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Execvutive summary

National Electricity Market (NEM) Q1 highlights

Hot summer increase d electricity demand

9 Q1 2019 across Australia was the warmest quarter on record marked by persistent widespread heat, with extreme temperatures
across many parts of Suth Australia on 24 January 2019 including Adelaide (47.7°Q and Port Augusta (49.5°Q.

1 Hot summer conditions increased the cooling load, leading to increased NEM average underlying demand?* (+515 MW) and
operational demand? (+243 MW) compared to Q1 2018.

- Queensland set a new alttime maximum demand record of 10,044 MW on 13 February 2019 at 1730hrs, 246 MW higher
than the previous record.

Record high spot wholesale electricity prices in Victoria and South Australia

fVictoria and Sout h Au spbtwholesaladiestricity praces of 8166/MWhand 816HMWh were their highest
on record. These results werenot only driven by the electricity price volatility but underlying energy prices (that is, prices below
$300/MWh) were also high.

- Q1 2019 quarterly cap returns were $1.28/MWh in Victoria 9 its highest quarter on record 8 and $49.41/MWh for South
Australia. This volatility largely occurred on 24 and 25 Januarydue to high coincident temperatures across both states
increasing demand, a series of unplanned thermal unit outages, and comparatively low wind output .

- Extreme conditions on these days also led to AEMO activating Reliability and Emergency Reserve Trader (RERT) contracts
and, when these were insuficient, instructing load shedding on both 24 and 25 January to balance demand with available

supply.
1 Victoria and New South Wales recorded their highest underlying energy price on record, while Queensland, South Australia and
Tasmania recorded their secaxded highest energy prices on record. Drivers of high underling energy prices included:

- Dry conditions which resulted in a reduced output from hydro generators.
- Acontinuation of comparatively high wholesale gas prices.

- Anincrease in the price of offers from black coalfired generation, with some generators citing coal conservation and/or
quality issues.

- Increased demand resulting from hot summer conditions.

1 Forward wholesale prices also continued their upward climb: the price of calendar year (Ca) 2020 electricity swap contracts
traded on the ASX rose between 12-23% over Q1 2019 and have risen by 49% in Victoria since July 2018.

Increased solar generation  due to new capacity ; hydro output reduce d due to dry conditions
1 Key changesin the NEM supply mix compared to Q1 2018 included:

- Anincrease in average solar generation(both rooftop photovoltaic [ PV] and grid solar) of approximately 700 MW, due to
increasedinstalled capacity.

- Continued dry conditions in the south led to average hydro output decreasing by around 200 MW.

- Gaspowered generation (GPG)rebounded from the record low quarterly output in Q4 2018, increasing by 143 MW on

average compared to Q1 2018. This increase in GPG occurred predominantly in the evening peak periodcorresponding with
higher demand, higher spot electricity prices and declining solar output.

Wholesale g as prices remained high as gas -power ed generation and oil  prices rebounded

1 Wholesale gas prices remained comparatively highat around $9-10/GJ, increasing across all markets byan average of 15%
compared to Q1 2018.

9 The driver of the price increases was increased demandléargely from GPG and increased LNGexports), as well as higher priced
gas injection offers.

1 International Brent (oil) prices reversed the price fall that occurred over Q4 2018, increasing by27% in Q1 2019 to finish at
$USE8bbI .

'Underlying demand is consumersd total demand for el ectr udhastrooftopPVom al |l sources,

2 Operational demand refers to the electricity used by residential, commercial, and large industrial consumers, as supplied by scheduled, semischeduled, and
significant non-scheduled generating units.
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Western Australia Wholesale Electricity Market (WEM) Q1  highlights

1 The WEM has traditionally been summer peaking, however, during Q1 2019 summer peak demand fell to winter peak demand
levels. This wasdue to mild summer conditions and increased penetration of rooftop PV .

9 Average Load Following Ancillary Service(LFAS Up and LFASDown prices converged for the first time since LFAS market sart.

9 Non-scheduled generation in the WEM reached its highest ever proportion of underlying system demand at 47.8%.

© AEMO2019| Quarterly Energy Dynamics Q1 2019 4
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1. NEM market dynamics

1.1 Weather

Q1 2019 across Australia was the warmestquarter on record. Compared to both Q1 2018 and the 10-year average, average
maximum temperatures were around 1°C higher across all capital cities(Figure 1). There were also multiple periods of prolonged

heatwaves during the quarter, particularly in January?. For example, record-breaking temperatures were recorded across many
parts of South Australia on 24 January 2019, including Adelaide (47.7°C) and Port Augusta (49.59C

The start of 2019 was also notable for dry conditions, with below average rainfall across most of the country except northern
Queensland. The dry conditions have been most persistent in the Murray-Darling basin, which has recorded below average rainfall
for almost two years*. Tasmanian rainfall for the quarter was again below average, making it six months of dry conditions.

