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Introduction 
ω ¢Ƙƛǎ ǇǊŜǎŜƴǘŀǘƛƻƴ ŘŜǎŎǊƛōŜǎ wh!a /ƻƴǎǳƭǘƛƴƎΩǎ ǘƻƻƭ ŦƻǊ ƳƻŘŜƭƭƛƴƎ ŦǳǘǳǊŜ 

half-hourly electricity demand 

ω The tool takes the following inputs:  
ς half-hourly historical time-series (trace),  

ς a future annual energy forecast  

ς summer and winter peak demand forecasts 

      and produces a future demand trace which meets the forecast growth 
targets and maintains the shape of the historical time-series 

ω While the tool can be applied to produce demand profiles for any energy 
market, this presentation focusses on the context of eastern Australia 
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The Australian context 
ω ROAM models the half-hourly electricity demand in each National Electricity 

Market (NEM) region for spot price forecasting using its dispatch engine, 2-4-C 
όάǘƻ ŦƻǊŜǎŜŜέύ 
 

ω The Australian Energy Market Operator (AEMO) is responsible for developing 
demand forecasts for the Australian NEM 
 

ω AEMO revises their annual peak and energy forecasts of demand at the end of 
every financial year 
 

ω ROAM has developed the Trace Extrapolator (TEX) to transform a half-hourly 
demand trace from a historical year (reference year) into a future year, 
ƳŜŜǘƛƴƎ !9ahΩǎ ŀƴƴǳŀƭ ŜƴŜǊƎȅ ŀƴŘ ǇŜŀƪ ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘǎ ǿƘƛƭŜ ƳŀƛƴǘŀƛƴƛƴƎ 
the half hourly load characteristics of the reference trace 
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AEMO’s published load forecasts 
ω AEMO produces forecasts of: 

ς Total energy expectation on an annual basis 
ω High (H), Medium (M) and Low (L) economic growth projections 

ς Peak demand in winter and summer 
ω 10%, 50% and 90% probability of exceedence (POE) peak demand forecasts for each energy 

projection 

ς Penetration of embedded rooftop PV systems 
ωaƻŘŜǊŀǘŜΣ Ψ{ƭƻǿ ¦ǇǘŀƪŜΩ ŀƴŘ ΨwŀǇƛŘ ¦ǇǘŀƪŜΩ 

 
ω Naming conventions used by ROAM 

ς Combination of letters and numbers to represent Energy and Peak demand target 
ς E.g., M50 is the energy consumed for a medium economic growth scenario with a 

50% POE peak demand forecast 
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Queensland medium energy demand forecasts with eight historical years 
SOURCE: NATIONAL ELECTRICITY FORECASTING REPORT (NEFR) 2013, AEMO 
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Historical years Forecasts 



A breakdown of AEMO’s load forecasts 
ω AEMO publishes energy forecasts for 

ς Industrial customers 
ς Residential and commercial customers 
ς Rooftop PV 
ς Small non-scheduled generation 
ς Energy efficiency measures 
ς Transmission losses 

 
ω wh!aΩǎ н-4-C market model incorporates all scheduled, semi-scheduled and significant non-

scheduled generators 
 

ω The most appropriate load forecast to use in the 2-4-C model is therefore that which is net of 
savings from energy efficiency as well as small non-scheduled generation 
 

ω PV is modelled explicitly by ROAM to allow for the changing profile and growth rates for PV uptake. 
PV growth is largely independent of the economic growth scenario 
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Load forecasting with the TEX 
ωThe aims of the TEX are to: 

ςTake a year of historical half-hourly electricity demand data (reference 
trace) 

ςModify this reference trace to create a future year, simultaneously 
meeting annual energy, summer peak and winter peak targets for all 
future years  

ςForecasts can be created using any projection of demand and energy 
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The TEX philosophy 
ω !9ahΩǎ ǇŜŀƪ ŘŜƳŀƴŘ ǘŀǊƎŜǘǎ ǊŜŦƭŜŎǘ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜǊǎΩ ǊŜǎǇƻƴǎŜ ƻƴ ǘƘŜ Ƴƻǎǘ 

extreme summer and winter day in a given year in the future. The 10, 50 and 90% 
POE peaks characterise varying degrees of severity of the weather and how the 
peak demand is affected in only one period in summer and winter in each year. 
This is a very coarse representation of the weather for a future year. 

