0 Q2 2018 https://www.aemo.com.au/Media Centre/AEMO- publishes Quarter-Energy
Dynamics-- Q2-2018

Retail electricity price history and projections http://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Planning

and-forecasting/National Electricty- Forecasting Report

South Australian Planning Requirements for http://www.aemo.com.au/Electricity/National Electricity Market-NEM/Planning
New Electricity Generation and-forecasting/South-Australian- Advisory- Functions

Throughout this report, AEMO has:

1 UsedNational Electricity Market (NEM) time (market time) d Australian Eastern Standard Time (AEST) with
no daylight savings applied.

1 Presentedpricing analysis for fiveyear and 10year trends in real June 2018 dollars, using the Adelaide
Consumer Price Index (CPI) as the basis for adjustmemless stated otherwse. Where analysis has been
undertaken within only the most recent two financial years, nominal dollar values are presented.

91 Defined summer as the period from 1 November to 31 March, and winter from 1 June to 31 Augusixcept
for winter 2018, which onlyincludes data from 1 June to 30 Jun2018

1.3 Scenari os

Sometables and figuresin this report are based onthree scenarios for pace of change in the energy industry
0 Neutral, Slow and Fast é in line with core scenarios from the 201&lectricity Statemem of Opportunities
(ESOQ and 2018Integrated System Plan (ISPMore detail about the scenariosis provided in these
publications (see Table 1for reference). In summary:.

1 Neutral pace of change (Neutral) scenariod this scenarioassumel a range of mid-point projections of
economic growth, future demand growth, electric vehicle(EV)uptake, and fuel costs, and existing market
and policy settings. It alsoassumal moderate growth in distributed energy resources DER aggregation,
such that aggregated distributed batteriescould be treated and operated as virtual power plant(VPP)
rathert han operated to maxi mise the individual househol ¢

1 Slower pace of change (Slow change) scenariod under this scenario, economic growthwas assumed to
be weak, reducing business investment and resulting in some industrial closuresssumptions dso
included lower overall discretionary income at a household level, feweEVsbeing purchased and lower
levels of investment in energy efficiencyRegulatory frameworks for DERvere assumed to advance at a
faster rate than technology advancements, leadig to relatively high DER aggregationCompared to
Neutral, the net effect waslower operational (grid) consumption, a smoother operational load profile (due
to higher demand-based resources and high DER aggregation), and slower power system transformation

9 Faster pace of change (Fast change) scenariod under this scenario, economic growthwas assumed to
be strong, increasing overall discretionary income at a household level anghaking stronger emission
abatement aspirations economically sustainable. With higher population and more robust economic
conditions supporting increasing demand for services reliant on electricity, demand for electricity energy
would be higher than projected under the Neutral scenarig including greater uptake ofEVs DER
technology improvements were assumed to advance more rapidly than the regulatory frameworks
needed for DER to become a reliability resource, leading to relatively low DER aggregatiorhe net effect
was higher operational (grid) consumption, a more@eakydoperational load profile (due to lower
demand-based resources and low DER aggregation), and a faster power system transformation.

These scenarios will beeferencedin the sections of this repot covering forecast demand, consumption and
supply. The scenarios are different from the three scenarios considered past publications(Neutral, Strong,
and Weak),but will be presented side by side in some figures and tables for comparisowhere appropriate.
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2. Consumer behaviour -
behind the meter

South Australian consumers are expected to continue to adopt technologies which may
reduce their energy consumptionfrom the grid. Thesedistributed energy resources(DER
affectc o n s u vemallseBergy consumption levelsand potentially shift energy
consumption patterns.

Consumer behaviour, particularly the usage of battery storage and choices of times to
charge electric vehicles, will affect consumption pattemover a day.

Thissection covers forecast uptakeof these technologies and outlines the role of DERor the 2018 NEM
ESOQ?2 The impact on timing and magnitude of maximum operational demand is covered irBection 3.

21 Roofpgplet ovdVYt aics (

Rooftop PV systems installed in South Australian residential and commercial premises have a material impact
on t he operaional eldttscity demandsby reducing residentialand commercialgrid consumption
during daylight hours, when consumer demand can be met by rooftop PVRooftop PV production may also
shift minimum demand from overnight to occur in the middle of the day and shift the time of maximum
operational demand further into the evening. In South Australia maximum demandalreadytypically occurs

late in the day (7.30 pm Adelaide time in summer 201718)when solar irradiance is low.

AEMOds methodol ogies for forecastaremy ai 6 abtl @ Pparmrd AEMODD G i
Forecasting Methodology Information Papef*.

2.1.1 Rooftop PV @pacity

Since 2009, South Australian total installed rooftop P¥capacity has grown strongly More than 32% of South
Australian dwellings now have rooftop PV systems instald, the second highestlevel of penetrationin
Australia® Only Queensland has a greater proportion of dwellings with a PV system installed.

Rooftop PV systems continue to be instd&d at a very high rate. A1 additional 155megawatts MW) was
estimated to have beeninstalled in 201718across business and residential sectorbringing the total
estimated residential and businesPV combined capacity in South Australidco 930 MW. Of the two sectorsd
business and residentiab the business gctor sawstronger relative growth by a considerable margin.

12 Available athttps://www.aemo.com.au/Electricity/NationalElectricity Market- NEM/Planning-and-forecasting/NEM-Electricity Statement of-Opportunities.

BoOperational demandd me aupgdieddoehmagrid oy saheduled,lsgmisehadeledgaynd significanion-scheduled generators
(excluding their auxiliary loads, or electricity used by the generatorp Under | yi ng demandd means all the energy consu
grid and DER behind the meter (on their own premises).

14 AEMO, Demand Foreasting Methodology Information Paper; 2018, Rooftop PV methodology in Section A.3.1. Availablef&tps://www.aemo.com.auk
/media/Files/Electricity/NEM/Planning_and_Forecasting/NEM_ESO0/2018/2@@&nand-Forecasting Methodology -Information-Paper.pdf

15Rooftop PV comprises both business and residential components.

16 According to Australian PVinstitute Solar PV status (at 17 August 2018), [#tp://pv -map.apvi.org.au/historical
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Thisgrowth has been primarily due to reduced payback periodsmaking rooftop PV generation an attractive
investment This is a result of a combination ofjovernment incentives in the form of rebaes and feed-in
tariffs, the Smalscale Technology Certificate (STC) multiplier, falling system costs, amgent increases in
electricity prices.

Figure 1shows the estimated actual and forecast installed rooftop PV capacity for South Australia from
201314 to 2027-28. Rooftop PVinstalled capacity is forecast to grow steadily over the nex10 yearsreaching
1,432 MW in 2027-28.

Figure 1 South Australian rooftop PV installed capacity forecasts
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* The 2018ES0OO0 maintained the same rooftop PV installed capacity forecasts across scenarios.
** After an improvement in the estimation for actualrooftop PV installation data based on updated Clean Energy Regulator (CER)
information and used during the production of the 2018ESOQ installation data has changed fronthat reported in 2017 SAAF reports.

2.1.2 Rooftop PVgeneration

Over the next 10 years, South Australia is projected to havke highest ratio of rooftop PV generation to
operational consumption of all NEM regions This is attributed to the state's high penetration of rooftop PV
installations, good solar resources, and the secontbwest operational consumption of allregions in the NEM
andWestern Australiads WWeM.esale Electricity Market

Figure 2shows the estimated actuals and forecasts of annual rooftop PV generation for South Australia from
2009-10to 2027-28.

In 201718, annual rooftop PV generation was estimated at 1,1§&awatt hours (GWh). It is forecast to
increase to 2050 GWh by 2027-28. This representsapproximately 196 of annual underlying consumption.
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Figure 2 South Australian rooftop PV g eneration forecasts
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* The 2018 ESOO maintained the same rooftop PV installed capacity forecasts across scenarios.
** After an improvement in the estimation for actual PV installation databased on updated CER information and used during the
production of the 2018 ESOQ PV installation data has changed fronthat reported in 2017 SAAF reports.

2.1.3 Rooftop PVforecast methodology

Forecast methodology

A E M OBemand Forecasting Methodology Informaion Papet’ provides a description of both rooftop PV
capacity and generation forecasts as used in the 2018 NEM ESO®in its Appendix A3.

Capacity estimation

Historical installed capacity for rooftop PV was extracted from a data set provided by the Clednergy
Regulator (CER). The dataset contains anonymous data of existing installations with more detail than is
regularly reported on the CER public website, allowing AEMO to keep track of daily variations.

Generation estimation

The energy generated by a ooftop PV system was estimated using a model developed by the University of
Melbourne®® For each halfhour, the generation model takes into account solar radiation and cloud coverage.
It models inefficiencies related to shading effects and takes into accao the geographic distribution of the
rooftop PV installations at that time.

The historical values of rooftop PV generation were obtained by multiplying the existing capacity (calculated
from CER data) by the modelled generation of a kilowatt (kW) rooftop PV installation. AEMO then applied
corrections for assumed loss in performance of ageing solar panels, by estimating that a panel loses 0.4% of

17 Available athttps://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/NEM_ES00/2018/2@@&mand-Forecasting
Methodology-Information-Paper.pdf

18 Rooftop PV Model TechnicaRe por t 6, V. D. Ruel | e,JulywR0l6availabe atbte:facnorcam.aMElectBaityéNational- Electricity
Market-NEM/Planning and-forecasting/-/media/CEDBBF70073149ABAD19F3021A17E733.ashx
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its efficiency for every year since its installation. An illustrative example of the effect of this assumptis that
the total rooftop PV generation estimate for South Australia in January 2016 is reduced by 1% once ageing of
panels is taken into account®.

22 Battery storage

South Australia currently hasan estimated 15MW of embedded battery systems$°. Compared to other NEM
regions, South Australia has ahigher battery forecast over the next five years, agecent Sate Government
policy is supporting the installation of 40,000 residential batteriegshrough a Home Battery Schemé Other
VPP trials are als underway by retailers and technology providers, including trials by AGL and TesM/ith
support from the Australian Renewable Energy AgencARENA, SA Power Networks (SAPN) and Simply
Energy are also delivering a VPP triaincluding measures of acces$o these behind-the-meter resources to
address local network constraints.

By 202728, uptake of business and residential behindhe-meter battery systems is forecast to reaci80MW
(under a Neutral scenario)Battery uptake is expected to be slower than pevious projections due to revisions
to payback periods, technology costsand linkages to PV uptake ratesModelling assumedmost battery
systemswould be installed as part of integrated solar and battery systeis

Dependent on pricing incentives, batterystorage systemsmay impact the demand profile, enabling
households to store and usesurplus solar production (if part of an integrated battery and solar system) and
shift this energy for use to meet evening peak demandsAs outlined in Section9, increasel benefits are
expected if this battery fleet is orchestrated to provide a more certain peak support role.