Figure 1  Average max temperature variance by capital city Figure 2  Rainfall deciles 6 Q1 2019
0 Q12019 vs Q1 2018 and 10 -year Q1 average -
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1.2 Electricity demand

Warmer summer conditions increased the cooling load, leading to Figure 3 Change in NEM demand by time of day

increased electricity demand across all parts of the day compared to 6 Q12019 vs Q12018
Q1 2018. Average NEM operational demand® in Q1 2019 was up 243
MW (+1%) compared to Q1 2018, while underlying demand® was up 1000 -
515 MW on average. This difference between underlying and T
operational demand (Figure 3) highlights the impact of rooftop PV 800 _
generation on the demand curve. § 600 -
Compared to Q1 2018: é 400 ]
9 The largest increase in average operational demand was in New ; 200 _
South Wales (+216 MW), while Queensland also increased(+111 = |
MW, Figure 4). The driver in these regions was the hot weather 0
which increased cooling load in the major population centres . . V
9 Operational demand reduced in Victoria (-50 MW) and South -200 C0000299099 000
) ) ) 0000000
Australia (-1 MW) due to increased generation from rooftop PV S AN ©XWONT ©®OS NS
Qo000 < dddqNO

more than offsetting increases in the underlying demand.

o

——Operational deman Underlying demand
9 Operational demand in Tasmania (-33 MW) slightly decreased,

partly driven by small changes in industrial consumption.

8 For further information see BOM Special Climate Statement 68- widespread heatwaves during December 2018 and January 2019

4 For further information see BOM Special Climate Statement 7Gi_drought conditions in eastern Australia and impact on water resources in the Murray 8Darling Basin

5 Operational demand refers to the electricity used by residential, commercial, and large industrial consumers, as supplied by scheduled, semischeduled, and
significant non-scheduled generating units.

SUnderlying demand is consumer sd turges,antludidgetive grid dnd tisiributed tesoerdes suah astrooftop PVo m  a | | s o
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Figure 4  Average operational demand for Q 1 (2014 to 201 9)
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Note: Demand by region has been normalised with Q1 2019 as the base. Values greater than 1 indicate that demand was higher than in @ 2019
while values less than one represent the opposite. Units within the columns are in MW.

Maximum and minim um demand

The seasonal profile of demand tends to manifest in Q1 being the quarter where maximum demand records occur, with the
exception of Tasmania which is winter peaking Table 1 outlines the maximum and minimum demands which occurred in Q1 2019
and the respective regional records’. During the quarter, two demand records were broken:

1 Queensland continued a trend of incre asing maximum demands, setting a new all-time maximum demand record of 10,044 MW
on 13 February 2019 at 1730 hrs, 246 MW higher than the previous record®. The new record occurred during a period of high
temperatures

- Despite hot weather, maximum demands in other regions did not reach record levels due, in part, to increasedoutput from
rooftop PV.

1 South Australia set a new Q1 minimum demand record of 695 MW on 6 January 2019at 1300 hrs, 25 MW lower than the
previous record. The drivers of this are the same as previous recordswith increased rooftop PV capacity lowering midday
operational demand & a trend that has occurred for the past two years and isexpected to continue .

Table 1l  Maximum and minimu m operational demand (MW) by region 8 Q1 2019 vs records

Queensland New South Wales Victoria South Australia * Tasmania
Max Min Max Min Max Min Max Min Max Min
Q12019 10,044 4,847 13,821 5,773 9,328 3,601 3,240 695 1,363 756
All Q1 9,798 3,260 14,744 4,642 10,576 3,311 3,399 720 1,499 552
All-time 9,798 3,102 14,744 4,642 10,576 3,217 3,399 599 1,790 552

* Excluding system black eventin South Australia and subsequent market suspension in the region (28 September2016 - 11 October 2016).

7 Table records refer to those prior to the commencement of Q 1 2019. Instances where the previous record has been broken are shown with red text. The records go
back to when the NEM began operation as a wholesale spot market in December 1998. Tasmania joinedn May 2005.

8 http://energylive.aemo.com.au/Energy-Explained/Queensland breaks-demand-record
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1.3 Wholesale electricity prices

Q1 2019 was notable for the high spot wholesale electricity prices recorded in all NEM regions (Figure 5).

Figure 5 Average wholesale electricity price by region
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This was a result of spot price volatility in Victoria and South Australia, as well as high underlying energy price$ (that is, prices
below $300/MWh) in all NEM regions.

fTVictoria and Suartetlydverage spotelectricitppdices of $166/MWh and $163/MWh were their highest on record.

9 Victoria and New South Wales recorded their highest underlying energy price on record, while Queensland, South Australia and
Tasmania recorded their seconded Hghest energy prices on record. Spot prices were consistently above $100/MWh for much
of the quarter. For example, Victoriads price was above $100.
Q1 2018.

Drivers of high energy prices are disaussed in the table below, while price volatility results are discussed in Section1.3.1

Wholesale electricity price driversinQ 12019

Compared to Q1 2018, hydro generators shifted approximately 800 MW of capacity to prices above
Dry conditions $100/MWh, resulting in reduced dispatch at lower prices. This reflects recent dry conditions and the
need to conserve dam storage levels (see Sectionl1.4.3.
Wholesale gas prices remained at comparatively high levelsduring Q1 2019 (see Section2.2), which
was reflected in comparatively higher GPG offers. Compared to the previous three Qls,
approximately 250 MW of GPG offerson average wasshifted to prices above $100/MWh (from prices
below $100/MWh).

High g as prices

In Q1 2019, there was a further shift in offers from black coalfired generators. Approximately
800 MW offered below $100/MWh in Q1 2018, was moved to prices above $100/MWh in Q1 2019.
Some generators highlighted coal conservation and/or quality issues as reasons for their changed
offers over the quarter. See Sectionl1.4.2for further details.

