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Executive summary

East coast electricity and gasighlights

Wholesale electricity and gas market price decline continues

1 Mainland National Electricity Market (NEM) spot electricity pricésleclined by 45-48% compared to Q3
2019, reaching the lowest Q3 level since 2014.

-  Qu e e n s huartedy@werage price of $32per megawatt hour (MWh) representsits lowest Q3
level since 2014, and the lowest NEM mainlanduarterly price since Q2 2015.

- Drivers included a shift in offers from black coaffired generators to lower prices falling gas prices
increased variable renewable energy (VRE) outpueand a 1.4% reduction in operational demand.

1 Wholesale gas market prices reduced almost 50%ompared to Q3 2019, reaching the lowest Q3 level
since 2015. The Gas Supply Hub (GSH) price of $3&5 gigajoule (GJ) was its lowest quarterly average
since Q4 2015, while the Victorian price of $4BGJwasits lowest since Q1 2016. Drivers included:

- A continuation of comparatively low international oil and gas prices, which have influencedomestic
gas market offers.Low AsianJapan Korea MarkerJKM gas prices at the end of Q2 and into Q3
2020 are inputsintotheAu st ral i an Competition a@GaC&mragse U me
netback price, which fell to $260/GJ, its lowest levekince reporting commenced.

- A 5% reduction in east coast gas demand compared to Q3 2019, due to reducdevels ofliquefied
natural gas LNG) export (-11 PJ), as well dswer gas-powered generation (GPG)-9 PJ)Australia
Pacific LNG (APLNQEcorded the main reduction in flows to Curtis Island for LNG exportwith both
its major customers declaring downward quantity tolerance for 2028

Reduced energy demand in Victoria

9 In Victoria, a combination of strict COVID 19 restrictionsand mild weather in the second half of the
quarter resulted ina 90 MW averagereduction in underlying electricity demancf in Victoria compared
to a 5 MW reduction for the remainder of the NEM.COVID 19 influenced the demand shape, with a
significant reduction in the morning peak between 0600 and 0800 hrs, partially offset by small increases
in daytime demand and a higher evening peak.

T Victor i ad sprdilawas ase affeated most noticeably on cold days with high heating
demand. On those daysthe morning peak occurred two hours later in the day and remained high
during the day, although overnight demand was lowerthan in previous years

- Additional operational and market measures, such as the use of the Dandenong LNG, were requirec
to manage this increased daytime demand.

1Uses the timeweighted average which is the average of spot prices in the quarter and is directly comparable to the swap contract pricetite wholesale
market. The Australian Energy Regulator (AER) reports the volumeeighted average price which is weigted against demand in each 30 minute trading
interval and is an indicator of total market costs in the quarter

2 Origin Energy, 2020 Full Year Resultsttps://www.originenergy.com.au/content/dam/origin/about/investors -
media/presentations/200820_FY20_investor_pres_final.pdf

3 Underlying demand means all the electricity used by consumers, which can be sourced from tigeid but also, increasingly, from other sources including
consumersd rooftop photovoltaic (PV) and battery storage.
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Other highlights

1 New minimum operational demand records were set in South Australia (37thegawatts MW]) and
Victoria 3,073MW)#, largely due to increased penetration of distributed photovoltaic (PV), with
installations continuing at record levels.

1 Hydro generation declined to its lowest Q3level since 2008, driven by dry Tasmanian conditions which
limited hydro output in the region.

1 NEM-wide solar and wind curtailment increased to almost 6% of total VRE output. Increases were driver
by new North Queensland system strength arrangement$which were subsequently triggeredby a
series of plant outages, as well as increase@conomic curtailment in response to negative spot prices
(which occurred at the highest quarterly level on record).

Western Australiaelectricity and gashighlights

1 The WEM recorded two new alitime minimum demand records, with operational demand falling o
1,037 MW on Saturday 12 September and falling again to 999 M¥e next day (136 MW lower than the
previous record set in Q1 2020)

1 Growth in VRE outputand distributed PV continued to displace coatfired and gas powered generation.

- Compared with Q3 203, increases in distributed PV generation (+28 MW on average) drove lower
average operational demand {23 MW).