2.3 El ectric vehicles

In 201718, there werean estimated 56 sales ofEVsin South Australi&®, including plug-in hybrid electric
vehicles (PHEY), bringing the total to 201 vehiclesRelatively low uptake isforecast in South Australia in the
next 10 yearsmainly due to lower population projections compared to New South Walesand Victoria. By
2027-28, yearly sales oEVsin the state are forecast to be overl5,000vehicles, takingSouth Australi@d ®tal
EVfleet to over 45,000vehicles.

Annual electricity consumption fromEV charging is forecast to be approximatelyl55GWh in 202728 in
South Australia (under a Neutral scenario)lhe impact of EVson the daily load profile and maximum demand
depends on how and when they are charged. Charging is likely to be influenced by the availabjl of public
infrastructure, tariff structures, any energy management systems, and drivérsutines. For the 2018 ESOO,
AEMO assumed a weighting of three charging profilesconvenience, smart dayand overnight. These profiles
reflected different incentives to charge during off peak or overnight periods, relative toconvenience based
behaviours which may impactmore significantly on peak loads. Implicitlythere is an assumption that some
consumers will be incentivised to charge theiEVsoutside the peak demand period.

The EVconsumption forecasts used statebased vehicle activity assumptions, which influence how many
vehicles are required in each region to meet travel demand. The kilometres travelled per vehicle by region
changes over tme (due to adoption of car/ride sharing). The charging profiles per vehicle were also adjusted
for weekday/weekend differences and monthly differences based on traffic data. The battery efficiency at the
start of the forecast is approximately0.2 kilowatt hours (kWh) per kilometre for cars, and up to 1.kXWh/km for
trucks and buseswith these efficienciesexpected to improve through the forecast period EVscould

potentially have some impact on the peak demandexperienced for distribution feeders, dependirg on

uptake and whether changing tariffs incentivise charging outside local peak demand

19 This corresponds to an assumed average panel age across the region of 2.5 years.

20 For more information, seehttps://www.aemo.com.au/’-/media/Files/Electricity/NEM/Planning_and_ForecastinffeM_ESOOQ/2018/Projectionor-Smalk
ScaleEmbedded Technologies Report by-CSIRO.pdf

21For more information, seehttp://www.renewablessa.sa.gov.au/homebattery-scheme
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3. Operational
consumption and
demand

The historical decline in operational consumption is forecast tonoderate, as ontinued
uptake of rooftop PV along with energy effigency measureds projected to be balancedby
demand growth from increased economic activity, includingforecast expansion in mining,
and projected uptake of electric vehicles

The recentdecline in maximum operational demandis forecastto be reversed.Due to the
high uptake of rooftop PV, South Australiandemand is already peaking late in theevening.
At this time of day, continued growth in rooftop PV will havelittle or no impact on
moderating maximum demand, which therefore will increasgdriven by population increase
and economic growth.

The high penetration of rooftop PV in South Australia has caugseminimum demand to
occur in the middle of the day since 201213. The continued strong forecast growth for
rooftop PV installationsmeans90% probability of exceedance POB minimum operational
demand is forecastto become negative by 20232422,

Section 7discusses theoperational challengesthis raises along with possible solutions.

31 Historical and forecast consumyg

3.1.1 Operational consumption (sentout)

This section presents recent historical observations and lonatgrm forecasts of annual operational
consumption in South Australi&®. Where possible, forecasts from both the 2@ and 2017NEM ESOGQ are
shown for comparison across the different sasitivities.

In 201718, operational consumption(sent out) was 12,203 GWh. This was 1.8% (220 GWh) lower than the
201617 consumption of 12,423 GWh.

Under the 2018 NEM ESOO Neutral scenario, operational consumption is forecast to decline slightly in the
long-term outlook period (201819 to2027-28) from 12,053 GWh in 20189 to 11,86 GWh in2027-28.

22 Probability of exceedance (POEjneans the probability, as a percentage, that a maximurnor minimum demand forecast will be met or exceeded (for
example, due to weather conditions)A 10% POEnaximum demand forecastor a 90% POE minimum demand forecass expected to be metor exceeded,
on average, only one year in 10.

ZForecasts are presented on a o0sent out 6 basi s, htipe/aww.asngo.canhae f or ecasts excl ude
/media/Files/Electricity/NEM/Planning_and_Forecasting/EF1/2018/Operation@bnsumption-definition--- 2018 update.pdf for more on definitions.
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Figure 3shows the historical trend of operational consumptionm South Australia from 200910, with a
noticeable decline from 201412onwards. This has been driven by a fall in residential and commercial
consumption as consumers have become more actively engaged in their energy use, with uptake of rooftop
PV and incoporating more energy efficiency savings.

Figure 3 Annual operational consumption (sent out) actual and forecast for South Australia
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* The 2018ESOO scenarios considered are different from the ones in ESOO 20Détails of scenarios are available ithe 2018ESOOQ.

Over the next 10 years, the decline is forecast to level out aggregate, althoughthere are varyingtrends
projected for individual customer segments

As shown inFigure 4 below, residential consumption is forecast to continue its decline, driven by @y minor
growth in population, combined with continued high growth in rooftop PV installations. This is reinforced by
ongoing improvement in energy efficiengy of appliances, including air-conditioning, and better insulation of
houses.

Business consumption remaiarelatively flat, as growth in the state economy is forecast to offset the decline
coming from commercial rooftop PV installations and business sectaenergy efficiency programs.An
assumed pansion in miningload leads to a forecaststep change of business consumptioraround 202122.

EVconsumption (forecast to reach155GWh by 2027-28 in the Neutral scenarig is projected to mostly offset
the drop in residential consumption, keeping total forecast operational consumption across South Australia
flat overall.
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Figure 4 Forecast annual operational consumption (sent out) with stacked components  (Neutral

scenario)
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3.1.2 Operational maximum demand (sentout)

South Australian operational maximum demand(sent out)?* has historically occurred during periods of hot
weather over summer, largely attributed to airconditioner load.

Impact of rooftop PV on maximum demand

Maximum operational demand used to occur in the midafternoon, when cooling demand was at itspeak. As
rooftop PV capacity has grown, PV generation during daytime has increasingly helped to meet underlyiftg

demand, slowly pushing the timing of operational maximumdemand to later in the day, when PV generatin
is lower.

Table 2shows estimated rooftop PV generation at time of underlying maximum demandor the lastfour
years. As seen, the contribution has grown year on year. The impact @perational maximum demand has
been declining as timing has moved to late afternoon/early evening.

As Table 2 also shows, due to the high uptake of rooftop PV iSouth Australiain recent years, the region
already experienced its maximunoperational demand at around 7.30 pm (local time) in the summer of
201718 and the peakis expected to continue occurring around this timein future.

24 Maximum demand in this reportis the maximum amount of power consumed at anyone time in a year. It is measured in megawatts (MW) and averaged
over a 30-minute period.

“Underlying demand is the energy used by end consumers, f premisesgsuthraer the grid
rooftop PV or battery storage.
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Table 2 Rooftop PV contribution to underlying and operational maximum demand in South Australia

Year Rooftop PV Time of underlying Rooftop PV Time of operational
contribution to maximum demand contribution to maximum demand
underlying maximum (local time) operational maximum (local time)
demand (MW) demand (MW)

2014-15

2016-17
2017-18

Forecast operational maximum demand

Maximum operational demand will continue to be experienced in summer and is expected to be higher due
to growth drivers for business load,as well asthe expectation that maximumoperational demand, on the
balance of probability, will peak tw late in the day for additional rooftop PV to have a substantialimpact
offsetting growth in grid demand.

Figure 5shows historical summer maximum demand actuals since 20080, and 10%, 50%, and 90% POE
forecasts from the 2018 and 2017 NEM ESG(Neutral scenario).

Figure 5 Summer operational maximum demand  (sent out) actual and forecast for South Australia
2009-10 to 2028-29 (Neutral s cenario )
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The forecast trend differs from that in the 2017 ESOO, due to changes to the forecast impact of energy
efficiency on air-conditioner load at time of maximum demand. In addition, the rapid growth of rooftop PV
obsened in the last year, above what was forecast in 2017, has brought forward the point where rooftop RY/
forecast to have a limitedcontribution to the peak by 3-4 years.

© AEMO 2018| South Australian Electricity Report 21



Figure6s hows the same historical and forecast period
in winter. The 2016 calendar year winter peak was driven by very cold temperatureshile 2017 had much
milder weather. Calibrating the model withthe latest year of data shifted the forecast values down in 2018.
Figure 6

Winter operational maximum demand actual and forecast for South Australia

(Neutral scenario )

, 2010 to 2028

3,500 -

Winter operational maximum demand (MW

2010
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2014
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2016
2017
2018
2019
2020
2021
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2024
2025
2026
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2028

Winter
50% P OE (2018 Neutral)

10% POE (2018 Neutral) 90% P OE (2018 Neutral) ¢ Actuals*

— — —10% POE (2017 Neutral) 50% P OE (2017 Neutral) 90% P OE (2017 Neutral)

* Actual values are estimates sourced from the 2018 ESOO which are subject to change and are hence different to thogeer?2017 SAAF
reports.

Demand -side participation (DSP)

An alternative to adding grid generation to help meet the maximum operational demand isto seek resources
on the demand side.

Consumption may be reducedvoluntarily 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 aggregatorsvhich have signed up loads to reduce at different price levels, to
provide price hedging in the market.

DSP reflects the capability of demaneside resources (customer load reductions or generation from
customer s 0 epematoms)dodesute agperational demand at times of high wholesale prices or
emerging reliability issues. DSP captures direct response by industrial users and consumer response through
programs run by retailers, DSP aggregators, or network service providers

The estimated level of DSP availablen South Australiafor summer 201718 and winter 2018 is shown ifable

3 below. It reflects the observed 50%4°OEDSP resource response to different wholesale price levels in recent
years. Reliability response DSP estimates are also included, referring to situations where additional DSP is
observed in response to a Lack of Reserviet OR)notice (LOR2 or LORS3) being issued®.

26 see National Electricity Rules, rule 4.8.4 for definitions
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Note that:

=

Typical response at time of maximum demand by any embedded generators is captured as part of
AEMO®&s f or e c a sstheduledrgensratianland ismxalnded from the DSP estimates below.

=

Actual responses vary significantly from ocasion to occasion and the amount of time these resources
may be reduced or removed from service to lower demand may also vary

Table 3shows the estimated cumudtive price response is 2 MW for South Australia when prices exceed $500
per megawatt hour (MWh), and 5 MW when prices exceed $800/MWh. However, ifLOR conditions are
declared, the total DSP response is estimated to be 6 MVih South Australi&’.

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

Trigger Summer 2017 -18 (MW) Winter 2018 (MW)

>$300 / MWh 1 1

>$500 / MWh 2 2
>$5,000 / MWh 5 5
>$7,500 / MWh or in response to LOR notices 6 6

* Reliability response referdo situations where a Lack of Reserve notice (LORor LOR3) is issued.