Shifts in b lack-coal
fired generat or offers

Hot summer conditions increased NEM averageoperational demand by 243 MW compared to Q1
2018. The largest increase in operational demand occurred in the late afternoon and evening peak
demand periods (1600-2200 hrs), resulting in higher prices during these periods.

Increased demand

°6Energy priced is used in el efptice voktility (hat s rpiicesiaboge $300/MWhg. mov e t he i mpact
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1.3.1 Price volatility

During Q1 2019, there was high spot price volatility in Victoria and South Australia, but low volatility in New South Wales and
Queensland, consistent with outcomes in Q1 2018.

Victoria and South Australia

Q1 2019 quarterly cap returnst® were $51.28/MWh in Victoria & its highest quarter on record 8 and $49.41/MWh for South Australia.

This volatility largely occurred on two days due to a confluence of events in the two regions. Victoriamand Sout h dailystr al
average prices of $3,378/MWh and $3,360/MWh on 24 January 2019 were their highest on since NEM-start (Figure 6). The
continuation of price volatility into 25 Januay resulted in the Cumulative Price Threshold (CPT} being triggered, limiting the

maximum price to $300/MWh once it came into effect .

Contributors to these pricing outcomes included:

9 Temperatures in South Australia broke new records on 24 January 2019 while parts of country Victoria experienced extreme
heat (close to record levels). Simultaneous high temperatures in South Australia and Victoria resulted in high electricity demand
across both regions, with coincident maximum operational demand of 12,463 MW on 24 Jaruary 2019 (representing the highest
result since Q1 2014).

1 A series of brown coal outages on these days reduced thermal capacity inVictoria by up to 1,600 MW.

1 Wind capacity factors were comparatively low during the high -priced periods (average of 15% during the high prices, compared
to average capacity factors of 30% during high demand periods in Victoria).

Extreme conditions on these days also led to AEMO activaing Reliability and Emergency Reserve Trader (RERT) contracend (as
a last resort) AEMO instructing load shedding on both 24 and 25 January to balance demand with available supply.A E M Orépert
on Load Shedding in Victoria on 24 and 25 January 2019 provides more details on the events of these two days.

Figure 6  Victorian spot electricity price and operational demand on 24 and 25 January 2019
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Queensland and New South Wales

Despite hot weather and record demand in Queensland, Q1 2019 quarterly cap returns were comparatively low in Queensland
and New South Wales (less than $0.01/MWh and $2.33/MWh, respectively). This represents a continuation of the lack of price
volatility in these two regions which has occurred sinceQ1 2017. Even recordhigh Queensland operational demand on 13 February
2019 only resulted in maximum spot prices of $143.68/MWh. Contributors to this trend include :

1 Comparatively high availability of the black coal fleet at prices below $300/MWh over the last two summers. For example, there
was anadditional 814 MW on average offered below $300/MWh in Q1 2019 compared to Q1 2017.

TThe Queensl and Governmenowsedngénecaitonstboidsndémtake strate
on wholesadle priceséo.

9 The return at the end of 2017 of Swanbank E 880 MW), which has run overthe peak summer periods since then.

10 A measure of volatility in electricity prices is the presence of high price events & prices above $300/MWh. Oftenrepresente d as o6quarter |l y heap retu
sum of the NEM half hourly price minus the $300 Cap Price for every half hour in the contract quarter where the pool price exceeds $300/MWh, divided by the
number of half hours in the quarter .

1 The cumulative price threshold imposes a limit on sustained high prices in the wholesale market. For further details on the CPT, see
Reliability Panel 2018,Reliability standard and setting review 2018 Available at: www.aemc.gov.au/sites/default/files/2018-
04/Reliability%20Panel%20Final%20Report.pdf

12 AEMO 2019.Load Shedding in Victoria on 24 and 25 January 2019 An operating incident report for the National Electricity Market, at www.aemo.com.au/-
/media/Files/Electricity/ NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2019/Loa&hedding-in-VIC-on-24-and-25-January2019.pdf

13 https://dnrme.gld.gov.au/energy/initiatives/powering _-queensland

© AEMO2019| Quarterly Energy Dynamics Q1 2019 9
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1.3.2 Price-setting trends

Despite the significant increase in NEM spotwholesale electricity prices (Section1.3), price setting outcomes during Q1 2019 were
relatively similar to Q1 2018 with minor changes amongst the fuel types. By region:

1 Queensland and New South Wales 0 black coal continued to be the primary price setter in Queensland and New South Wales,
setting the price approximately 70% of the time (predominantly in the off -peak periods). Compared to Q1 2018, there was a
small reduction in black coal price setting, which was offset by increases in gas as the marginal unit

1 Victoria and South Australia 6 the marginal fuel source in Victoria and South Australia remained balanced between black coal
(around 40%), gas (around 30%) and hydro (around 30%. These proportions tend to fluctuate subtly depending on changes in
generation and availability across periods. Bl ack coal s price setting role decrease:
Q4 2018, with small increases in the price setting role for gas and hydro. The reduction in black coal as the marginal unit was
coincident with constraints on flows south over the VIC-NSW interconnector (see Section 1.6).

I TasmaniadTas mani ads pyrlocat umits @1&0f the @nte, in line with Q1 2018 results, with the marginal fuel sources
remaining relatively similar to this quarter. The main price setting units were Gordon and Poatina.