- Combined increases in average generation from largescale wind and solar (69 MW and 13 MW
respectively) and distributed P\Wisplacedgeneration from coal (-40 MW) and gas (64 MW).

1 TheBalancing Price cleared at the floor price 0f$1,000/MWh on two occasions (for six Trading
Intervals). The only other occurrence of floor prices was fdhree Trading Intervals in Q3 2019.

1 Between Q3 2019 and Q3 2020, increases in average Balancing &sitargely occured during evening
peaks, with midday Balancing Prices remaining low.

1 Gas consumption remained the same as Q3 2019, driven by relatively small changes in temperature,
while production decreased by 7% due to facility outages.

4 These records have since been broken in Q4 2020.

© AEMO 2020 | Quarterly Energy Dynamic€)3 2020 4



AEMO

INSIGHTS

Contents

Executive summary 3
East coast electricity and gas highlights 3
Western Australia electricity and gas highlights 4
1. NEM market dynamics 6
1.1 Weather 6
1.2 Electricity demand 6
1.3 Wholesale electricity prices 10
14 Electricity generation 14
1.5 Inter-regional transfers 23
1.6 Power system management 25
2. Gas market dynamics 29
2.1 Gas demand 29
2.2 Wholesale gas prices 31
2.3 Gas supply 33
2.4 Pipeline flows 35
2.5 Gas Supply Hub 36
2.6 Pipeline capacity trading and day ahead auction 36
2.7 Gaso Western Australia 37
3. WEM market dynamics 39
3.1 Weather and electricity demand 39
3.2 Record Demand 40
3.3 Electricity generation 40
3.4 Wholesale electricity prices 42
3.5 WEM COVIDB19 impacts 45
Abbreviations 48

© AEMO 2020 | Quarterly Energy Dynamic€3 2020 5



AEMO

INSIGHTS

1.NEM market dynamics

1.1 Weat her

The weather over thequarter was warmer than average across all east coast capitals apart from Hobart
(Figure 3. Average minimum temperatures in Sydney and Melbourne weraround 0.2°C above the 1Gyear
average resulting in smallreductions in heating requirements

Tasmania experienced very dry conditions during the quarter, largely driven by below average rainfall in July
and SeptembeP, while rainfall in Victoriawas alsobelow average.

Figure T Warmer average mainland temperatures in Q3 2020
Average minimum temperature variance by capital cityd Q3 2020 vs 10year Q3 average
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Source: Bureau of Meteorology

1.2 Electricity demand

In Q3 2020 NEM average operational demand decreased by 313 MW-(1.4%) compared to Q3 2019, due to
increased distributed PV (+218 MW) and reduced underlying demand ¢95 MW, Figure 2.

Thisyear, record uptake of distributed PV during the COVIBL9 pandemid has accelerated the declining
daytime demand trend. Compared to Q3 2019, New South Wales distributed PV output ineased the most
on an absolute basis €75 MW on average), while South Australia increased the most as a proportion of
underlying demand (2%, more than double the next highest region).

5Bureau of Meteorology 2020, Tasmania in July 2020ttp://www.bom.gov.au/climate/current/month/tas/archive/202007.summary.shtml

8 Increased distributed PV generation results in reduced operational demand because distributed PV is behind the meter

7 Clean Energy Regulator 2020, Quarterly Carbon Market RepodtJune Quarter 2020:
http://www.cleanenergyregulator.gov.au/DocumentAssets/DocumentdDCMR%20June%20Quarter%202020.pdf
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With small changes in heating requirements compared to Q3 2019, changes underlying demand were
mostly driven by the continuing impacts of theresponse to the COVID 19 pandemic

1 Victoria, with the strictest COVIB19 restrictionsin place and mild weather in the second half of the
quarter, recorded the largest reduction in underlying demand (-90 MW on average), followed by

Queensland (52 MW). Sectionl.2.lprovides further details on the COVIDP19 related impact on Victorian
electricity demand.

T South Australiaf6s underl ying dednmembgCOViDddreated e d
increases in residential heatingand higher industrial load.