The current average level oDSPfrom larger customers is relatively small, noting there are times where
response can be significant. Additional DSP ,isowever, available through the ARENA/AEMO DSP program,
which can be triggered through the Reliability and Emergency Reserve TradeRERTprocess as discussed in
Section7.2.1

3.1.3 Operational minimum demand

Operational minimum demand® generally occurs in summer in South Australiaypically during weekends or
public holidays. Although underlying demand is higher in summer, rooftop PV provides a higher contribution
to offset grid demand. As instdled rooftop PV capacity increass, minimum demand has been declining.

AEMO forecastsminimum operational demand becauselow operational demand introduces operational
challenges for balancing the power systemThe proposed new interconnector betweenSouth Australiaand
New South Wales and increased aggregation/central ceordination of DER would help mitigate these risks
(refer to Section7 and Section8 for details on current programs of work to address these challenges)

Figure 7shows the 90% POE forecast8 for South Australian minimum demand. Key insights include:

=

South Australia is the first NEM region in which high rooftop PV penetration caused minimum demand to
shift from overnight to near midday, in 201213.

=

Since 201213,annual minimum demand has decreased as rooftop PV capacity increased.

Minimum operation demand (sentout) in 201718 was645.6 MW and occurred at 1:30pm on
5 November 2017.

==

In recent years South Australia has experiencedelatively warm summers. If SouttAustralia was to
experience the cold summers it did in 2002 or 2005, the mild temperatures coupled with installed PV
capacity could producesignificantly lower minimum demand values than seemecently.

27 The capacitiesibted exclude any DSP procured through the Reliability and Emergency Reserve Trader (RERT) process, including the joint RgPam by
ARENA and AEMO

28 Minimum demand in this report is the lowest amount of power consumed at any one time in a year. It is reasured in megawatts (MW) and averaged over
a 30-minute period.

2 Like a 10% POE maximum demand forecast, this is expected to be met or exceeded only one year in 10.
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1 AsFigure 7shows, AEMO forecasts negative minimum deand for the region under certain conditions by
2023-24. For 90% POE minimum demand days, continued uptake of rooftop PV is forecast to offset 100%
of demand in South Australia during the middle of the day.

Figure 7 Minimum demand actual and forecasts for South Australia ( Neutral scenario )
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AEMO has only recently startedorecasting minimum demandand is still improving the accuracy ofits
forecasts.This includes understanding changing behaviour of consumption of households that install PV
systems today in comparison with those whch installed PV systemswvhen there were significant feedin
tariffs. Similarly, SAPNhas been moving hot water load to the middle of the day (see next section) which
could have &fected results. AEMO will seek to capture these aspects better in future forecasts.

32 Daily demand profiles

The average daily demand profiles represent the demand, in megawatts (MW), for each Binute 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 smalscale renewable generation
and demand side management. Only South Aus#lian workdays are included in the analysis. Weekends and
gazetted public holidays are excluded.

Summer

Figure 8shows the South Australian average workday demand profile for summer 20134 to 201718.
Average summer demand yearon-year has been generally declining in daylight hours, due to increasing
rooftop PV generation following a continual growth in installations (along with overall energy efficiency
gains).
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Figure 8 Summer workday average demand profiles
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Seasonal hot weather still plays a large role in shaping overall demand. For example, in 2aigAdelaide
experienced heatwaves and recorébreaking daytime temperatures which led to a much higher average
demand over the summer period than in the adjacent years.

Another noticeable feature in the demand profile is the sharp uptick from 11:30 piNEM time®°), due to the
controlled switching of electric hot waterstorage systems.SAPNhasbeen moving some of the hot water
systems away from the nighttime timer setting to turn on during mid -day instead.Additional residential
customer hot water loads may hae been moved by retailers as smart meters are being installedhis has
lowered the observed night time peak and reduced the drop in midday demand.

Winter
Figure 9shows the South Australian average winter workday demand profile for winter 20484 to 201718.

A noticeable morning peak is followed by an evening peak in winter, reflecting a combination of demand

increases as the workday commences/ends. Reduced grittmand is observed in the daylight hours, due to

the increased output of rooftop PV. Evening peaks can be attributed to continual demand from the grid
mainly for domestic heating.

30 NEM time, or market time, is defined as Australian Eastern Standard Time (AE®Th no daylight savings applied
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Figure 9

Winter workday average demand profiles
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4. Existing and committed
supply

The generation capacity mixin South Australiahas continued to evolve with an overall
increase of 146 of total installed capacity?* in 201718 compared with the previous year
mainly due to an increase in wind, rooftop PVand diesel generation and large-scale
battery storage at Hornsdale Power ReservéHPR)

Generation increased by 27%despite a slight reduction in operational consumption,
resulting in less reliance on imports and more exportsand wastaken up in relatively equal
proportion by South Australian consumption and export via the interconnectors.The
201718financial yearmarked the first time innine yearsthat South Australiawasa net
exporter of electricity. Overall the proportion of contribution from different generation
sourceshas remained similar to the previous year, with over 50% coming from gas.

Approximately 700 MW of new generation and storage capacity is committed in South
Australia,as of 31July 2018comprising wind, solar, gasand battery storage projects.

41 Hi st eraipaxlidgdenearmnat i on

41.1 Historical capacity

The supply capacity mix in South Australia lacontinued to evolve. As can be seen inTable 4, there have
been increases in the 201718 financial yearin wind, rooftop PV, and dieselinstalled capacity, as wellas new
categoriesfor large-scalebattery storage capacity(the HPR and large-scale solar Bungala One Solar Farm

The overall registered capacityexcluding other non-scheduled generation, but including rooftop PV)
increased14% from 5,436 MW in 20B-17to 6,205 MW in 2017-18.This was driven by a combination othe
increase indiesel and small norscheduled capacity nearly doubling from 289 MW to 562 MW (primarily due
to temporary diesel generation) increase in windcapacityfrom 1,698 MW to 1,809 MW({from starting the
operation of Hornsdale Wind Farm Stage 3 increase in rooftop PVcapacity from 781 MW to 930 MW, and
commissioning of Bungala One Solar Farnil10 MW)and the HPRUnit 1 battery(100 MW).

New significant scheduled and semischeduled generators that started operation in 201-718are:
1 Bungala One Solar Farm (110 MW).

1 Hornsdale Wind Farm Stage 3 (112 MW).

1 HPRUNit 1 (100 MW).

1 Temporary GenerationNorth (154 MW).

1 Temporary Generation South (123.2 MW).

31 Registered capacity, excluding other norscheduled generation, but including rooftop PV.
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Table 4 South Australian registered capacity and local generation by energy source in 2017 -18

Registered capacity Electricity generated
Energy source
2,668 43.0% 7,272 51.3%
1,809 29.2% 5,536 39.0%
0 0.0% 0 0.0%
Diesel + small non -scheduled 562 9.1% 190 1.3%

generation (SNSQ*

930 15.0% 1,162 8.2%
6,205 100% 14,186 100%

* Diesel + SNSG includes small and large diesel, small landfill methane, hydro generating systearsd PV non-scheduled generation
(PVNSQG. After an improvement in the estimation for actual PVNSG installation data based on updatedERinformation and as used
during the production of the 2018ESOQ PVNSG (and hence SNSG) generation data has changed from what was previously reported in
the 2017 SAAF reports.

** Rooftop PV installations are not registered with AEMO but are included here given their material caittution to generation. Rooftop

PV capacity and generation estimates as listed build on those presented in th®28 NEM ESOO forecasts.

*»**p|l ar category was added i nnewldrge-scalg mlargedestors ia this category suchaungala @rte f or
Solar Farm.
***x Storage category was added in this ye adaléRowar Regeove Batteryo account f ¢

42 Hi stogemer@ati on

Figure 10shows the location, nameplate capacity, and energy source of registered operational generators in
South Australia (all scheduled, semscheduled, and significant norscheduled generators used in operational
reporting). More details of existing generators can be found irthe supporting data pack
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Figure 10
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Composition of generation

Figure 11shows the mix of energy generated in South Australia by fuel type from 203 14to 201718 from:
91 All scheduled generators

1 All semischeduled and market norscheduled wind farms

91 Selected smaller market and normarket non-scheduled generators (SNSG)

T Rooftop PV (as esi8E®@)ed in AEMOds 20

The figure reflects local generation market share. No adjustments are considered for imports or exports
across the interconnectors with Victoria

Figure 11  South Australian energy generation by fuel type
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Table 5expands on the data inFigure 11focusing primarily on the differencesbetween 201617 and 201718,
and including interconnector flow metrics.

Overall South Australian consumption remained flat between 2617 and 20718, however Sout h Al
generation in 2018increasedby 27%. This increase in generation has been split between locase and export,

reversing the trend from the past which sawSouth Australiaincreasng its imports since 201112 After the

retirement of Hazelwood Power Stationin Victoria, the intercomector flows in 201718were more balanced

between exports with South Australiabecoming a net exporter to Victoria. Sections provides further insights

on interconnector changes.

Generation by fuel type has increased to various degrees betwee?01617 and 21718 from 15.5% for
rooftop PV to 29.9% for gas,however, the relative contribution of different fuel sourceswithin the total
generation mix has stayed close ta2016 17values More than 50% of South Australian generatioris coming
from gas-powered generation (GPQ, with coal retirements and system security requirements continuing to
af fect gas dPelicanrPkirg and Gshaine PG plants saw the largest increases in capacity factor
between 201617 and 201718 with Pelican Point returning to ful service Rooftop PValso saw large increases
in installed capacity, particularly in the commercial sector, with new wind capacity and battery storage also
contributing to increased generation.
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Table 5 South Australian electricity supply by fuel type (GWh), comparing 2016 -17 to 2017-18

Local generation 2016-17 Percentage 2017-18 Percentage Change Percentage
by fuel type (GWh) share (%) (GWh) share (%) (GWh) change (%)

5,596 7,272 . 1,676
4,343 39.1 5,536 39.0 1193 27.5
0 0.0 0 0.0 0 0.0
153 1.4 190 1.3 37 22.2
1,006 9.1 1,162 8.2 156 15.5
11,098 100.0 14,186 100.0 3,088 27.8
2,725 -292 -3,017 -111.0
imports
2,889 1,039 -1850 -64.0
164 1331 1167 712.0

Wind generation summary

South Australia has the highest registered wind generation capacity of any NEM regiomable 6shows the
total capacity for all South Australian semischeduled and nonscheduled wind farms registered with AEMO,
with the maximum 5-minute generation output, from 201314 to 201¢18 and information on installed wind
capacityand maximum 5 minute generation.

Table 6  Total South Australian wind generation  and capacity

Financial Annual wind Annual Annual Registered Reason for increase Maximum
year generation change in capacity capacity in capacity five -minute

(GWh) wind factor* (%) (MW) ** generation
generation (%) (MW) **

2013-14 4,088 - 32 1,473 NA 1,325

4,223 3 33 1,473 NA 1,365

2015-16 4,322 2 31 1,576 Hornsdale Stage 1 1,384
(102.4MW)

2016-17 4,343 0 29 1,697 Hornsdale Stage 2 1,546
(102.4MW), Waterloo
expansion(19.8MW)

2017-18 5,536 27 35 1,809 Hornsdale Stage 3 1,618
(112MW)

*Capacity factor is based on the annual generation in this table compared to theoretical maximum possibéssuming the annual capacity
reported.
** Data is captured from when each wind farm was entered into AEMO systems and includes the commissioning period.
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From Table 6, it can be observed that:

9 Although installed capacity increased from 20147 to 201718, wind generation increasedy an even
greater amount, hence the annual capacity factor for wind increased from 2% to 35%. This was
underpinned by increases across athe wind fleet in the state.