Figure 7  Price-setting by fuel type 8 Q1 2019 versus prior quarters
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Case study: New South Wales 6 Q1 2019 versus Q1 2018

While the price setting share by fuel types remained similar between Q1 2019 and Q1 2018 the point at which the marginal units
(and respective fuels) set the price increased across almost all percentilesthis quarter. Figure 8 shows the price setting curves for
the major price setting fuel types in New South Wales which had a significant increase in the underlying price of energy this
quarter compared to Q1 2018 (see Section 1.3).

In Q1 2018, gas and hydro were interchangeablein their role as the marginal unit, setting the price at comparable prices. This
dynamic shifted in Q1 2019, with hydro setting price at comparatively higher prices than gas units.

1 When hydro was marginal, it set the price above $100/MWh 7 4% of the time compared to just 17% of the time in Q1 2018. This
reflects the shift in offers from hydro units to higher priced bands due to low water storage levels Section 1.4.3).

i For gas units, the increase was reflective ofhigher wholesale gas prices flowing through into increased electricity price offers
(Section 1.3). Gas also played amore frequent price setting role than hydro, typically setting price lower than hydro units.

1 Black coalfired generators also set the price at higher levels than in Q1 2018: setting the price above $100/MWh 19% of the
time during the quarter versus 2% of the time in Q1 2018. This reflects higher priced offers from black-coal fired generators
(Section 1.4.2), which also coincides with higher-priced offers from the other key price setting fuel types.

Figure 8 Price-setting duration curve by fuel type o New South Wales 6 Q1 2019 versus Q1 2018
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1.4  Electricity generation

During the quarter the changing demand profile, Figure 9 Change in supply 8 Q1 2019 versus Q1 2018
capacity additions, and the pricing of dispatchable

generation induced shifts in the supply mix. Figure 9 500 -
shows the average change in generation by fuel type
compared to Q1 2018 and Figure 10 illustrates the
changes by time of day. Key shifts included:

400 -

300 A

1 An increase in rooftop and grid solar generation of
approximately 700 MW on average, with 2,173 MW of
new grid scale capacity commercing generation since
Q1 2018
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9 Black coalfired generation reduced by 133 MW on
average, reflecting: displacement by solar during the
daytime; shifts into higher priced bands; and a 217 MW
reduction in average availability. -200 -

-100 -

1 Hydro output decreased by 200 MW on average, due
to dry conditions over the quarter and low storage
levels.

-300 -

Grid solar
Gas
Hydro

1 GPGrebounded from record low quarterly output in
Q4 2018, increasingby 143 MW on average compared
to Q1 2019. This increase occurred predominantly in
the evening peak period, coinciding with higher spot
electricity prices and declining solar output.

Rooftop PV
Wind
Black coal

Brown coal

Figure 10 Change in supply 8 Q1 2019 versus Q1 2018 by time of day

2,500 A

Black B Rooft .
ac rown . Gas Hydro Solar P\(;O op . Wind

Coal Coal

2,000 A

1,500 -

1,000 -

500

Average change (MW)

-500 -

-1,000 o

-1,500 -
00:00 02:00 04:.00 06:00 0800 10:.00 12:00 14:.00 16:00 18:00 20:00 22:00 00:00
Time

© AEMO2019| Quarterly Energy Dynamics Q1 2019 1



AEMO

INSIGHTS Quarterly Energy Dynamics 0 Q1 2019

1.4.1 Wind and solar generation

Compared to Q1 2018, average large-scale wind and solar generation increased from 1,521 MW to 2,116 MW (+39%) (Figure 11).
Average wind generation increased by 201 MW and large-scale solar generation increasedby 394 MW, as additional capacity was
brought online.

The rapid deployment of large-scale solar generation has continued with five new solar farms totalling 326 MW capacity
commencing generation in Q1 2019 (Table 2). Of this new large-scale solar capacity,four solar farms commenced generation in
Queensland (231 MW), and one in South Australia (95 MW).

Figure 11 NEM wind and solar generation by region Table 2  New entrants in the NEM in Q4 2018
2,000 1 B QLD ENSW mVIC " SA EBTAS Technology New entrant Capacity (MW) Region
i I
g 1,500 —— Childers Solar Farm 56
=
E/ 1,000 - Hayman Solar Farm 50
i) ) QLD
T Lilyvale Solar Farm 100
> 500 - Solar
ga’ Oakey 1 Solar Farm 25
S 07 il d Sol
Tailem Bend Solar
<
§ Q118 Q119 Q118 Q119| Q118 Q119 Project 1 95 SA
< Large-scale Small-scale Note: Table includes new entrants that began generating during the
solar solar quarter. Several of these projects are still undergoing testing and

have yet to commence generating at full capacity.

In Q1 2019, large-scale solar met 5% of total midday operational demand, contrasting its contribution of 1% in Q1 2018 (Figure
12). The growing contribution is due to more than 2 GW of large-scale solar capacitycommencing generation since the beginning
of 2018 and was particularly marked in South Australia and Queensland, with around 8% of demand met by large-scale solar,
compared to almost no contribution in Q1 2018.

Of note, the shape of Vi ¢ t o r i-scélessolar genagation profile illustrates the impact of solar tracking technology *4: During
summer tracking systems capture more direct solar radiation for longer periods of the day. This combined with the sizing of the
inverter results in a flatter generation profile and higher capacity factors. In 2018, more than two -thirds of new grid solar capacity
came from systems utilising single-axis tracking.