1 COVID19 influenced thedemand shape with a significant reduction in the morning peak between
0600 hrs and 0800 hrs,partially offset by small increasesn daytime demand and a higher evening peak.

Figure 2 NEM operational demand down 1.4%
Change in NEMaverage operational demand by time of day (@ 2020 verais Q3 2019)
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Table 1 Average change in underlying demand, distributed PV, operational demand 8 Q3 20vs Q319

Average MW New South Wales South Australia
Operational demand -115 -136

Underlying demand impact -52 -14 -90 +52 +9
Distributed PV impact -63 -75 -46 -32 -2
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Maximum and minimum demand

Table 2outlines the maximumand minimum demands which occurred inQ3 2020. During the quarter, new
minimum demand records were set in South Australia and Victorfa

1 Vi ct eewimmiinem demand recod of 3,073MW occurred at 1300 hrs onSunday6 September 2020,
and was144 MW lower than the previous recordset during Q4 2017.

- During this trading interval, distributed PV providedan estimated 1408 MW of output (31% of
underlying demand), and mild conditions meant there was very little heating load.

- AEMOOds model |l i ng s19 plgtedaneasurds made a sthall\¢dntbbution to setting this
new minimum demand record.

T Sout h Asnew minamum @etand record of 379 MW occurred at1300 hrs onSunday
13September 2026, and was 79 MW lower than the previous record set during Q4 2019.

- Drivers were similar to the Victorian recordwith distributed PV providing an estimated 923 MW of
output (71% of underlying demand)

- South Australian minimum demands have declined steadily since 201Figure 3.

In addition, a newQ3 maximum demand recordof 2,576 MWwas set for South Australia al900hrs on
7 August 2020, surpassing the previous record by 8MW. Drivers of the new record includedcold evening
conditions, as wella COVID-19 relatedestimated 83 MW increase in demand(largely residentia).

Table2  Maximum and minimum operational demand (MW) by region 0 Q3 2020 vs previous records

Q3 2020 8,143 3,985 11,976 5,727 7,844 3,073 2,576 379 1,661 890

AllQ3 8,212 2,972 14,289 5,112 8,351 3,601 2,530 574 1,790 792

All-time 10,044 2,894 14,744 4,636 10,576 3,217 3,399 458 1,790 552

Figure 3  South Australian minimum demand record set at 379 MW
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3,063MW.
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1.2.1 COVID19impact on Victorian electricity demand

During Q3 2020, Victoria was the NEM region mosimpacted by the QOVID-19 pandemic,with stage 4
restrictionsthat came into effect on 5 Augustrequiring many businesses to closeKey impacts onVictorian
demand included:

1 Sectoral impacts & during Q3, Victorian large industrial demandcontinued the trend from Q2 and was
relatively flat Commercial demand, however, was significantly reduced due to thestage 4 restrictions
(approximately -13%), which more than offset increased residential demand~1015%).

1 Seasonality 8 as shown inFigure 4, the COVID 19 influenced change in underlying demand varied
considerably based on the prevailing season

- During July 2020, cold winter conditions meant that increased daytime residential heating load more
than offset reduced commercial demand. This resulted in af.%% increase in underlying demand
compared to July 2aL9.

- Moving into September 2020, mild weather meant there wasessneed for residential heating,so the
reduction in commercial demand was themain driver of a 4% fall in underlying demand compared to
September 2019.

1 Temperature sensitivity 0 during stage 4restrictions, the increased residential proportion of demand
resulted in greater temperature sensitivity. As shown ifigure 5 during cold weatherVi ct or i ad s
underlying demand during the pandemic has been higher than prepandemic. Conversely, during mild
weather Victorian demand has been at lower levels than prpandemic.

Figure 4 COVID-19 reduces Victorian demand; largest impact in Septe mber
Change inVictorian-averageunderlying demand by time of day (Q3 2020 versus Q3 2019)
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1.3 Whol esale electricity prices
Mainland NEM average spot electricity prices decling by 45-48% compared to Q3 2019(Figure 6). Highlights
included:

1 South Australia recorded its lowest Q3 average since 201 40/MWh) while its Septemberaverage of
$15/MWh wasits record monthly low.