1 Hornsdale Wind Farm Stage 3 (112 MW) was registered in 2018.

43 Historical typical day dispatctl

The average daily supply profile for Saith Australia, seen inFigure 12 represents the supply (in MW) for each
30-minute trading interval of a day, averaged over the 201-18 financial year.

Figure 12 Average daily supply profile  averaged for the 2017 -18 financial year
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The figure displays the average mix of generation dispatched on an average day, split between wind, thermal
(gas and diesel), and combined interconnector flows. Rooftop PV is displayed above the demand curve and
shows the underlying energy that is consuraed at the household level.

Figure 12 shows that:
1 Average wind output is slightly higher during the evening and early morning periods, complementing
average rooftop PV generation, which produces most of its output between 8.00 am and 6.00 pm.

1 Scheduledgeneration contributed the most to the daily profile, providing the requisite energy when
necessitated by higher demand or when other generation sources were low.
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1 The average price correlates closely with average demand, particularly in the early morningurs. Price
peaks in the evening are in line with increases in demand from residential loads.

1 Interconnector imports mainly occurredin the off-peak periods when solar was not operational.

44 Propasheadhges to supply

44.1 Summary of existing and proposed generabn

The nameplate capacity of existing or withdrawn generation, and committed or proposed projects, in South
Australia is $iown by energy source inTable 7. Thisincludes scheduled, semischeduled, and norrscheduled
generation information, based on AEMOd&s J&#ly 2018 genece

Table 7 Capacity of existing or withdrawn generation, and committed or proposed projects (MW) as at 31
July 2018

Status CCGT OCGT Gas Solar Wind Water Biomass Storage Other Total
other okk
662.5 1198.0 1280.0 121.6 1809.5 3.9 0. 100.0 144.7 5340.6

Announced - - 480.0 - - - - - - 480.0
withdrawal

Existing less 662.5 1198.0 800.0 121.6 1809.5 3.9 20.5 100.0 1447 4860.6
announced
withdrawal

- - 210.0 218.0 251.0 - - 30.0° - 709.0

- 2387.5 3329.8 755.0 15.0 488.0 30.0 7674.3

- ) ) - - - ) - - 00

* Existing includes announced withdrawal

** CCGT:Combined-cycle gas turbine.

*** QCGT: Opencycle gas turbine.

**** Solar is large-scale solar andexcludes rooftop PV installations

#E1 ect r a NeMdsBat®y Btdvage systemat Dalrymple is now operational.

4.4.2 Generation capacity for the year ahead

Table 8shows scheduled, semicheduled, and significant norscheduled generation available capacity and
estimated firm capacity for summer 201819 and winter 2019 The figures are provided bymarket participants.
Differences in scheduled and semscheduled generation available capacity between seasons arise from
seasonal temperature variations.

In general, summer available capacity for thermal generators is lower thawinter, due to higher thermal
generation efficiencies at cooler ambient temperatures.

32 The total South Australian capacity of 6,205 MW iiTable 4 in Section 4.1.1 is higher than shown here because a) it includes rooftop Rpacity and
additional small non-scheduled generation, and b) it reports the originally registered capacity, not the current nameplate capacity as in Table 7.
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Table 8 Scheduled, semi -scheduled , and significant non -scheduled generation available capacity
(MW) (MW)
Gas 2,520 2,696

* Coal generation is permanently withdrawn from the marketind is therefore excluded from this table
** Significant non-scheduled wind farms do not provide 10year availability forecasts to AEMO, therefore available capacities are based
on nameplate rating.

443 Committed supply developments

As of 31 July 2018, 218 MV of new solar generationprojects and approximately 251 MW of new wind
generation projects are committed in South Australia:

=

Bungala Two Solar Farm (110 MWjue to be operational by November 2018%.

Tailem Bend Solar Farnf108 MW)due to be operational by Winter 2019

Lincoln Gap Wind Farm Stage 1 (126 MWlue to be operational by April 2019
Willogoleche Wind Farm (95 MWto 125 MW)due to be operational by October 2018°.

=A =A =4

In addition to the committed solar and wind generation projeds mentioned above, there are also canmitted
projects focusing on rapid-start gas technology and battery storage:

9 Barker Inlet Power Station (210 MW#lue to be operational by August 2019 is expected tobe capable of
operating at full capacity within fiveminutes.

1 ESCRI Dalrymple Battery Storage (3@W / 8 MWh)®6,

Commentary on publicly announced and other future generation is presented in SectioB.3.

45 Emi ssions intensity

Annual NEM emissions for the201718 financial year were the lowest on record, in terms of both absolute
emissions and emissions intensiy. Drivers behind the downward trend in annuaNEM emissions include the
closure of Hazelwood Power Station and increased renewable generatiéh

33 Date based on latest AEMO Generation Information Page at time of writing. A more recent versionay be available by time of publication at
https://www.aemo.com.au/Electricity/Nationai Electricity Market- NEM/Planning and-forecasting/Generationr information.

34 Considered committed at time of publication.
35 Considered committed at time of publication.
36 Considered operational at time of publication.

37 Seehttp://www.aemo.com.au/Electricity/Nationat Electricity Market- NEM/Settlements and-payments/Settliements/Carbon Dioxide- Equivalent Intensity-
Index.

38 AEMO Quarterly Energy Dynamicd Q2 2018 available athttps://www.aemo.com.au//media/Files/Media_Centre/2018/QEBQ2-2018.pdf
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In South Australia, @ can be seenin in Figure 13 the emissions from generationin 201718increased
compared to 201617,due to an absolute increase in regional generationhowever, the emissions intensity of
the grid reduced by 696

1 Higher emissions were a function ofricreased local GPG, particularly at Pelican Point which returned to
full capacity in early 2017.

1 The continued decline in emissions intensity reflects increased wind penetration in the region.

Figure 13  South Australia n annual emissions and emissions intensity
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39 Seehttp://www.aemo.com.au/Electricity/Nationak Electricity Market-NEM/Settlements and-payments/Settlements/Carbon Dioxide- Equivalent Intensity-
Index.

© AEMO 2018| South Australian Electricity Report 35


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

5. Transmission
inferconnectors

South Australia is connected to the rest othe NEM via two interconnectorsHeywood and
Murraylink. While imports to South Australia have been growingover the past nine years
in 2018 the trend was reversedand South Australiawas a net exporter.

Following completion of testing, an increase in transfecapacity on Heywood from Victoria
to South Australiais expectedin late 2018. Murraylink is also undergoing work to reduce
congestion for summer readinesswith the New South WalesMurraylink Runback scheme
expected to be in service from late 2018emoving some congestion on that link

The ISP identified the need for upgrades and a new interconnector betweefouth
Australiaand New South Walesto help use resources more effi@ntly between South
Australia New South Wales, and Victoriand help mitigate power system security risks

51 Hi st ompoalt s and exports

South Australia currentlyimports and exports powerto the rest of the NEM through two interconnectorsd
Heywood and Murraylink:

1 The Heywoodinterconnector representsthe 275 kilovolt (kV) lines between Heywood substation in
Victoria and South East substation in South Australia. This interconnector was originally commissioned in
1989 and was upgraded in 201516 to a nominal design limit of up to 650MW in either direction of flow.

To realise this capacity, a testing progranmust be completed to verify stability limits. This isexpected to
be completed in late 2018

1 Murraylink is the direct current (DC) cable between Red Cliffs in Victoria and Monash in South Australia. It
is a 220MW DC cable that was commissioned in 2002.

Figure 14shows the totalactual interconnector imports and exports for South Australia from 20089 to
201718 Total interconnector imports from Victoria to South Australia decreased significantly while total
exports increased significantly between 20167 and 201718. This causd South Australia to bea net exporter
of electricity for the first time in the past 10 years. As already discussedis change is driven by the continued
increase in wind and solar generation in South Australia anthe decrease of coalfired generation in Victoria

foll owing Hazel wood Power Stationds closure at the enc
In Figure 14:

1 The orange column bars above the 0 GWh line ¢axis) shows the annual energy imported into South
Australia from Victoria. From 200809 to 201617, there has ben a steady increase in annual imports from
Victoria to South Australia. In 201-18, the average annual import decreased to almost on¢hird of the
annual imports in 201617

1 The yellow bar below the line shows the energy exported from South Australia toistoria. Over the past
10 yearsthe highest annual export is observed in 201718
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Figure 14  Total interconnector imports and exports
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Figure 15shows the annual flow patterns for combined interconnector imports (from Victoria to South
Australia),averaged by the time of day (vith times expressed in NEM timg

Figure 15 Combined interconnector  daily 5 -minute average flow
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The figure shows that, on average, both interconnectors tended to export electricity, except during early

off-peak hours (hour 00:00 to 03:00, 23:00) and peak hours (hour 18:00 to 22:00), where they tended to

import electricity. On average the highest combined interconnector import was between 6:00 pm and

10:00pm and exports between 2:00 am and 7:00 and coinciding with the peaks and troughs inSouth

Australiandemand. The sudden dip and subsequent spike in imports occurring around 11:30 pm to midnight

is caused by-peuwtkodmaetlieedc tarafcf hot water systems in South

52 Progress ofupggrmmadani ecsti on

To facilitate better sharing of reserves at times of low renewable generation and better export opportunities
at times of high renewable generation, South Australia will benefit from stronger interconnection to
neighbouring regions.

A series ofupgrades and new projects are in progress:
1 Heywood:

0 Increasethe rating of the interconnector in the direction from Victoria to South Australiafrom 600 MW
to 650 MW (following completion of testing expectedy in late 2018).

0 Implement an over-frequency generator shedding scheme by ElectraNet, which when tested is
expected to lift the transfer limitin the direction from South Australia to Victoriafrom 500 MW to
550 MW (by the end of 2019).

1 Murraylink:

0 The NSW Murraylink Runback scheme (expected to be service from late 2018)will reduce the risk of
voltage collapse and network issues in southern New South Walésnormally associaed with high
demand conditonsds o0 t hat a stability constr aiMictoriadocSeuhn 6t | i
Australia. This will improve the ability to access the full capacity dhe Murraylink interconnector.

1 Proposed build of New South Wales interconnector with South Australjavhich is in theinvestment test
phase®”,

40 Seehttps:// www.electranet.com.au/projects/southaustralian-energy-transformation/ for more information.
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6. Electricity spot price

With increased availabity and operation of GPGand increased renewablegeneration,
time-weighted average wholesaleprices in South Australia decreased in real terms
between 201617 and 201718and price volatility was reduced

FCAS prices were also lower than 20457 levels.