ω The TEX maintains: 

ς the daily profile of the demand from the reference trace,  

ς Other aspects of the weather in the reference year, such as heat waves where the 
peak demand was consistently high for a number of consecutive days 

ς The half-hourly coincidence of demand with available renewable energy such as 
wind and solar generation. This allows ROAM to produce an operational demand 
ǘǊŀŎŜ ŀŦǘŜǊ ƴŜǘǘƛƴƎ ƻŦŦ wh!aΩǎ ƳƻŘŜƭƭŜŘ ƘŀƭŦ-hourly rooftop PV generation for a 
future year. 
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ROAM’s reference load traces 
ω wh!aΩǎ ǊŜŦŜǊŜƴŎŜ ƭƻŀŘ ǘǊŀŎŜǎ ŀǊŜ ƎŀǘƘŜǊŜŘ ŦǊƻƳ ǇǳōƭƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ǿƘƛŎƘ 

contains all load consumed, which has been supplied from: 
ς Scheduled generators 
ς Significant non-scheduled generators 
ς Non-significant non-scheduled generation is not included in the reference trace 

 

ω ROAM uses historical Bureau of Meteorology (BOM) data to construct half hourly 
rooftop PV reference traces using our Solar Energy Simulation Tool (SEST) 
 

ω CƻǊŜŎŀǎǘ ǘǊŀŎŜǎ ǳǎŜŘ ƛƴ wh!aΩǎ ƳƻŘŜƭǎ ǎƘƻǳƭŘ ŎƻƴǎƛŘŜǊ ŀƭƭ ƭƻŀŘ ŜƭŜƳŜƴǘǎ ƛƴ 
!9ahΩǎ ǘŀǊƎŜǘǎΣ ŜȄŎŜǇǘΥ 
ς Non-significant non-scheduled generation 
ς Energy saved through energy efficiency measures 
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Overview of ROAM’s 
demand forecasting 
methodology 

This chart shows the flow 
diagram of the different 
components of demand and 
when they are added or 
subtracted. 

 

The forecast RC demand is added 
to the forecast industrial load 
and the forecast rooftop PV 
generation is subtracted from 
that to give the demand to be 
met by scheduled, semi-
scheduled and significant non-
scheduled generators. 
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Components of the 
forecast demand on  
a two selected days 
(illustrative only) 

The charts illustrate the output of the 
TEX, showing the forecast 
components of demand : - industrial 
(baseload) demand, 

- residential and commercial (RC) 
demand, and  

- the component of RC demand that 
is served from rooftop PV. 

 

Two charts are shown to illustrate the 
differences in the daily profile and 
rooftop PV components in summer 
and winter. 
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Why use multiple reference years? 
ω The weather is different every year, and some of the main influences on electricity 

demand are the magnitude and frequency of heat waves, the extremity of cold 
snaps, etc. 

ω Extrapolating historical reference years of half-hourly demand to meet the same 
future energy and demand targets standardises the highest demands reached in 
summer and winter (which are most likely to due to temperature extremes) 

ω However, the forecast traces based on different reference years differ in the 
following (not exhaustive) aspects: 
ς ¢ƘŜ άǇŜŀƪƛƴŜǎǎέ ƻŦ ǘƘŜ ŘŜƳŀƴŘΥ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƛƳŜ ǘƘŜ ŘŜƳŀƴŘ ƛǎ ŀǘ ǾŜǊȅ ƘƛƎƘ ŘŜƳŀƴŘǎΣ ŎƭƻǎŜ 

to the maximum demand. This influences spot-market pricing and reliability outcomes. 

ς The amount of wind and solar energy during very high demand periods. This influences the 
contribution these renewable generators have to very high demand periods and the average pool 
revenues these plant receive from their generation. 
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South Australia’s top 500 
demands for 6 reference 
years 

ROAM compared TEX demand traces 
for different reference years by 
normalising them in terms of peak 
demand and annual energy for ease 
of comparison.  

ROAM found the reference years can 
differ greatly in the highest 500 
demand periods. 

