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The supply -demand balance

A Supply and demand arebalanced
continuously and instantaneously

A Not readily storable , although \
there is some pumped hydro and ﬁ 2 kﬂ
battery storage in the NEM DEMAND

A The NEM operates at 50 Hz

A Deviating too far can cause
disconnection and damage to
equipment




What Is variability and uncertainty

Example: daily utility solar farm output
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How balancing occurs In operational

HINEIEES

Real time

A Balancing occurs over
many timeframes

Forecast accuracyncreases A Different units have

different flexible
J characteristics

FCAS
Sub 5minutes

A Getting the right resource
mix is important!

Pre-dispatch/
STPASA
{ Week ahead % PDPASA

Dispatch
Every 5minutes -
40 hours ahead -

System flexibility is the
capability of the system to
respond to expected and

unexpected changes in

net demand over all
necessary timeframes

Operational flexibility decreases







Approach

A Historical and synthetic data

A 4 sectionsd each subsequent
piece building upon the
previous to help interrogate
the data from different angles
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Building block #1 0 Generation Variability

How much is variability from
VRE (utility wind, utility solar,
DPV) expected to change to
20257

For more information refer to Section C3.2 & C7.1

A Historical 20153 2019 and
synthetic 2025 data

A 5-min resolution
A 500 million + data points

A 5-min, Xhour, 4-hour
overlapping ramp windows
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Ramp (MW)

Increasing variabllity

(@) NEM (b) New South Wales
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Size of hourly ramps in
the top 99% by month.
These are the values that
are exceeded in only 1%
of cases

Actual VRE ramp _ _
I:I DPV For more information

refer to Section C3.2
. Solar
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Increasing variabllity

Size of hourly
ramps in the top
99% by month.
These are the
values that are
exceeded in only
1% of cases

Actual VRE ramp
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Coloured bars: monthly

99" percentile upward

and downward ramp in
MW for wind, utility solar
and DPVindividually

White line : observed
monthly 99t percentile
upward and downward
ramp in MW from the
overall movement in
wind, utility solar and
DPV

This is what wasactually
observed
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Ramp (MW)
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(b) New South Wales

A The size of VRE ramps
IS growing

A Largest hourly 1%
downward VRE ramp in
the NEM was-1.4 GW,
historically

A Projected to reach
-4.5 GW by 2025

A  Diversity is important
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Building block #2 o Net Demand Variability

What is the residual variability
that would need to be covered
by the scheduled fleet in

For more information refer to Section C3.4 & C7.1

20257

A Incorporate variability from
VRE and underlying
demand

A 30-min resolution

A 1-hour, 4-hour overlapping
ramp windows



Changes In net demand

(a) 2018
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A 1-hour ramps in VRE and underlying demand & the combination of the two makes net demand
- A Measured every 30minutes for a yeard 2018 and 2025
A Different colours indicate season
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Interpreting net demand

VRE Ramp (MW)
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Q2 and Q4 underlying demand and net
VRE move in thesame direction,
offsetting one another

: Black dotted line is where the offset eachl

| other entirely and net demand ramp is O :

Q1 and Q3:underlying demand and net
VRE move in theopposite direction,
exacerbating net demand requirements




Interpreting net demand
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Increasing net demand

(a) 2018 (b) 2025
] ,
5000- Q1 Q2 5000- Qi Y Q2
Net Demand Ramp (NDR)=0.- A Np\g&r,maﬂnd ,Rarpp (NDR) =0
¥ .:.’s\,_.- - L
Syt
2500 2500
— NDR=-5GW .-~ LA NDR=+3GW  — NDR =-5 GW NDR = +3 GW
= 322 P R X {0 =
: o> s
Q. (=
E o £ 5
(4] o
o o
é g LA
> NDR =3 GW _NDR=+5GW > NDR =-3 GW “% NDR = +5 GW
2500 2500
-5000- Q4 Qs s000- Q4 Q3
- 5000 2500 0 2500 5000 ' 5000 2500 v 0 2500 5000

Underlying Demand Ramp (MW) Underlying Demand Ramp (MW)

A The magnitude of thour net demand ramps is increasing
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Building block #3 0 Uncertainty

How well do current
forecasting tools predict
variability?

Will they be fit for purpose In
a more variable system?

A AEMO wind and solar forecasting
system data

A 2018 year only
A Utility wind and solar data only

A Multiple ramp windows, lead
For more information refer to Section C4 & C7.1 timeS, rES()lUtionS y




Uncertainty | Case Study | SA 18/12/17
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Forecast variation in afternoon can be characterised according to model type:

Case study overview
A Wind event in SA

A Low-pressure system and
wind shift from NW to SW

A Localised precipitation

A Models with longer lead times (8HA, 24HA) rely on Global Numeric Weather Prediction models

A Models closer to real time (1HA) rely on persistence and SCADA from farm
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Uncertainty | Case Study | SA 18/12/17
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The ramp wasunderforecastby 699 MW



Building block #4 & System Flexibility

How will the system need to
behave to fully utilise wind and
solar resources in 2025?

A Outputs from modified
Draft 2020 ISP Central
Scenario

A Postprocessing analysis

A 30-min, Xhour, 4-hour
ramp windows

For more information refer to Section C5 & C7.2 y