1 Queensland remained the lowest-priced NEM region: itsquarterly average price of $32/MWh represents
its lowest Q3 level since 2014, and the lowest NEM mainland price since Q2 2015.

1 New South Wales quarterly average ($46/MWh)wasthe lowest Q3 since 2014

1 The largest reductionin prices by time of daywasduring the evening peak (down by up to $7YMWh at
1830 hrg and to a lesser extent the morning peak Figure 7). Drivers of lower evening pe& prices
included:

- Lower-priced offers during the evening peakfrom GPG black coal-fired generation, and hydro
generation, influenced by falling gas prices.

- Increased supply from brown coalfired generation and wind generationduring the peak evening
period (Section1.4.

Drivers of theaveragespot price reductions compared to Q3 2019 includé:

1 Fewer unplanned outages of coalfired generators in New South Wales and Victoria, coupled with a shift
in offers from black coatfired generators to lower prices (Sectiorl.4.L In particular, Mt Piper andLoy
Yang A power stations operated at significantly higher levels than in Q3 201®ith improved coal supply
at Mt Piper and the return to full output of unit 2 at Loy Yang A

1 Increased wind and solar generation with new capacity driving average output ircreases of 355 MW.

1 Reduced operational demand {1.4%)with continued increases in distributed PV generationreducing
daytime demand (Sectionl.9.

Figure &6 Lowest Q3 NEM prices since Q3 2014
Q3 average spot electricity prices by NEM region
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Figure 7 Largest spot price reductions during the evening peak
Mainland NEM averageQ3 spot prices by time of day
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1.3.1 Electricity future markets

During the quarter, NEM electricty futures contract pricestraded on the ASXremained at comparatively low
levelscompared to recent years At the end of the quarter, calendar year Cal) 2021 swap contracts averaged
$54/MWh across New South Wales and Victoria. South Australia recordeddhargest decling of $8/MWh to
finish at $50/MWh, with the decrease coinciding with new constraints on the Heywood interconnector
(Section1.5 and record negative spot electricity prices in the state (Sectioh.3.L Queensland continued tobe
the lowest priced stateand finished the quarterat $40/MWh.

Figure 8 ASX Cal21 futures stabilise
ASX Energyd Cal21swap prices by regiond 7-day averages
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1.3.2 Negative wholesale electricity price

During Q3 2020,negative and zero spot price8 occurred in 4.6%of trading intervals, surpassing the previous
record set in Q2 20D (3.6%).The occurrence of negative spot prices was most prominent in South Australia
and Queensl and, with both states r eachi megativeel@% ofd
the time, around 4% higher thanthe previous record in Q3 2019. In Queensland, spot prices were negative
8.5% of the time compared to 4.5% inQ3 2019.

However, the impact of negativepriceswas less than in Q3 201%outh Australid guarterly average price
was lowerby $6/MWh due to negative prices compared to being lower by $8.2/MWh in Q3 2019. Similarly,
Queensland negative spot price impact this quarter watower, $1.9/MWhcompared to $2.7/MWhin Q3 2019.
The reduced impact of neyative spot prices on the average price was due tathe reduced occurrence of
highly negative prices (that is, prices below$100/MWh).

Record quarterly negative spot prices in South Australia were driven by increased occurrences in September,
with negative spot prices occurring in 22% of the trading intervalgFigure 9. Drivers included:

1 High VRE outputd September 2020 was a particularly windy monthas grid-scaleVREexceeded
1000 MW 47% of the time, compared to 31% in September 2019and 65% of negative intervals occuring
during periods of high VRE output.

1 Directed GPGS in December 2019, theAustralian Energy Market CommissionAEMQ introduced a rule
change which removed intervention pricing when units are directed for system security purposesvith
this change (in most circumstance$ leading to lower spot pricesduring directions!®. On average,139 MW
of GPG was directed during negative spot priceduring the quarter.