Figure 12 Percentage of Q1 2018 and Q1 2019 operation al demand met by large -scale solar generation by time of day
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Between Q1 2018 andQ1 2019 average rooftop PV generation increased from 995 MW to 1,268 MW (+27%). The largest increase
was in New South Wales (®%), with substantial increases also occurring in Victoria (B%) and South Australia(28%). Increases in
generation correspond with a record amount of installed rooftop PV capacity over 2018, and 2019 so far.

14 Unlike conventional, fixed axis systems tracking solar has panels that tilt around a north -south axis to follow the sun & they face east in the morning, are horizontal
at solar noon and face west in the evening.
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1.4.2 Coal -fired generation

Total coal-fired generation reduced output by 209 MW on average compared to Q1 2018, despite higher NEM spot prices (Figure
13). By region, Queenslandblack coal-fired generation decreased by 132 MW on average, while New South Wales black coatfired
generation remained unchanged. The largest changes in average outputbetween quarters were at Liddell (+232 MW), Mt Piper
(-279 MW), Gladstone (-125 MW) and Stanwell (-74 MW) power stations. Drivers of these changes are outlined in the table below.

Brown coal-fired generation reduced by 76 MW on average when compared to Q1 2018, largely due to reduced availability and
output at Loy Yang A and Yallourn power stations.

Figure 13 Coal availability and generation Figure 14 Coal fleet & unplanned outages
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Drivers of reduced black -coal fired generation  despite higher spot prices

Compared to Q1 2018, an additional 800 MW of capacity was shifted to prices above
$100/MWh (Figure 15). This resulted in reduced dispatch of the black coal fleet at prices below

Capacity shifted into $100/MWh.

higher priced bands Some coal supply constraints may have contributed to th e shift in offers. For example, during
the quarter EnergyAustralia regularly rebid capacity at Mt Piper Power Station due to coal
conservation and/or quality issues.

Despite a 32% reduction in the number of unplanned outages compared to Q1 2018 (Figure
14'%), average black coal availability reduced by 217 MW. This was due to an increase in the
amount of time returning from these outages , taking an average of 3.6 daysto return to service
following an unplanned outage .

Reduced avail ability

The largest reduction in black-coal fired generation by time of day occurred in the middle of

Displacement by solar the day, coinciding with an average increase in solar generation of1,500-2,000 MW (Figure 10).

15 This report uses a differentmet ri ¢ to previous reports. While previous reports focussed on
generation to 0 MW in under 10 minutes), this report includes all unplanned outages.
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Figure 15 Bid supply curve o NEM black coal -fired generation
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1.4.3 Hydro generation

Hydro generation across the NEMin Q1 2019 was lower  Figure 16 Quarterly hydro output
than both Q1 2018 and Q4 2018 (-201 MW and -306

MW respectively d see Figure 16). By region: 3,000 ~
 Tasmania s quarterly average 2,500 1
consistent with historical Q1 results, but 56 MW lower 2,000 -
than Q1 2018. There was dso further contraction in g 1,500 -
output however when compared to Q4 2018. Average 1,000 H
output decreased by 392 MW, with the largest reductions 500 -

in generation from Gordon and Poatina. This reduction
c0|n0|deq wnh below avergge rainfall acrogs most of 01 02 03 04|01 02 03 04|01
Tasmania which meant their total energy in storage

reduced from around 40% at the start of the quarter to 2017
31% at quarter end (Figure 17).

B QLD EMNSW mVIC mTAS

1 New South Waleshydro generation also reduced in both
comparison periods, particularly when compared to Q1 2018. On average, output from New South Wales hydro units was 244
MW lower predominantly due to reduced output from Upper Tumu t & a product of around 350 MW shifted to higher price
bands above $100/MWh compared to Q1 2018 which coincided with dry conditions .

9 Victoria was higher than both Q1 2018 and Q4 2018 (26 and 41 MW, respectively) however the unit drivers varied slightly. The
increase in Q1 was due toincreased Dartmouth output while the shift from Q4 2018 was due to more output from Murray.
Thesechanges were primarily a function of record high spot electricity prices in Victoria (Section 1.3).

1 Queensland hydro output was at its highest level since Q2 2007, although it remained a comparatively small portion of
Queenslandgeneration (2%). The keyincreases werefrom Barron Gorge and Kareeya, which were alsooperating at record levels.

Figure 17 Hydro storage levels
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Source: Hydro Tasmani&® & Snowy Hydro”

16 https://www.hydro.com.au/water

17 https://www.snowyhydro.com.au/our -energy/water/storages/lake -levels-calculator/
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1.4.4 Gas-powered generation

In Q1 2019, GPG was dispatched at comparatively high  Figure 18 Quarterly gas -powered generation
levels, reversing the downward trend in 2018 (Figure 18).
By region, average GPG increasedin Victoria, South 3,000 -
Australia and New South Wales (+126, 96 and 68 MW,
respectively), and decreased in Tasmania and Queensland

(-92 MW and -56 MW, respectively). Tas mani ads 2,500 1 I
requirement was facilitated by increased electricity § -
imports from Victoria (Section 1.6). S 2,000 -
Contributorsto GPG6s rebodind includ §_ e
. ) . . . 3 1,500 A

9 High NEM spot prices resulting from periods of high pY

demand coinciding with coal generator outages. =

- Participants with both coal and gas-powered %:') 1,000 1

generators in their portfolio increased output at

their gas-powered generators during coal outages. 500 A
For example, EnergyAustralia ran Newport during
Yallourn outages and AGL ran Somerton more
during Loy Yang A outages.