 

The charts shows that 2010-11 was a 
ǇŀǊǘƛŎǳƭŀǊƭȅ άǇŜŀƪȅέ ȅŜŀǊ ǿƛǘƘ ƻƴƭȅ ŀ 
few hours at very high demands for 
South Australia. 
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ROAMôs annual report, ROAM Insight Issue #16 

investigated this issue in more detail. 

http://roamconsulting.com.au/roam_insight.php  

http://roamconsulting.com.au/roam_insight.php
http://roamconsulting.com.au/roam_insight.php


Capacity factor of  
2017-18 wind generation 
in top demand periods 
for 6 reference years 

ROAM also analysed the wind and solar 
generation during the top peak 
demand periods (demands above the 
85th percentile) in each reference year. 

 

The chart (right) shows significant 
variation between the reference years 
with relation to the average wind 
generated during the very high 
demand periods. This demonstrates 
the variability in wind contribution to 
peak demand. 
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The Trace Extrapolator 
 

ωThe TEX takes a half-hourly time-ǎŜǊƛŜǎ άǘǊŀŎŜέ ŦƻǊ ŀƴ ƘƛǎǘƻǊƛŎŀƭ 
reference year and extrapolates it to future years for modelling in 
wh!aΩǎ ƘŀƭŦ-hourly dispatch engine, 2-4-C 

ω It can extrapolate: 
ς Loads/Demand 

ς Large-scale wind and solar generation 

ςRooftop PV generation 

ς Other traces, such as hydrological inflows 
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Day shifting 
ω It is important to maintain the relationship between load shape and the 

days of the week 
ς Weekdays and weekends typically result in different load shapes 
ς Forecast traces need to consider the differences in load drivers which different 

days of the week possess to ensure these load shapes are maintained 
ς Public holidays also need to be carefully considered in all load forecasts 

ω Day-shifting involves shifting the reference-year trace by between -4 and 
+3 days to maintain the days of the week in future years 
ς i.e. the trace on a Tuesday in the reference year will still be on a Tuesday in all 

future years in the TEX output 

ω All forecasts (demand, wind, solar, etc.) undergo the same day-shifting in 
future years. This ensures that the influence the weather has on demand, 
wind and solar generation is consistent 
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Season definitions 
ω In the 2013 NEFR, AEMO have defined the seasons as follows: 

 

 

 

 

ω But ǘƘŜȅ ŘƻƴΩǘ ŘŜŦƛƴŜ ǿƘŀǘ ǎƘƻǳƭŘ ƘŀǇǇŜƴ ƛƴ ǘƘŜ ƻǘƘŜǊ ƳƻƴǘƘǎ 

ω We modelled the seasons to meet half-way   (except 
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Winter 

all regions 

Summer 

Tasmania 

Summer 

mainland regions 

J F M A M J J A S O N D J F M A M J 

Winter 

mainland regions 

Summer 

Tasmania 

Summer 

mainland regions 

Winter 

Tasmania 

Tasmania ς since the 
peak demand is 
higher in Nov and 
Mar than Dec, Jan 
and Feb) 



Load forecasting steps 
ω The TEX performs load forecasting with the following steps: 

ς Remove all public holidays from the reference trace, by replacing them with a nearby demand 
profile from the same day of the week that was not: 
ω a public holiday as well, or 

ω the annual peak demand day 

 

ς Day-shift the reference-year trace to the future forecast year 

 

ς Replace the demand for all public holidays in the future year with the demand profile from 
the nearest Sunday 

 

ς If the annual peak demand in the trace needs to be decreased, apply a compression algorithm 
to meet the annual energy and annual peak (could be summer or winter) 

 

ς Complete the above steps for all requested future years plus 1 (since part of the extra year 
will be needed ς see the next slide) 
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Load forecasting steps (cont.) 
ς Loop through all future years, compiling composite years to define unbroken 

seasons. 
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2016-17 2017-18 

Composite year 

Winter Summer 



Load forecasting steps (cont.) 
ς Run wh!aΩǎ !ǊƛǘƘƳŜǘƛŎ tǊƻōŀōƛƭƛǎǘƛŎ {ŎŀƭƛƴƎ ό!t{ύ algorithm on each composite year, 

targeting the nearest annual energy and the summer and winter peaks 

ς This algorithm will ensure that the peak demands (summer and winter) will be accurate, and 
ŀǘ ǘƘŜ ΨǊƛƎƘǘΩ ǘƛƳŜΣ ŀƭǘƘƻǳƎƘ ŀƴƴǳŀƭ ŜƴŜǊƎȅ Ƴŀȅ ōŜ ŎƻƳǇǊƻƳƛǎŜŘ ƛƴ ǘƘƛǎ ǎǘŜǇ 