6.1 H storical whol esal e el ectricit

Table 9shows that in 201718, the timeweighted average price (TWAP) was $98.10/MWh, an 11% decrease in
real terms from the previous financial year average.
Contributors to the price reduction included:

1 Increased supplyd Pelican Pointcombined-cycle gas turbine(CCGTY returned to full service (from partial
mothballing) in April 2017, resulting in average 20178 output increasing to 309 MW (from 135 MW in
201617). In addition, increased availahiji of Osborne Power Station enabled it to increase its average
output by 40 MW.

1 Reduced price volatilityd see Section 6.11for more detail.

Compared to other regions, South Australia remains the highest priced region in the NEM

Table 9 2017-18 time -weighted average prices for the NEM ( nominal)

Time-weighted 72.87 82.27 92.33 98.10 86.98

average

The volumeweighted average price (VWAP) by fuel type represents the average price received by each fuel
technology. Higher operation during high-priced periods will result in a higher VWAP, and as a relative
percentage to the TWAP, as shown ifrigure 16 the following is observed:

1 Gas VWAP remained above the TWAP, reflecting the tendency for gas generators to operate during high
priced events and operat less (or cyct offline) during low prices.

1 Wind VWAP remained below the TWAP, as high wind generation, typically bid at low prices, tends to drive
down the wholesale price. Also, average wind generation tends to be higher during overnight periods,
which is also when denand, and prices, aretypically low.

1 In 201718 the ratio between TWAP and VWAP for wind and gas have moved closer together than in
201617 indicating a reduction in price volatility.
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Figure 16 Ratio of VWAP by fuel to total TWAP
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6.1.1 Price volatility

In 201718,there were fewer occurrences of both negative prices and prices above $300/MWh than in
201617. The folbwing points outline noticeable changes over 201718:

1 Negative prices occurred 0.8% of the time, down from 1.7% in 20467, representing the lowesthumber of
negative price periods since 20134. Negative prices typically occurred during periods of high wind
output, low demand, and when thermal plants typically bid below operating costs to maintain generation
volumes at or above minimum stable levelsSection 6.4.1provides further details on negativeprice
periods.

1 Prices exceeded $300/MWh 0.7% of the time in 201¥8, a significant decrease from 20167 (where pices
exceeded $300/MWh 2.3% of the time). Contributors to this reduction included:

0 Increased supply particularly from Pelican Point and Osborne power stations.

0 A reduction in high demand periods. In 201718 South Australian operational demand exceeded
2,500 MW 0.47% of the time, representing a 25% decrease on 20457 levels. Thisvasdespite summer
temperatures in Adelaide being warmer in 201718 than 201617, suggesting thatrooftop PV
installations contributed to lower relative operational demand levels

91 Occurrence of prices in the $625/MWh and the $25-50/MWh bands continued to reduce, with
corresponding increases in the $5075/MWh and $75-100/MWh bands. This reflects changes in the
marginal cost of generation following retirement of coal in both SouthAustralia and Victoria

South Australia has experienced varying levels of electricity spot price volatility throughout its participation in
the NEM. Thiscan be shown by the frequency of spot price occurrence in different pricing bands, as seen in
Figure 17
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Figure 17  Frequency of occurrence of spot prices for South Australia
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6.2.1 South Australian energy and price trends

Historical average edctricity and gas price trends are shown irFigure 18 Both electricity and gas prices have
fluctuated each year, following a similar trend to each other. This deonstrates the interrelationship between
the two, given the relatively large roleof GPGin the South Australian energy mix.

Between 201617 and 201718 average electricity TWAP and gas prices both decreased in South Australia by
approximately 9-10%.

Figure 18 South Australian electricity prices relative to gas prices
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6.2.2 Gas spotprice impact on electricity spot prices

In all NEM regions (except Victorig)GPG set the electricity spot price less frequently in 20418 than in
201617, with hydro generation playing an increasing role in 2018.

Overall, GPG demand for gas in 20118 was slightly higher than in 20287. Higher NEM prices following the
closure of Hazelwood in March 2017 resulted in a substantial increase in GPG damd for gas in the first half

of 201718. However, in the second half of 20178, increased hydro and variable renewable generation has
contributed to reduced GPG demand.

Gas pices were lower across all wholesale gas markets for 20618, compared to thesame period a year
earlier. This coincided with increased Queensland supply and record Longford output in 2017.

6.2.3 Spot prices and wind generation

Market prices are not typically set by wind generators, except during periods of high wind and low demand.
However, the volume of wind generation online does reduce the need for conventional thermal generation,
influencing spot prices even if not setting them by being the marginal generator

Figure 19shows spot prices for the South Australian region and the corresponding average wind generation
levels for each 30minute dispatch interval for 201718. Key points include:

1 75% of prices above $1,000/MWh occurred when wind gemation was lower than 400 MW.

1 87% of the negative price occurred when wind generation was greater than 1,000 MW.

Figure 19  South Australian 30 -minute spot prices and average wind generation for 2017 -18
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6.3 Frequency control ancillary

In the NEM, generation and demand are balanced through the central dispatch process for both energy and
FCAS. FCAS is a market mechanism that uses generation or load to correct the imbalances between supply
and demand in real time*.

During 201718, South Austalian FCAS prices decreased from the record levels of 2016 Eigure 20,
primarily in the RegulationFCASmarkets.

Figure 20 Quarterly average South Australian FCAS prices by service
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Drivers of reduced Regulation FCAS prices included:

1 The35 MW FCAS constrairi? binding less frequentlyd in 201718 the FCAS constraint was binding for
49.5 hours, down from 646 hours in 2016L7.The high frequency of constraint bindhg hours in 201617
was primarily due to outages during the Heywood upgrade. In 201718,Heywood spentless time as a
single lineand hence less time on a credible contingency.

1 Additional supply from new technologiesd towards the end of 2017 two participants (HPR and EnerNOC)
entered the FCAS markets. In the first half of 2018, HPR captured approximately 5% of the NEAde
Regulation FCAS market, displacing highepriced supply from existing technologies (largely coal.

“1Regulation FCAS is enabled to continually correct the generation/demand balance in response to minor deviations in load ormggation. Contingency
FCAS is enablé to correct the generation/demand balance following a major contingency event, such as the loss of a generating unit or majindustrial
load, or a large transmission element. Contingency services are enabled in all periods to cover contingency events,, éne only occasionally used (if the
contingency event actually occurs). There are eight types of FCAS: six types of Contingency FCAS, and two types of Regule@#s, to raise or lower
frequency at different speeds. For more details see AEM@Guide fo arcillary services in the National Electricity Markeévailable atwww.aemo.com.auf
/media/Files/PDF/Guideto-Ancillary- Servicesin-the-National- Electricity Market.ashx

42 For system security purposes, AEMO requirgbe local procurement of 35 MW of Regulation FCAS in South Australia at times when the separation of the
region at the Heywood interconnector is a credible contingency. Dung these times of local requirements, FCAS prices have been very high due to the
limited number of suppliers of these services.

43 See the AEMOQuarterly Energy Dynamic$ Q1 2018 for more information.
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0 For example,in Q1 2018HPR provided Regulation FCAS to South Australia during the activation of the
35 MW FCAS constraint on 14 January and 8 March 2018. Historically, during the times that this
constraint has bound,Regulation FCAS prices in South Australia have typically exceeded 890/MWh
due to the limited number of suppliers of these services in the region. However, on 14 Janus2918
HPR provided additional supply into FCAS regulation markets, and average Raise and Lower
Regulation prices were $248/MWh during the event. AEMO eshates that this reduced the cost of
regulation services by about $3.5 million during the fivehour period in which the constraint bound*.

1 IncreasedFCASsupply from TIPS3 in 201718, TIPSowered the price of its FCAS offersresulting in
increased enablement. For example, ithe first half of 2018, TIPS increaseits average Raise Regulation
enablement to 19 MW (up from 5 MW in 2017), making up 11% of the NEMide Raise Regulation FCAS
market.

64 Pricing events

A summar y spublishedpdng eventd® for South Australia for the last three finacial years is given
in Table 10

There has been a material decrease in the quantity of prieg event reportsin 201718 compared to
201617. The reason for this decrease is twofold:

1 A change in reporting method hasfavoured publishing events intable form*® as opposed to event report
form, to reduce publication delays

1 An increase inmarket directions has reduced the number of pricing events reported through this method

Tablel0 Summary of AEMOG6s published pricing events for South A

Reporting criteria*

Spot price Spot price FCAS price
> $2000/MWh < -$100/MWh > $300/MWh

Number of reported  events, 2015 -16 38 7

Number of reported events, 2016  -17** 35 12 54

Number of reported events, 2017 -18 2 3 5

* Some of these spot price and FCAS price events occurred at the same time and are counted as a single reported event inttiel
number of reported events noted above.
** The change in thresholds occurred in December 2016.

6.4.1 Frequency of negative pricing events

Figure 21shows the count of negative South Australian market prices from 20008 to 201718. In 201718
there were 139 negative priced 3@minute trading intervals, lower than the previous three years. In general,
negative prices have occurred due to generating uiicommitment decisions to maintain generation at
minimum levels, rather than shutting down, during lower operational demand and high wind generation
conditions.

Key points relating to the reduction in negative price periods in 20148 included:

9 Shifting generator commitment decisionsd in 201718 there was a shift in generator behaviour, with South
Australian GPG units often decommitting from the market during conditions that could lead to negative
or low prices (such as coincident high wind output and lav demand). This is one of the key drivers of

4“4 AEMO 2018 Quarterly Energy Dynamic$ Q1 2018, atvww.aemo.com.au/MediaCentre/AEMO-publishes Quarter-Energy Dynamics-- Q12018

45 Seehttps://www.aemo.com.au/Electricity/Nationai Electricity Market-NEM/Market-notices-and-events/Pricing event-reports.

46 Seehttps://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/Pricifigvent Reports/Prichg- Event Report- Summary.xlsx
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reduced incidence of negative pricing.The retirement of Hazelwood and corresponding increase in South
Australian exports to Victoria during periods of low demand were also contributorsThe shift in generator
behaviour has coincided with AEMO introducing new system strength measures (minimum combinations
of synchronous generatorsj’ to maintain system strength in the second half of 2017. Se®ection7 for
further information on system strength and othersystemsecurityissues

1 The reduction in negative price periods has occurred despite a large increase in the periods in which
operational demand less South Australian winautput has been below zero. In 201718,it was below zero
for 363.3 hours, representing a 162% increase on 201§ levels.

Figure 21  Count of negative price trading intervals per year
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47 AEMO, South Australia System Strength Assessmergeptember 2017, available atttps://www.aemo.com.auk
/media/Files/Media_Centre/2017/South_Australia_System_Strength_Assessmentantf AEMO, Transfer Limit Adviced South Australia System Strength,
December 2017, available atttps://www.aemo.com.aul-/media/Files/Electricity/NEM/Security_and_Relidliy/Congestion-Information/2017/Transfer
Limit-Advice--- South-Australian System Strength.pdf.
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7. Reliability and security
of supply

This section discusses managingeliability and security today in light of the changing
generation mix, and forecast reliability over the next 10 years. The key points are:

1 AEMOis working closely with theSouth Australian Government, ElectraNetand
industry parties to ensure power systm reliability and security in the state.