0 -

Q1 Q2 Q3 Q4

9 Comparatively low hydro output due to dry conditions.
GPG and hydro generation typically play a peaking- 2018
generation role in the NEM, providing flexible capacity
and generating at comparatively higher levels during
peak periods.

HQLD ENSW mVIC "SA BTAS

These factors alsonecessitated an increased peaking role for GPG which was particularly evident during January 201:

1TSix of the NEM6s top 20 NEM GEFi@ured®.ys occurred in January 20109
9 25 January 2019 was

- The third highest NEM GPG dayon record.

- The highest Victorian GPG day on record 3% higher than the next highest day).

- The sixth highest South Australian GPG dayon record.
1 24 January 2019 was:

- The twelfth highest NEM GPG dayon record.

- The second highest Victorian GPG dayon record.

- Third highest South Australian GPG dayon record.

Figure 19 Top 20 NEM GPG days (by average output)
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1.45 Storage

The amount of charging or pumping by energy storage facilities in the NEM during Q1 2019 was 245 GWh, approximately 204 GWh
higher than in Q1 2018 (Figure 20'8). The increase was driven by increased pumping from Tumut 3 Wivenhoe, and Shoalhaven
coinciding with dry conditions , low dam storage levels, and relatively high spot electricity prices during peak periods. The
contribution from batteries remained relatively stable relative to the prior quarter.

Batteries recorded park spreads!® of approximately $21/MWh, a slight increase over the prior quarter (Figure 212°).
The composition of spot revenues for batteries changed over the quarter with:

9 A greater contribution from energy revenues driven by high and volatile prices in South Australia and Victoria

1 Offset by reduced FCAS revenues, driven byower FCAS priceswith the commencement of participation in FCAS markets from
newer battery installations.

Park spreads forthe pumped hydro facilities were at $1/MW h, increasing slightly over the quarter 2.

Figure 20 Quarterly charging/pumping in the NEM Figure 21 Revenue sources by storage technology
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Dispatch patterns for storage in Q1 2019 have also changed relative to Q12018. In addition to a higher amount of charging and
discharging, both pumped hydro and batteries increased charging/pumping during the middle of the day, especially during the
solar noon (Figure 22 and Figure 23). Batteries also discharged more on average during the morning (around 0600-0700 hrs), with
pumped hydro increasing generation during the evening peak.

Figure 22 Pumped Hydro - Intraday dispatch 2° Figure 23 Batteries - Intraday dispatch
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18 The EA batteries refer to the Gannawara and Ballarat Battery Energy Storage Systems that are contracted to Energy Australia, who holds theights to charge and
dispatch energy from the battery storage systems into the National Electricity Market until 2030 and 2033 respectively. Further information available [here

19 Storage arbitrage value is calculated as the estimated average spot value of energy and awillary services (spot price x energy charged/discharged) over the period
relative to the amount of charging capacity in the NEM.tedspdthegenuepohendrgy digthagea d 6
and ancillary services enabled (i.e. the price of energy or FCAS x the MWh dispatched or enabled for the period) and (ii) the estimated energy osts of charging (i.e.
the price of energy multipled by the MWh pur chas eodionfofahe charbirg capacity imMW) of storabgd e o par k
facilities in service in the NEM.

O
%)

20 The calculation of storage arbitrage value for pumped hydro excludes Tumut 3 facility as its sources of water include both pumped water from Jounama Pondage
and inflows from Tumut 1 and Tumut 2 underground power stations and into Talbingo Reservoir. Further information available [here].

21 Storage operating within a portfolio and/or with forward con tracts face different incentives for capturing spot electricity revenue than storage operating purely
under an energy arbitrage model.
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1.4.6 NEM emissions

The large increase in renewable output compared to Q1 2018, coupled with reduced coalfired generation led to Q1 2019 being
the lowest Q1 for NEM emissiors on record (Figure 24). Total emissions were2.77 MtCO,-e lower than in Q1 2018 and the grid
average emissionsintensity of 0.77 tCO,-e/MWh represents the lowest quarterly average emissions intensity on record.

Figure 24 Quarterly NEM emissions and emissions intensity (Q1s)
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1.5 Other NEM -related markets

1.5.1 Electricity futures markets

The price of calendar year (Ca)) 2020 electricity swap contracts traded on  1ope 3 Change over Q1 2019 for

the ASX rose in all regions over Q1 2019 (Figure 25). This included Cal 2020 and Cal 2021 swap prices
increases of between 12-23% for calendar year Cal 2@0 swap products
and 13-21% for Cal 2021 swap products over the quarter (Table 3).
Approximately 90% of this increase has occurred in the underlying
energy pricing component (prices <$300/MWh ).

Region Cal 20 Cal 21

>

QLD A $7.55(12%) $10.12 (18%)

Overall price increases across all regions in both Cal20 and 21 swaps
were influenced by: NSW A $12.98(18%) A $10.75(16%)
1 Gasd sustained high wholesale gas prices (Section2.2).

. . . . 0, A 0

i Coal 6 market sentiment is for thermal coal prices to remain vic 4 $17:59(23%) SHEEB(E)
comparatively high into 2020, which has the potential to influence

offers from coal-fired generators (Section 1.5.2). SA A $12.93(16%) A $8.55(13%)

i Low hydro storage levels on the mainland and Tasmania 0 Lake
Eucumbene closed the quarter at around 25% which is below the typical end-of-year closing balance and Tasmanian sbrage
levels closed at around 30% (Section 1.4.3).