20 

The APS algorithm scales 

the demand to get the 

energy close to right, and 

then applies a correction 

factor to hit the right peak, 

in each composite season. 

Scaling of the demand with the APS algorithm, 

showing three possible functions. ROAM 

typically uses the red one. 

P(X) is the percentile of the demand when 

sorted from the minimum (P(X) = 0.0) to the 

maximum (P(X) = 1.0). 



Load forecasting steps (cont.) 
ς Put the financial years back together and use wh!aΩǎ ¢ǊŀŎŜ Anchor Scaling (TAS) 

algorithm to target the summer peak, energy and highest winter peak with the 
applicable targets 
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The TAS algorithm scales 

the demand to get the 

energy right, and then 

applies a correction factor to 

hit the right peaks, without 

changing the energy.  

 
 

It is like the APS ï but in the 

time domain. By applying 

the APS algorithm in 

tandem with the TAS 

algorithm we ensure that the 

peak demands AND energy 

targets are achieved 



Example forecast trace produced 
for Queensland for 2023-24 
based on the 2012-13 reference 
year, using AEMO’s M50 demand 
forecasts 
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Note that the demand shown 
excludes large industrial demand. 

 

The weather patterns influencing 
the demand peaks from week to 
week in the reference year are 
preserved in the forecast year. 

 



Time of day average of forecast 
trace produced for Queensland 
for 2023-24 based on the  
2012-13 reference year, using 
AEMO’s M50 demand forecasts 
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Note that the demand shown 
excludes large industrial demand. 

 

The time-of-day average shape of 
the demand in the reference year 
is preserved in the forecast year. 

Time of day (AEST) 

 



Example forecast trace produced 
for South Australia for 2023-24 
based on the 2012-13 reference 
year, using AEMO’s M50 demand 
forecasts 
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Note that the demand shown 
excludes large industrial demand. 

 

The weather patterns influencing 
the demand peaks from week to 
week in the reference year are 
preserved in the forecast year. 

 



Example time-of-day average 
produced for South Australia for 
2023-24 based on the 2012-13 
reference year, using AEMO’s 
M50 demand forecasts 
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Note that the demand shown 
excludes large industrial demand. 

 

The time-of-day average shape of 
the demand in the reference year 
is preserved in the forecast year. 

Time of day (AEST) 

 



Other considerations 
ω In modelling the future half-hourly demand, ROAM also considers: 
ς Storage devices are likely to be a significant influence on energy demand in the 

not-too-distant future. ROAM uses its H2Opt model to allow storage devices to 
interact in the electricity market and shift demand around at different times of 
the day or week. 

ς Electric Vehicles (EVs) are a potentially significant additional load on the system 
that will change the daily profile in demand that we see today. They can also act 
as a storage device. 
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Conclusions 
ωwh!aΩǎ Trace Extrapolator (TEX) transforms a half-hourly demand 

time-series (trace) from a historical financial year into a future financial 
ȅŜŀǊΣ ƳŜŜǘƛƴƎ !9ahΩǎ ŀƴƴǳŀƭ ŜƴŜǊƎȅ ŀƴŘ ǇŜŀƪ ŘŜƳŀƴŘ forecasts 

 

ωThe TEX maintains the daily profile and seasonal patterns in the load 
trace, while meeting the energy and peak demand targets  

 

ωThe TEX also extrapolates large-scale wind, solar and rooftop PV traces 
from historical years to correspond with the future demand traces 
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QUESTIONS? 
tƭŜŀǎŜ ŘƻƴΩǘ ƘŜǎƛǘŀǘŜ ǘƻ ƎŜǘ ƛƴ ǘƻǳŎƘΦ 
info@roamconsulting.com.au 
http://roamconsulting.com.au/  
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