1 The power system is adapting to decommissioning othermal generation in South
Australiaand Victoria and increasing levels of renewable generation. New flexible
generation and storage units are being builfand FCAS serviceare being provided
from storage and a wind farm.

1 South Australiais forecast to meet the reliability standard in the coming summer, but
there is risk of supply interruptions, both asa result of potential shortfalls inSouth
Australig and potentially due to shortfalls in Victoria, which couldimpact South
Australiadue to the equitable load shedding agreement in place in the NEM.

71 Reliability and security with

Operating a power system requires resources that ¢abe dispatched to ensure supply at any point in time
matches demand.

Other system services are needed to maintain system frequency and voltage around the network within the
defined operating limits under normal operation and to return the system to withn these limits after any
credible contingency.

As the generation mix changes, the way these system services are obtained will have to change“bo

7.1.1 Maintaining frequency and voltage

Traditionally, these system services were generally provided by large syn@nous generators. With the
growth in renewable generation, fewer of these are operating and during period of lower demand and very
high wind and solar generation, synchronous plants may not be required to provide energy at allorecasting
minimum demand is therefore increasingly important for AEMO.

During periods with low demand, AEMO may issue directions to keep synchronous plant operatingprimarily
for system strength reasns. This mayincrease costdf that means constraining off renewable generation
Further discussion on directions is presented in Section.2.4

For South Australia, alternatives are being considered and progressed as discussed in the follogvgections.
This includes improving interconnection to neighbouring regions, commissioning synchronous condensers to

“8 AEMO, Power System RequirementdMarch 2018, available albttps://www.aemo.com.auk/media/Files/Electricity/NEM/Security_and_Reliability/Power
systemrequirements.pdf
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help maintain voltage and frequency, and haing contingency frequency reservesprovided by battery or
renewable generators.

7.1.2 Dealing with variability of generation

With the growth in solar and wind generating capacity comes increased variality of the generation output.
This needs to be managed. For exampleas illustrated inFigure 22below, near sunset, when PV generation
declines and demand is rising towards its evening peak, there can kan increasedneed for ramping up
supply from other sources.

Figure 22 Generation/ demand mix in South Australia for Sunday 23 July 2017
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To deal with the significant ramping events, flexible technologies are needed to continuously be able to
match supply and demand. Suitable technologies include fasstart gas engines and storage (pumped storage
or battery). It may also bepossible to alter demand to match supply though DSP.

To ensure sufficient flexible resources (whether generation, demand sigder storage) are available to ramp
when required, it is critical to haveaccurateforecasts of these events ahead of when the resources are
needed. Forecast accuracy can be improvethrough increased visibility of the number, type and location of
DERand though use of advanced weather forecasting models.

7.2 Managing relimabylitoydand secur

Summer 201718 wasthe second-warmest summer on record nationally. All NEM regions experienced
prolonged widespread warm weather and had mean temperatures among thd Owarmest on record. This
warmer than average weather posed challenges from hitn increased demand and risks of failure of
generation and transmission assets.
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The supplymargin was tight over summer201718in Victoria and South Australia. The projected risks of load
shedding in these two regions were managed in accordance witih E M Osiramer operations plan*. In the
highest risk periods which materialised during summer for these two regions (late November 2017 and
January 2018), additional reserves were procured, which were sufficient to be able to manage at least one
large generation contingency without the need to interrupt customer load.

A E M Osiramer operationsplan objectives wereachieved through:

1 Increasing the generation and demand resources in the NEM before summer
1 Increasing availability of generation

1 Maximising transnission network availability

1 Implementing operational improvements and etensive contingency planning

9 Collaboration and communication across AEMO, the energy industry, and federal and state governments

In South Australig the total additional resourcesmade available as part olsummer operationsfor the 201718
summer were

1 240 MW of additional generation at Pelican Point
1 170 MWoff-market temporary diesel generationthrough RERT

1 26 MW of demand responselargely through the joint demand response pilot program operated by AEMO
and ARENA.

The total additional resourcesmade available for summer 201718 for the entire NEM are detailed irFigure
23 and Table 11

Figure 23 Total additional resources made available in summer 2017 -18 (MW, by region)
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“YAEMOOG s s u miBeperatifs teports are available abttps://www.aemo.com.au/Electricity/Nationat Electricity Market-NEM/Securityand-
reliability/Summer-operations-report/Summer-operations-report-201718
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Table 11 Total additional resources made available in summer 2017 -18 as part of summer readiness

_ Comparison ° plan

Market generation Pelican Point Power Station, South 240 MW Same

Australia

Market generation Swanbank E Power Station, 385 MW Same
Queensland

Market generation Tamar Valley Power StatiolCCGT, 208 MW Same
Tasmania

_ Total market generation resources 833 MW Same
AEMO/ARENA trial 141 MW -2 MW
Other tendered demand resources 726 MW - 15 MW
_ Total RERT demand resources 867 MW - 17 MW

RERT generation South Australia temporarydiesel 170 MW Same (nominal capacity was
generators 277 MW)
Victoria diesel generators 104 MW + 8 MW (confirmed and
increased after report
publication)
_ Total RERT generation resources 274 MW +8 MW
_ Total RERT (off -market) reserves 1,141 MW + 87 MW
_ Total additional resources 1,974 MW + 87 MW

Fr om A BM@ers201718 Operations Revieyat https://www.aemo.com.au/Electricity/National Electricity Market- NEM/Security
and-reliability/Summer-operations-report/Summer-operations-report-201718

7.2.1 RERT fosummer201%18

Under the 201718 summer readiness program, these RERT reserves were procured:

1 RERT procurement of RERT by AEMO (long notice, medium notice, and short notice) from generation and
demand response for the period 1 November 2017 to 31 March 2018; and

1 AEMO/ARENA demand response pilot progran®d procurement of demand response reservesttat would sit
within the RERT framework (short notice). The program is for three years and began on 1 December 2017.

Before summer, AEMO estimated the total cost of these
of summer 201718 found the total cost to have the reserves on call and to activate RERT twice was

$51.26million%°. This equates to an annual average of less than $6.00 (about 0.3% of an average household

bill) per household bill. Following the end of the 201718 financial year, the costbave beenupdated to

account for the full costs of RER/Tleading to a minor changeas summarised inTable 12below®,

50 Seehttps://www.aemo.com.au/Electricity/National Electricity Market- NEM/Security and-reliability/Summer-operations-report.
51 Seehttps://www.aemo.com.aukt/media/Files/Electricity/NEM/Security_and_Reliability/RERIpdate--- cost-of-RERT201718.pdf.
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Table 12 NEM-wide RERT costs associated with 2017 - 18 financial year ($ million)

Availability Pre-activation Activation costs Other costs A Total costs B
payments costs

RERT costs in financial $27.03 $21.56 $3.23 $0.17 $5199
year 2017 -18

A . Other costrepresent compensation paid to Market Participants due to the intervention event (for example, to compensate for
energy generation which is displaced by RERT capacity), and to Eligible Persons due to changes in interconnector flows, aextfore
changesin the value of Settlement Residas.

B. Costs are passed through to Market Customers in the relevant region in accordance with the NER.

AEMO activated RERT twice in summer 2618, on 30 November 2017 (in Victoria) and on 19 January 2018 (in
Victoria and Suth Australia) when consumer supply was at risk due to severe weather conditions. Details of
the mechanismsfor activation of RERTthe review of the 201718summer 201718 and reports on the RERT
events are published inA E M OS8usimer 201718 operationsreview?.

WhileVi ct ori aés summer was war mer fChoecarrechon a Batuglay earlfime hot t
January so the maximum demand was not as high as it could otherwise have beeithere was record

demand for a non-work day on 28 January2018, while 29 January2018was on track forvery high demand

before a cool change swept through in the afternoon.

7.2.2 AEMQARENA demand response pilot program

This pilot program is a threeyear joint initiative between AEMO and ARENA, seeking to enable up to @6AW
of demand response in Victoria, South Australia, and New South Wales.

The programdés aim is to trial a strategic reserve mode
or emergency demand response, to inform future market design as wkas contributing reserves for the
201718 and future summers.

AEMO and ARENA designed the demand response pilot aroundefined products (seeTable 13 and
availability of reserves when required during the year. The design of these products was based on input from
a stakeholder session in May 2017, AEMO control room requirements, and international experiences. The
benefits of defining standard products are that it:

1 Is more manageable for the AEMO control room to operate (compared to working through bespoke
contracts).

1 Allows auctions to be run in the future, if a strategic reserve model is pursued. This could lead to better
price discovery and competitive pri@ outcomes.

Table 13 AEMO/ARENA demand response trial product specifications

Feature Product 1 Product 2

Notification period 60 minutes 10 minutes

Activation duration 4 hours 4 hours
Activation triggers LOR2, LORS, System Security LOR2, LORS3, SystemSecurity
Availability 1000 am to 1000 pm business days 1000am to 1000 pm business days

Activation frequency 10 per year (i.e. 40 hours) 10 per year (i.e. 40 hours)

52 Seehttps://www.aemo.com.au/Electricity/National Electricity Market- NEM/Security and-reliability/Summer-operations-report.
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ARENA will, over a period of three yearstarting 201718, provideup to $22.5 million of funding for projects
outside New South Wales, and ARENA together with the New South Wales Government (on-50 basis) will
provide up to $15 million of funding for New South Wales projects.

Successful awardees receive ARENA capitahding grant in the form of availability payments over three
yearsand were required to sign onto the AEMO short notice RERT Panel and offer and be available for short
notice RERT if requested. If this RERT is activated, awardees receive usage paymemigez! at $1,000MWh,
and Market Customers pay for the activation charges in accordance with the current cost recovery
mechanism for RERT under the NER.

This program hasmade 141 MWavailablein year 1(201718) and will make up to 190 MWavailablein year 2,
rising to up to 202 MW in year 3, acrossNew South Wales Victoria, and South Australia.

7.2.3 Contribution of inverter-based technologiesto reliability and security

Batteries, and some other invertethased technologies, have demonstrated in the last yeahtt they are

capable of rapid delivery of a large and sustained response to a change in frequency. In some circumstances
this can be particularly valuable, such as following a large disturbance, or when the power system is operating
with low inertia.

Hornsdale Power Reserve (HPR)

In response to reliability concerns following the South Australian blackout, the State Government tendered for
the establishment of a large battery storage facility.

Tesla, together with NEOEN, won the tender and bui
is located near Jamestown, north of Adelaide. The HPR battery is rated at 100 MW discharge and 80 MW
charge, and has a storage capacity of 129 MWh. Thigpacity represents approximately 75 minutes at full
discharge. The HPR shares the same 275 kV network connection point as the 300 MW Hornsdale Wind Farm.