1 Reduced daytime demandd increaseddistributed PV output reduced daytime demand by34 MW
compared to September 2019 levels, with@ of negative price intervals occurring during this period.

1 Interconnector constrains 8 Murraylink wasbinding at its limit more frequently and at lower levelsthan in
Q3 2019 due to a planned outage, as well asconstraints which were invoke on 26 August (until its
outage) while oscillation issues were being investigateld In addition, a newly introduced reduction in
He y wo omgaddt §imit into Victoria (Section 1.5 further limited electricity transfers from South Australia
to Victoria, contributing to periods of South Australian oversupply.

Figure 9 Record negative price occurrences in South Australia and Queensland
Frequency of negative spot prices in South Australia and Queensland
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9 Hereafter referred to as negative spot prices

10When an intervention event brings on additional capacity and counteractions are not implemented, the prices produced by thehat-if run will generally
be higher than those produced by the dispatch run. Thiss because the whatif run will continue to signal the price associated with the supply demand
balance as it was prior to the intervention, while prices in the dispatch run will generally be lower due to the addition gieneration capacity.

11See Market Ndice 77189.
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1.3.3 Price setting dynamics

Figure 10shows price setting results for @ 2020 compared to recent quarters. Key outcomes included:

T Hydrods price sett regiansdedinedcfrora anrawmge 353%6hneQ3 REEMo 21%ith
quarter, as hydro generationfell to its lowest level since 2008

1 Black and brown coalincreased froma combined average of 38%lastin Q3 2019to 53%, mainly as black
coal shifted an average of 1,281 MW from highepriced bands to prices below$40/MWh, and spot prices
reduced to levels in which brown coalfired generation was the marginal unit (typically $6$20/MWh).

1 Grid-scale wind and solar set the spot price8.3% of the time (combined), the highest level on record.

Figure 10 Hy dr o6s pri ceaeeclimedti ng rol e
Price setting by fuel type & Q3 2020 versus prior quarters

< 100% | mm=—— —pm —— e e —

o 80% A

E 60w 1

2 ]

<1’40%:

(@]

I 20%

: -

8 0% -

E 32921228882 Rg2|l22ggls&gaRres”
o <t N <t - o <t - o <t - N <t -
ooood|looodd|looodd|looodd|locood

QLD NSW VvIC SA TAS

H Black Coal ®mBrown Coal M Gas = Hydro M Other

Note: price setting can occur interregionally: for example,Vi ¢t ori a6s price can be set by generators
Figure 11showsQueensland price settingresults for Q3 2020by time of day. Key outcomes included:

1 With the increase in periods of oversupply leading to negative spot prices, gridgcale solar set
Queendanddés midday price around 30% of the ti me.

1 Black coal set the price on average 67% of the time during the day in Q3 2020, while giving way to
grid-scalesolar between 10001430 hrs (26%) thereafter mainly capturing two blocks 14301630 hrs (71%)
and 213060600 hrs (81%).

i GPG and hydrods price setting roles were highest dur

Figure 11 Grid-scal e sol ar sets QueernnDUnd30wofthettmedday pri ce
Price setting % of time by time of day and fuel typed Queensland Q3 2020
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14 El ectricity generation

During Q3 2020,the NEM generation mix was shaped by  Figure 12 Increased output brown coal and V. RE

a combination of reduced operational demand,dry Change in supplyd Q3 2020 versus GB 2019

conditions, and increasedsupply from lower-priced 400 -

generation. Figure 12shows the average change in 300 -

generation by fuel type compared to Q3 2019, andFigure S 200 +

13illustrates the change by time of day. % 108 :l_. ’_‘ ]

S - 4

Compared to Q3 2019 g _;88 ] |_|

1 Averagebrown coal-fired generation rebounded from S -300 -
its lowest quartelly average driven by higher % :288 i
availability from Loy YangA following the 2019 § BT 0T > 3 °c g @
extended outage of unit 2. In contrast,black coal < S 2 3T ? TIi s ©
output declined to its lowest Q3 level since 2014 E g g %
despite Mt Pi per dsscoatsapplp un @ £
issues in 2019 [a)

