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Background and Purpose

This presentation describes the rationale for improving 

Demand Traces, and seeks stakeholder feedback. 

AEMO will also capture feedback about what is needed 

from the Demand Trace process.

Today’s agenda:

• Recap – what are demand traces (see 
previous presentation)

• Recap – the journey

• Today’s scope

• Demand trace challenges:
• Mild-year syndrome

• Emerging needs driven by the changing energy 
system

• Revisit: what do we want from Demand 
Traces? 

• Discussion
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FRG Timing Details

Oct 2020 Forecasting Enhancement Research Project

July 2021 2020 Forecast Improvement Plan progress 

update

Aug 2021 Forecasting research initiatives

Today Demand Traces – the why

Oct 2021 2021 Forecast Accuracy Report with draft 

Forecast Improvement Plan

Engagement timeline



Demand trace generation is pivotal, complex, and 
sits amidst emerging challenges and opportunities
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How might AEMO and the FRG best address demand 
trace generation challenges and opportunities?

4

Why?
What are the problem(s) and 

the opportunities?

What is the current approach 

and its challenges?

Goals and options
What are requirements for demand traces?

What options exist?

What are synthetic traces?

What goals are relevant?

Acceptance criteria
Who can contribute to validation?

What validation would suffice?

Implementation and continuous improvement
Minimum viable product?

Delivery timing

Design, Build and Test
What design trade-offs exist?

What are the priorities?



Today’s scope

• In scope today

• Discussed if required

• Out of scope today
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Demand trace challenges:
mild year syndrome
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Extreme demand simulation sets demand trace bounds, 
while the consumption forecast sets the trace’s total energy

❷ Extreme Demand Simulation

Objective: generate 

probabilistic minimum and 

maximum demand forecasts 

from weather years

❸ Demand trace formation

Objective: Scale trace to match 

the consumption forecast while 

maintaining extreme demand 

values

Increase non-extreme 

values to increase 

energy up to target

Decrease non-extreme 

values to reduce energy 

down to target
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NB: diagram portrays single day but 

extreme demand and consumption 

actually maintained at seasonal and 

annual timescale
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❶ Consumption forecast

Objective: Estimate annual consumption as 

a function of technology, electrification and 

economy.

Annual

Consumption

model

Technology, 

DER, EE,

Economic

outlooks

Annual 

Consumption 

Forecast 

(GWh)

Developed from 

consumption data history

Pre-electrification Extreme Demand Forecast

Reference Year 

weather data

Reference Year 

weather data

Reference Year 

weather data

❹ Final step: 

add EV and 

electrification

Demand trace process

Each reference year has 100 supply behaviours 

simulated against it, with combined results 

building the Unserved Energy (USE) distributions…

… but the distribution accuracy will only be as 

accurate as the demand traces it is based on…

Reference year 1 Reference year 2 Reference year 3

Demand traces for hot 

reference years will retain 

realistic proportionalities 

when slightly scaled to POE10

Demand traces for mild 

reference years will be 

less realistic when 

scaled to POE10

42°C
38°C

27°C

Example: NSW 2030-31 ESOO Central Scenario

PLEXOS 

simulations

0.002% Reliability standard

Target POE level

Mild year

Current approach: to limit distortion from mild years, only a few days are scaled to the 

target POE. However, as only demand is scaled, correlation with weather variables 

(temperature, wind, solar) diverges from real-world extreme days. 



Demand trace challenges: emerging needs driven 
from the changing energy system
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Insert key parts of 

graphic from previous 

presentation

Reference Year 

weather data

0

20

40

60

10 15 20 25 30 35 40H
a
lf
-h

o
u

rl
y
 t

e
m

p
e
ra

tu
re

 

('
C

)

Three day rolling temperature ('C)

Fortnight 15 (Summer)

Neutral La Nina El Nino0

20

40

60

10 15 20 25 30 35 40H
a
lf
-h

o
u

rl
y
 t

e
m

p
e
ra

tu
re

 

('
C

)

Three day rolling temperature ('C)

Fortnight 15 (Summer)

Neutral La Nina El Nino0

20

40

60

10 15 20 25 30 35 40H
a
lf
-h

o
u

rl
y
 t

e
m

p
e
ra

tu
re

 

('
C

)

Three day rolling temperature ('C)

Fortnight 15 (Summer)

Neutral La Nina El Nino

Extreme demand simulation sets demand trace bounds, 
while the consumption forecast sets the trace’s total energy

❷ Extreme Demand Simulation

Objective: generate 

probabilistic minimum and 

maximum demand forecasts 

from weather years

❸ Demand trace formation

Objective: Scale trace to match 

the consumption forecast while 

maintaining extreme demand 

values

Increase non-extreme 

values to increase 

energy up to target

Decrease non-extreme 

values to reduce energy 

down to target
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NB: diagram portrays single day but 

extreme demand and consumption 

actually maintained at seasonal and 

annual timescale
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❶ Consumption forecast

Objective: Estimate annual consumption as 

a function of technology, electrification and 

economy.
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❹ Final step: 

add EV and 

electrification

Demand trace process Historical expectations of output:

• Designed for max demand and 

determining unserved energy

• Useful for peak season

Emerging expectations of output:

• Also suitable for min demand

• Useful for both peak and shoulder seasons

Changing energy system

• Minimum demand more important as PV grows 

• Thermal generators and transmission outages in shoulder season 

lead to potential for shoulder season capacity shortages

• Winter demand may rise with electrification, and summer may get 

longer due to climate change, so available shoulder season for 

outages shrinks

• Increased reliance on variable renewable generation to meet 

demand as thermal plant retire

Need for 

additional 

weather years 

to better reflect 

possible 

supply/demand 

interactions



Demand trace challenges: the available reference years are 
insufficient to capture the full range of weather diversity
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Real world phenomena and 

their correlations…
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… drive an incredibly diverse range of potential 

combinations…
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… of which only some will be sampled with the 

currently available set of 10 reference years

2013

2014

2015

2016

In this illustration, a particular combination (   ) 

does not occur within the available reference years

2017

Positive and negative correlations

Heat waves

Solar 

generation 

extremes

Wind 

droughts

Hypothetical 

phenomena

diversity /

clustering*

Capturing a broader set of phenomena is increasingly important 

as the energy system moves towards 100% instantaneous 

penetration of Variable Renewable Energy (VRE).



What do AEMO and stakeholders 
want from demand traces?
What characteristics are we seeking from current and future demand traces?

• Account for demand generated from weather patterns

• Both current and future weather patterns

• Use many more weather years (and corresponding demand traces) in reliability forecasts

• Account for temporal demand drivers (day of week, time of day, trend)

• As affected by new technologies, electrification, etc. 

Traces should allow for:

• Calculation of unserved energy in the subsequent market modelling, allowing:

• Assessment of whether reliability standard is met

• Identification of problematic timing of generator or network outages

• Minimum demand analysis, especially for system security assessment

• Identification of scenario-specific future generation and transmission expansion requirements

• Assessment of timing and economics of network investments

• What-if studies, such as:

• High inverter based instantaneous penetration (mainland NEM) – frequency and duration

• Ramping events

• Low coincident renewable generation events such as wind droughts
9

Incorporation of correlation 

between demand, 

renewable generation and 

time. Also, spatially between 

neighbouring regions.

Intuitive 

and 

accessible

or

Will trace approach deliver?

Key: Updated



Discussion
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Does this slide capture the 
emerging needs as the energy 
system changes?

Are there any other 
Demand Trace 
requirements to be 
considered?