1 Renewablesd concerns over delays to connection of new renewable projects as well as the impact of grid congestion 2

Q1 2020 cap prices were up in Victoria (+55%), New South Wales Q0%) and South Australia (+18%), with a small decreasein
Queensland (2%). Thelarge price increasein Victorian cap prices likely reflect concerns relating to the return of price volatility
(Section1.3.9).

22 See for example:https://reneweconomy.com.au/wind -and-solar-plants-hit-by-massive de-ratings-in-congested-grid - 96404/
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Figure 25 ASX energy & Calendar year 20 20 swap prices by region
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1.5.2 International coal prices

The average Q1 2019 spot price for high quality Australian Newcastle thermal coal (6000 kcal)was 7% lower than in Q4 2018
averaging $134/tonne (AUD). The decreasing price of premium coal was matched by the price of lower quality coal (5500 kcal)
which reduced by 4% over the quarter. These changes were driven by a reduction in Chinese demand, resulting from recovering
domestic production and changes to import policies 23. While weakening somewhat, ongoing underlying demand continued to be
reflected in the forward market, where coal futures prices remained above $120/tonne for 2019 and 2020%.

As illustrated in Figure 26, despite the reduction in intern ational coal prices, there was a small increase in theprice of offers from
black coal-fired generators in New South Wales compared to recent quarters. This suggeststhat increasing black coal offers were
not a direct result of higher input costs due to the procurement of incremental coal but more likely due to coal conservation
and/or quality issues (see Sectionl1.4.2).

Whil e much of fleat ®manah legacy el cootradts, any requirement for incremental coal (for example, due to
contract expiration or to support increased production) could expose a coal -fired generator to prices linked to the Newcastle spot
price.

Figure 26 Quarterly average international black coal spo t, futures and contract prices
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Source for Newcastle thermal spot and futures prices: Bloomberg
*Black coal offers are the wlume weighted average price of NSW black coal generatorspriced between $20-$120/MWh .

23 Department of Industry. 2019. Resources and Energy QuarterlyONLINE. Available at:
https://publications.industry.gov.au/publications/reso_urcesandenergyquarterlymarch2019/documents/Resourcesand- Energy Quarterly-March-2019-Thermal-
Coal.pdf. Accessed11 April 2019.

24 Assuming the exchange rate at the end of Q1 2019 remains constantd AUD/USD: 0.7087
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1.5.3 Environmental Markets

The Large scale Generation Certificate (LGC) spot pricalecreased by 30% to just over $33/certificate in Q1 2019 (Figure 27, Table
4). The LGC spot price has now fallen$53/certificate (-61%) sincethe beginning of 2018. Pricesin the forward market were also
lower, with Calendar Year 20prices reducing to just over $20/certificate.

As with the price reductions in Q4 2018, changes likely reflect:
1 A growing supply of LGCs as new renewablegeneration commences (Section 1.4.1).

1 The use of shortfall provisions provided under the Large-scale Renewable Energy Target (LREThpacting demand for LGCs?®
In February the CER published the results of the 2018 LRET certificate surrender, announcing that there was a total shortfadif
3.9 million LGCs(approximately 14% of total liability) .26

1 Repeated communication from the Clean Energy Regulator(CER)}hat the 2020 LRETwill be met.?’

Smallscale Technology Certificate (STC) pricefinished the quarter at $36.68/certificate, with prices steady despite the setting of
the small-scale technology percentage at a record high of 21.73%?28 The lack of downward pressure on price associated with the
high STP reflectsa large existing supply of STCs andhigh expected rooftop PV installations over 2019.2°

Figure 27 LGC spot and forward prices over Q 1 2019 Table 4  LGC prices
50 Product Change over Q1 19
—Spot ——Cal 19 Cal20 ——Cal21
Spot YV $14.5(30%)
Cal 19 YV $7.45(18%)
40 -
Cal 20 Y $1.65(7%)
O
o Cal21 YV $2.25(14%)
= 30 +
¥
20 -
10 T T
Jan-19 Feb-19 Mar-19

Source: Mercari

25 CER. 2019Surrender of large scale rerewable energy certificates and payment of shortfall chargesONLINE. Available:
http://www.cleanenergyregulator.gov.au/RET/Scheme-participants-and-industry/Renewable-Energy- Target-liable- entities/Refunds- of - large-scale-generation-
shortfall-charges#Surrender of-largescale renewable- energy- certificates-and- payment- of-shortfall - charges. Accessed10 April 2019.

26 CER 2019Certificate shortfall register ONLINE. Available:
http://www.cleanenergyregulator.gov.au/RET/Pages/Scheme%20participants%20and%20industry/Renewable%20Energy%20Target%20liable®@entities/Scheme%
20compliance/Certificate-shortfall-register.aspx Acces®d 10 April 2019.

27 CER 2019The 2018 Renewable Energy Target Annual Stateme#tProgress towards the 2020 targetONLINE. Available:
http://www.cleanenergyregulator.gov.au/About/Pages/Accountability%20and%20reporting/Administrative%20Reports/The -2018-Renewable Energy Target-
Annual-Statement- %E2%80%93Progress towards-the-2020-target.aspx. Accessed 10 April 2019.

28 CER 20192019 RPP and STP seONLINE. Available:
http://www.cleanenergyregulator.gov.au/RET/Pages/News%20and%20updates/Newsltem.aspx?Listld=19b4efbb6f5d-4637-94c4-121c1f96fcfe&ltemld=622 .
Accessed 10 April 2019.