The HPR provides a range of services under commercial agreements between the South Australian
Governmment, Tesla (the battery technology provider), and NEOEN (the operator of the Hornsdale Wind Farm).
The services include energy arbitrage, reserve energy capacity, network loading control ancillary services
(NLCAS)and FCAS.

The HPR participates (to datein two FCAS marketsRegulation FCAS andContingency FCASRegulation

FCAS in South Australia has seen high prices for this service for the two years prior to the battery becoming
operational. Regulation FCAS incrementally adjusts the output of the battgrup or down, away from an
underlying energy dispatch target, to correct slow moving frequency changes across the NEM. Up to 30 MW
of the batteryds out put c aRegulationtFCASITHES isdhe first imeRedukatiod o r
FCAS has ben provided in the NEM by any technology other than conventional synchronous generatian

Data available to AEMO demonstrates that th&Regulation FCAS provided by the HPR is both rapid and
precise, compared to the service typically provided by a conventioaynchronous generation unit.

The HPR has been configured to provide &ontingency FCAS response at all times, irrespective of FCAS
market outcomes, using the full technical operating range of the battery. Because major frequency deviations
in the NEM are(fortunately) rare, actual full delivery of this service has not yet been demonstrated.

Hornsdale Wind Farm 2 FCAS trial

In May 2017, AEMO and ARENA signed a Memorandum of Understanding (MOU) to facilitate collaboration
between the organisations in areasuch as power system security and reliability.

The Hornsdale Wind Farm 2 (HWF2) trizflis a result of this MOU and is the first inmarket technical
demonstration of a wind or solar farm providing FCAS in the NEM. It was undertaken by AEMO and ARENA in
conjunction with NEOEN (owner and operator of the Hornsdale group of projects) and SiemenGamesa
Australia (equipment provider for the Hornsdale group of wind farms).

53 Seehttps://www.aemo.com.au//media/Files/Electricity/NEM/StrategiePartnerships/2018/HWF2FCAStrial-paper.pdf.
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The trial ran from August 2017 until February 2018, and was implemented in three stages:
1. Technical modelling of plant performance and demonstration of capability via orsite plant testing.

2. Review of modelling and onsite test results, leading to registration of HWF2 as an ancillary service
generating unit.

3. In-market demonstration of FCAS deliver for all registered services through 48 hours of live bidding and
di spatch under a range of wind conditions, referred

Following submission of modelling and onsite capability tests, HWF2 was registered to providexsof the

eight NEM FCAS products. HWF2 was not able to register féiast Raise and Lower ContingenclyCAS, after

preliminary modelling suggested wind turbines were likejto b e i n-ridé-ft Aubttgh® mode provid
voltage support in the first few seconds following a frequency event. Obligations in Generator Performance

Standards (GPS) for wind farms to support system voltage and prioritise provision of reactive power over

active power following a fault may prevent delivery of active power within six seconds of the frequency event.

The market trial component of this project was undertaken during the peak summer period for 20178. All six
registered services were delivered ding 48 hours of bidding from the HWF2 control room, between
December 2017 and February 2018, under a variety of wind and market conditions.

During the trial, operation of HWF2 FCAS in conjunction with HPR FCAS8Iped to reduce otherwise high
FCAS prices dring planned maintenance of the Heywoodinterconnector on 14 January 2018. Regulation
prices peaked at $248/MW on this date, compared to an average of over $9,000/MW during previous
Heywood outages.

Since completion of the trial, HWF2has continued to provide Contingency and Regulationservices to the
market. Other market participants with wind farms are also looking to register as ancillary service generating
units and AEMO has in October 2018 published testing requirements for renewable plants seekingpoovide
Contingency FCAS.

Possibility of VPP providing grid services

A number of VPP projects (see Sectio) have been proposed inSouth Australia These can potentially
provide some of the same services as the Hornsdale battery, including energy arlzge, reserve energy
capacity, and Regulation FCASIn June 2018, AEMO published itdraft DERFCAS specificatiot?, which
contains the minimum conditions that AEMO proposes to apply to parties that may participate in a future trial
of contingency FCAS fromaggregated DERS.

7.2.4 Managing power system security

To manage power system security during periods of high renewable generation offsetting the need for
synchronous generation to generate, AEMO has published studiesutlining the minimum number of
synchronous nachinesrequired to maintain system strength in South Australia.

System strength reflects the sensitivity ofhe power system to disturbances, and the stability and dynamics of
generating systems and the power system to both:

1 Remain stable under normal caditions, and
1 Return to steadystate conditions following a disturbance (such as a fault).

Large synchronous machines (hydroelectric, gas, coal generation, and synchronous condensers) inherently
contribute to system strength. Non-synchronous generation (bateries, wind, and solar generation) do not
presently provide inherent contribution to system strength.

54 AEMO, Wind farms and solar farms testing requirements for Contingency FCAS registraticavailable athttps://www.aemo.com.au/-
[media/Files/Electricity/NEM/Security_and_Reliability/Ancillary_Services/Wifatms-and-solar-farms-testing-requirements-for-Contingency- FCAS
registration.pdf.

55 AEMO, Specification forDistributed Energy Resources to provide Contingency FCASvailable athttps://www.aemo.com.au/-
/media/Files/Electricity/NEM/Security_and_Reliability/Ancillary_Services/Distribut&mergy ResourcesFCASSpecification. pdf
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Operating procedures are currently in place to ensure a minimum number of synchronous generating units
are in service in South Australia at all times,niil a permanent technical solution is commissioned. This
solution (installation of synchronous condensersis expected to be operational by mid2020 (see Section8).

AEMO®s operating procedures

identify the condi

the system strength requirements. Where natural market outcomes do not deliver the specific needs for

system strength, AEMO has powers under the &tional Electricity Law and National Electricity Rules (NER) to

direct the necessary resources into service.

ti

ons an

As at 23 September 2018AEMO has issued over 140 directions to South Australian generator units to ensure
the correct level of system strength wasnaintained at all times. These were security directions, for the
provision of fault current, not for energy. Where AEMO issues a direction for energy, this is a reliability
direction. Apart from two directions in 2017, which were foreliability/shortfall reasons, all South Australia

directions have been forsystem strengthreasons.

Figure 24compares the total number of directions issued on a pefunit basis in the NEM over the last eight

calendar years, as at 23 September 2018.

Figure 24  Total number of directions issued by AEMO for the NE
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7.3 Forecast power system rel.]
AEMOds ESOO for the NEM assesses the adequacy

shortfall resulting inunserved energy (USEagainst the reliability standard.

7.3.1 ESOO scenarios and sensitivities

AEMOG s
with varying outlooks for future supply and demand.

abi | i

of

2 CInddelledthr€e scenarios(Neutral, Sow change,and Fast change)and two sensitivities

56 Available athttps://www.aemo.com.au/Electricity/NationaElectricity Market- NEM/Planning-and-forecasting/NEM-Electricity Statement of-Opportunities.
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As required by the NER, the ESOO modebnly committed generators’” entering the market over the ESOO
timeframe.

Two additional sensitivitiesassumel demand consistent with the Neutral scenariq but assuned additional
development consistent with the portfolio of new resources and transmission identified for deslopment in
the first 10 years of the ISP base cases:

T I SP without Snowy 2.0 (0Base development plandé in th

T ISP with Snowy 2.0 (0Base develtlepSRent pl an with stor

7.3.2 ESOO estimates of USE in the next ten years

For South Australia, over the next four years, forecast USE for the Fast change, Slow change, and Neutral
scenarios is within the reliability standard, as shown iRigure 25 The staged retirement of TIPSA starting
2019 is initiallyforecast to be balanced by the entry of Barker Inlet Power Station i\ugust 2019. The level of
USE is seen to increase as the third and fourth Torrens Island A units retire in 2020 a2@R1, respectively.

Forecast USE continues to rise as forecast peak demands increase across Victoria and South Australia. In the
absence of new investment, the level of USE is forecast to exceed the 0.002% standard by 2@&in the Fast
change scenario ad by 2024-25 in the Neutral scenario. The reliability standard is forecast to be met in the
Slow change scenario.

It should be noted that the reliability projections provided in both the ESOO and in the Medium Term
Projected Assessment of System AdequadT PASA do not incorporate the impact of the temporary diesel
generators in South Australisor transmission or generation investment thats not yet committed, nor do they
include any actions that may be taken under RERT this summérhey also representUSE outcomes lefore
any equitable load shedding principles are applied, as discussed in the next section.

Figure 25 Forecast USE outcomes for South Australia 0 existing and committed projects only
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57 NER clause 3.13.3(q)(2). Note that 2018 ESOO modelling did not incldide impact of the temporary generatorswh i ¢ h aof-rea roloaitt &6 and ar e
therefore not modelled.
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7.3.3 Short-term reliability risks

Figure 25indicates that the level of USE is projected to be below the reliability standard over the next three
years. However, the projections provided in the ESOO do not aorporate the impact of the equitable load
shedding principle. Instead, the annual USE reported in a region reflects the source of any supply shortfall
and is intended to provide participants with the most appropriate locational signals to drive efficient market
responses.

To avoid unfairly penalising one region for a supply deficit spread through several interconnected regionsna
equitable load shedding principle applies in theNEMP. This principle states thatas far as practicableload
shedding should be spread pro rata throughout interconnected regions. While the ESOO analgsiloes not
consider this principle high risks of load shedding projected in Victoria are likely to result in any supply deficit
being spread across both Viobria and South Australia.

Based on the information provided by participantsas part of the 2018 Energy Adequacy Assessment
Projection (EAAP)the impact of drought conditions on mainland reservoir levels is unlikely to affect reliability
in the coming summer, even if low hydro inflow conditions continue. This is because there remains sufficient
flexibility for limited resources to be used effectively to avoid shortfalls at times of high demand.

7.3.4 ESOO ersuscurrent MT PASA estimates

The current MTPASAoffers in South Australia for next summer are approximately 250 MW lower than the
total summer capacity modelled in the 2018 ESOO.nMAESOOsensitivity whichwithdrew 250 MW from South
Australia this summer resukd in a large increase in USE across both 8th Australia andVictoria and put
both regions at risk of exceeding the reliability standardas shown inFigure 26 Like the ESOO forecasts
shown in Figure 25 this does not incorporate the impact of the temporary diesel generators in South
Australia, nor deesit include any actions thatmay be taken under RERT this summer.

Figure 26 ESOO versus MT PASA forecast USE for summer 2018 -19
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7.3.5 Managing forecast reliability risks

ESOQ EAAPand MT PASA show that even without cosidering the application of equitable load shedding,
there remains some risk of supply shortfalls in South Australiaver the next three years, and that without
further investment the forecastlevel of USE increases after the complete retirement GfIPSA.

%See NER clause 4.8.9(i) and the Reliability Paneldés Guidelines for Managemen
https://www.aemc.gov.au/sites/default/files/content//Guidelines for-Management-of- Electricity Supply- Shortfalk Events.PDF
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Although USE remains within the reliability standard in the shotterm, the ESOO projectsan 11% chancef
some levd of load shedding in South Australia this summer. The current MPPASA offers submitted by
generators shows a lower level of capacity available in South Australia. As such, the PASA forecasts
indicate a much higher level of USE for this summer.