1 Despite lower gas prices, averag&PGoutput reduced by 436 MW, as it was less required to cover unit
issues at Loy YandA and Mt Piper, and wasdisplaced by VRE

1 Average hydro generation fell to its lowestQ3 output since 2008 The decline in Tasmanian hydrautput

was driven by belowaverage rainfallasthe state experienced its second driest July on record

Table 3 NEM supply mix by fuel type

52.8% 15.6% 104% 8.5% 9.8% 2.6%
51.% 173% 8.6% 7.8% n.% 3.1%
-1.06 +17% -18% -0.7% +1.3% +0.5%

Figure 13 Reduced GPG, black coal and hydro across the day, increased VRE and brown coal
Change in supplyd Q3 2020 versus (B 2019 by time of day
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12Bureau of Meteorology 2020, Tasmania in July 2020ttp://www.bom.gov.au/climate/current/month/tas/archive/202007.summary.shtml
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1.4.1 Coalfired generation

Black coal fleet

During Q3 2020, average black coal generation reduced b¢24 MW compared to Q3 2019. Results varied by
state, with average outputfrom the New Souh Wales fleet increasing slightly (+23 MW), whil¢he
Queensland fleet fell by 447 MW.

Average blackcoal fired generationon outage (mostly planned)was126 MW lower than Q3 2019ith fewer
outages in New South Wales(-509 MW) partially offset by increased outages in Queensland Figure 14.

Figure 14 Fewer unplanned outages for New South Wales and Victorian coal -fired generators
Average black and brown coalfired generation on outage by classificationd Q3 2019 to Q3 2020
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The overdl reduction in black coalfired generation occurred despite a significant shift of offers into
lower-priced bands. Compared to Q3 2019, an average of 1,281 MW was shifted from highgiced bands to
pricesat or below $40/MWh (Figure 15. The AER will explorén more depth in its upcoming reports'the
drivers of changes in black coaffired generation bids.

Figure 15 Black coal -fired generation shifting offers to lower prices
NEM blackcoal-fired generation bid supply curved Q3 2020 versus Q3 2019
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13Upcoming WholesaleMarkets Quarterly Q3 2020, and Wholesale Electricity Market Performance Report 2020.
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In New South Wales, increased generation from MPiper (+598 MW) and Bayswater (62 MW) more than
offset lower output from Liddell and Eraring(Figure 1§. By station:

1 Average output at Mt Piper Power Stationincreased to 1,82 MW, its highestQ3 generation since 2013.
Significantly higher output (+138% on Q3 2019 levelywas predominantly due to the easing of coal
supply constraints that severely impactedutput in Q3 2019.This was reflected in its availability, witit
Piperd averagedays on outagefalling from 31 days inQ3 2019to 3 days in Q3 2020

1 Increasedoutages 67% planned,43% unplanned) atLiddell Power Station reduced output by480 MW
on average, its lowest Q3 output since 204 On average, Liddell units were out of servicéor 33 days
compared to 10 days in Q3 2019

Average Queensland blak coal output this quarter reduced to 5,056 MW, itslowest Q3 generation since
2014. Increased outages across all power stations apart from Kogan Creek and continued displacement by
solarand gaswere the main drivers for loweroutput. By station:

1 Planned outages at Callide Power Station and displacemery solarreduced coal output by 477 MW.

1 Output at Kogan Creek Power Statiorincreased by 575 MWon average, up from historically low levels in
Q3 2019. This was mainly due tao repeat of the major outage in Q3 2019.

Brown coal fleet

Average brown coalfired generation increased by317MW compared to Q3 2019 mainly due to higher
availability at Loy Yang A which led to a 447 MW output increase This waspartially offset by decreased
output at Loy Yang B (-35 MW) and Yallourn Power Station{126 MW) due to increased outagesd Yallourn
also had a high number ofunplanned outagesin Q3 2019 Yallourn Unit 1 has been oma planned
maintenance outage since3 July 2020 and remained out of servicat the end of the quarter.

Mixed results for coal -fired generators
Change in coatfired generation 8 Q3 2020 versus Q3 2019
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