29 CER 2019Small-scale technology percentage modelling repd. ONLINE. Availablehttp://www.cleanenergyregulator.gov.au/RET/Scheme- participants-and-
industry/the -small-scale-technology - percentage/small-scale-technology - percentage-modelling -reports. Accessed 11 April 2019.
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1.5.4 Frequency control ancillary services

In Q1 2019, frequency control ancillary services FCAS costs were $36.5 million %, representing an $18 million (-33%) reduction on
Q4 2018 levels (Figure 28). By market:

9 Contingency Raised most of the cost reductions occurred in these markets, down $15.4 million (-46%) compared to Q4 2018.
1 Regulation FCAS costs reduced by$2.3 million .

1 Contingency Lower costs remained at comparatively low levels.

Drivers of reduced costs included:

1 Increased supply from:

- Batteries 6 over the quarter, batteries increased their share of the Raise FCAS markets fronl0% in Q4 2018 to 17% in Q1
2019 (Figure 29. Hor nsdal e Power ofRlesmrket kad emamddaalatvely stable, with increased FCAS
provision coming from: Dalrymple North BESS(5% of Raise FCABand Ballarat BESS(3% of Raise FCAP This additional
supply displaced higher-priced supply from other technologies, largely coal.

- Hydro d&in addition to new supply from the two batteries, there was also a reduction in the price of offers (or return to the
market) from some existing hydro providers, resulting in increased dispatch. For example,Wivenhoe Power Station returned
to the Raise 5min FCASnarket, offering approximately 150 MW more at prices below $10/MWh than in Q4 2018.

1 Reduceddemand & compared to Q4 2018 there were reductions in demand across the Contingency Raise and Regulation FCAS
markets:

- Contingency RaiseFCASdemand reduced by 7%, which was largely a function of increased average electricity demand.

- Regulation FCAS demanddecreased by approximately 10% following a trial period 31 of increased Regulation FCASn Q4
2018. However, on 22 March, to ensure ongoing compliance with the requirements of the Frequency Operating Standards,
AEMO increased the Regulation FCAS across the mainlandegions by 50 MW. This bok the minimum quantities procured
to 180 MW of Raise Regulation and 170 MW of Lower Regulation32.

Figure 28 Quarterly FCAS costs by ser vice Figure 29 FCASsupply mix
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30 Represents preliminary data and subject to minor revisions.

31 The trial was intended to: 1. Determine the impact of revised regulation FCAS market volumes for managing frequency performance and arresting the current
degrading trend; 2. Inform recommendations for optimal management of regulation FCAS and time error. See: http://aemo.com.au/Market -
Notices?searchString=64715

2 At the time of publication, AEMO will review power system frequency performance every four weeks, and decide whether to further increase or hold the amouwnt of
regulation FCAS pracured. AEMO's decision will take into account whether frequency has remained in the NOFB for at least 99.5% of the time overthe previous
four weeks, together with any other relevant factors.
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1.6 Inter-regional transfers

Total inter-regional transfers during the quarter increasedby 5% compared to Q4 2018, but were 7% lower than in Q1 2018 (Figure
30).

Victoria to New South Wales Interconnector

During the quarter, the prevailing flow on the interconnector was 52 MW north on average, representing a 203 MW swing
compared to Q1 2018. Notably, this change in transfers occurred despite record spot electricity prices in Victoria. Higher prices in
Victoria would typically result in net flows south on the interconnector. However, despite a nominal southerly transfer limit of
1,350 MW, the average Imit for flows south during the quarter was less than 300 MW (Figure 31). This contributed to :

1 The VIG-NSW interconnector binding at its limits for 3 2% of the quarter.

1 Around $16/MWh to the price spread between Victoria and New South Wales (the remaining $51/MW h of price spread was
during pricing volatility ).

The primary driver of restricted transfers south on the VIGNSW interconnector waschangesinSnowy Hydr ods gener af
resulting from dry conditions . Hows south on the interconnector were limited by the NAMV_NIL_1 constraint 23, which bound more

for 25% of the time in Q1 2019 (compared to 14% of the time in 2018). The constraintislargelya f uncti on of Sno\
dispatch decisions. It is mainly eased by generation from Upper Tumut (and then Lower Tumut and Uranquinty), and is exacerbated

by generation at Murray in Victoria . A 78% drop in generation from Tumut and comparatively higher Murray output compared to

Q1 2018 contributed to limited flows south on the interconnector.

Other interconnectors 34

9 Tasmania to Victoria (Basslink) & reduced hydro output due to dry conditions resulted in a prevailing flow south on Basslink
(202 MW south on average), representing an 92% increaseon Q1 2018 levels. This contributed to higher Victorian electricity
spot prices over the quarter when compared to Q1 2018.

9 Victoria to South Australia & total quarterly inter -regional transfers were comparable to previous quarters, and remained evenly
balanced on a directional basis, with net average flows of 13 MW into Victoria. This contributed price convergence between the
two regions: Victoria and Sout h Aust wratfoi rmofeshan90% af thesquarterr e s et b

1 New South Wales to Queensland 0 inter-regional transfer was almost exclusivelysouth at net 468 MW on average, consistent
with Q1 2018 results.

Figure 30 Quarterly inter -regional transfers Figure 31 Limits on the VIC -NSW interconnector 6 Q1 2019
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34 F