Given the high USE forecast in Victda, the application of the equitable load sheddng principle could result in
a significant increase in the level of USE in South Austral®EMO is working with the State Government and
relevant industry parties to lower the rgks. This include procuring RERT to supplement the AEMO/ARENA
DSP project, which is still runningand also working with generators and transmission network service
providers (TNSPs}o maximise resource availability during the summer months.

Furthermore, although the reliability projections do not include the temporary diesel generation in South
Australia, these resources are available for use as a last resort and would reduce the risk of supply shortfalls
this summer.

7.3.6 Long-term reliability risks

In the Neutral ESOO scenario, the retirement of IPS Aand the increase in peak demand across Victoria and
South Australia resul$ in an increase in the level of USE. In this scenario, the level of USE is above the
reliability standard by 202425. This scenario idased on no additional investment in generation or
transmission beyond what is classified by AEMO as committed.

The ESOO also modelled the implementation of the generation and transmissioredelopment projected in
the Neutral ISP plangwith and without deep storage) Under both these plans, the level of USE remains
within the reliability standard in South Australia over the 1-§ear modelling horizon.

Figure 27  Forecast USE outcomes, South Australia, ESOO vs ISP development plans
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7.4.1 Power System Frequency Risk Review (PSFRR)

Following on from the Emergency Frequency Control Schemes rule changeublished in March 2017by the
Australian Energy Market Commission (AEMChe first full NEM-wide PSFRR was published iJune 2018&.

59 Seehttps://www.aemc.gov.au/rule changes/emergencyfrequency-control-schemesfor-excessgen.

60 Seehttp://www.aemo.com.au/Electricity/Nationat Electricity Market- NEM/Planning-and-forecasting/Power System Frequency Risk Review

© AEMO 2018| South Australian Electricity Report 56


https://www.aemc.gov.au/rule-changes/emergency-frequency-control-schemes-for-excess-gen
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Power-System-Frequency-Risk-Review

With this PSFRRAEMO recommended the following actions be taken in relation to the South Australian
network:

1 AEMO to make a request to the Reliability Panel for the declaration of a neRrotected Eventto manage
risks relating to transmissia line failure causing generation disconnection and subsequent islanding and
black system during destructive wind conditions in South Australia.

1 As part of the management of the newProtected Eventimplement an upgrade to the recently
commissioned Systenintegrity Protection Scheme (SIPS) in South Australia, to further reduce the
likelihood that a loss of multiple generators in South Australia will lead to separation and a black system

Protected Event submission

Following the 28 September 2016 black sysin event in South Australia, AEMO initiated an operational action
plan to limit flow on the Heywood interconnector during destructive wind conditions in South Australia
(under NER 4.3.1(v)). For transparency, and to provide certainty to the market, AEMO recommended that a
request be submitted to the Reliability Panel to declare these conditions as a Pratted Event. If approved by
the Reliability Panel, AEMO expects thBrotected Eventwill be activated approximately twice per year, based
on historical weather conditions.

AEMO issubmitting this request to the Reliability Panel in November 2018, as wel avorking with ElectraNet
on investigations into potential SIPS upgrades

7.4.2 Recent regulatory changes

Several important changes to the NEMds regulatory frar
security and reliability of the South Australiarpower system, as discussed below.

Declaration of lack of reserve (LOR) conditions

The declaration of LOR conditions is a key mechanism by which AEMO communicates the shtetm risk of
involuntary load shedding, signalling tothe market the need for more capacity. AEMO has improved the
methodology applied in determining LOR.Declaration of LOR is now based on a probabilistic approach
rather than a contingency-based framework, a risk assessment technique that is-fior-purpose in the
evolving NEM,

The newapproach minimises the potential for involuntary load sheddingas AEMO can more accurately
signal to the market that more supply is required.

Reliability and Emergency Reserve Trader (RERT) mechanism

The RERT allows AEMO to contract additional generatiar demand response not already in the marketo
ensure that the reliability standard is met

Following an AEMOrule change proposal the AEMC has reinstatedong notice RERT, extending the
maximum procurement lead time for emergency reserves from 1@eeks to nine months. The new Rule
increases the options available to AEM@o reduce the risk of involuntary load shedding in excess of the
reliability sandard®?.

Further work is underway to improve RERT processesith the AEMC considering an AEMO rule change
requestregarding the trigger for RERT procurement and to further extend the lead timdeyond nine
months®3,

61 For more information, seehttps://www.aemo.com.au/-/media/Files/Electricity/NEM/Security and_Reliability/Power_System_Ops/Overviefvnew-
method-for-determining-Lack of-ReserveV2.docx

2The reliability standard expresses the | evel of r el i absselsiThiyleval acoepththatif r om t he
is inefficient to build sufficient generation to avoid al involuntary load shedding. The RERT mechanism is a safety net AEMO can use to ensure the
reliability standard will be met.

53 For more on the enhanced RERT rule change, sééps://www.aemc.gov.au/rule changes/enhancementreliability-and-emergency-reserve trader.
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As part of this rule change request, AEMO is alsproposing delinking the procurement of RERT from the
reliability standard and instead creatinga standing reserve to provide an insurance function in the overall
reliability framework. The reliability framework should set the level of the required standing reserve over a
defined horizon by taking account of:

91 The nature of the tail riskd using a rarge of supplementary reliability metrics
1 The risk appetite for different levels of load shedding expressed both in cost and limits terms
1 The cost structure and optimal mix of resources that can prevent or mitigate load shedding.

This approach would leadto a more stable investment environment that provides greater certainty to
developers of resources as well as reducing the risk of load shedding.

Generator Performance Standards

Under Essential Services Commission of South Australia licensing conditionsuf® Australia has the strongest
performance requirements of new connecting generators in the NEM, with minimum capability levels that are
among worl dds best ephanzedtapabildy.for gehera®rs to stay kconreeetesl during
disturbances.These standards, which include learnings from th2016black systen event, have been adjusted
to suit the broader NEM, and from 1 February 2019 all new generators will be required to deliver performance
capabilities like those required in South Australiamproving security and resilience in the interconnected
systenf,

DER Register

A Group 2 action in AEMOG6s | SP is for work-22@s be wunder
which would coordinate DER® in South Australia. To manage the aggregate impet of DER on the power
system, visibility of these devices is requiréé

AEMO worked withthe Council of Australian Governments@QOAQ Standing Committee of Officials in
developing a rule change proposal that will require Network Service Providers to colte and provide AEMO
data on DER, such as location and trip settings. The AEMC made a finalle change in support of this
proposal on 13 September 201%8. The DER Register is expected to be operational by the end of 2019.

Retailer Reliability Obligation

The Energy Security BoardESB)s continuing to develop legislation to give effect to a Retailer Reliability
Obligation, as contemplated in the National Energy Guarante®,. The objective ofthis obligation is to
incentivise retailers and other market customes to support the reliability of the NEM through contracting and
investment in resources. Thé&SBis currently consulting on a draft bill that is an amended version of the
National Energy Guarantee draft bill issued by the COAG Energy Council in August 200&h the emissions
reduction requirement and related provisions removed.

54 For more on the new generator performance standards, sebttps://www.aemc.gov.au/rule changes/generatortechnicalperformance-standards

55 DER is typically generation less than 5 MW in size, such as srathle solar PV or battery storage systems.

For more information on the n e elWsbiitpoof DER iesoitdvdildble athttpsdviwwBdinR.comed-er t o AEMOG s
/media/Files/Electricity/NEM/Security_and_Reliability/Reports/2016/AEMEPS Sprogram---- Visibility-of- DER.pdf

57 For more information on this rule change, seenttps://www.aemc.gov.au/rulechanges/registerof-distributed-energy-resources

58 For more on the Retailer Reliability Obligation, segttp://www.coagenergycouncil.gov.au/publications/consultationretailer-reliability-obligation-
legislative-amendments.
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8. Future developments

The Integrated System Plan(ISP)identified several strategic developments that would
support economic utilisation of NEM generation assets to deliver energto consumers
reliably, securely andat least cost. For South Australia, this included the development of
the New South Walesd South Australiainterconnector currently being investigated by
ElectraNet, synchronous condensers to address issues of systetreagth, and
orchestration methods for DER. Recent market developments and government initiatives
are also providing strong signaldfor increased generation supply in the future.

81 Rel atthegl ntegrated System Pl an

In July2018 AEMO published theinaugural ISF°. The ISP focused on the optimal integration ofenewable
energy zones(REZ) into an overall strategicNEM-wide network development plan.

The ISP has reinforced the need for independent, integrated, transparent, NEMide planning, rather than
project-by project-assessmentsto optimise local project requirements. The strategic developments of a
portfolio of network and non-network developments provide critical diversity and reliability benefits from
existing and new diverg renewable resources, maximising the value from available resources and
infrastructure and minimising the overall investment needs.

Outcomes from the ISP studies relating to the South Australian network included:

9 The need for synchronous condensers to berogressed as soon as possible to supply both system
strength and inertia to the South Australian region.

I The need for a new interconnection between South Australia and New South Wales.

The importance of coordinating DER to realise the potential it coulgprovide to the market and system
operations.

The ISP demonstratepotential REZ development areas in South Australia which are supported by existing
transmission capacity and systenstrength. These wereNorthern South Australia(solar) and Mid North
(wind). The Riverland REZ was identified as an optimal area for development in conjunction with new
transmission investmentbetween South Australia and New South Wales

Figure 28below shows thepotential South Australian REZsonsidered in the analysis

AEMO notes thatthe ESBis currently undertaking a review on how to bestmake this ISP actionabl®.

69 Seehttp://www.aemo.com.au/Electricity/Nationat Electricity Market- NEM/Planning-and-forecasting/Integrated- System Plan

0 Seehttp://coagenergycouncil.gov.au/publications/energy-security-board-converting-isp-action.
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Figure 28  South Australi an Renewable Energy Zone candidates

8.1.1 Progress of transmission projects

System strength

Foll owi ng AE MOd asystem stiersgth gap in 8auth Australia in October 2017, ElectraNet has
been investigating options to address system strength and ingia while also keeping costs down. The
installation of synchronous condensers on the network has been determined to be the most efficignt
cost-effective option.

A synchronous condenser operates in a similar way to large electric motors and generatorschntains a
synchronous motor whose shaft spins freely andan adjust technical conditions on the power system.
Synchronous condensers are an important source of system strength and inertiand are essential
irrespective of future new interconnection devéopment.

This project is progressing using transitioal provisions within the NERrelating to system strength rather than
the RITT process.Under this alternate approachit is anticipated that ElectraNetwill lodge an economics
evaluation report with the Australian Energy Regulator (AER) November 2018

" As identified in the Update to the 2016National Transmission Network Development PlagNTNDP), October 2017, accessible at
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/NTNDP/2017/Second_Update_to_the_2016_NTNDP.pdf
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