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CONSLLTING

Introduction
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half-hourly electricity demand
w The tool takes the following inputs:
¢ half-hourly historical timeseries (trace),
¢ a future annual energy forecast
¢ 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 tisexies

w While the tool can be applied to produce demand profiles for any energy
market, this presentation focusses on the context of eastern Australia




CONSLLTING

The Australian context

ROAM models the halfourly electricity demand in eaddational Electricity
Market (NEM)egion for spot price forecasting using its dispatch engréC
a2 FT2NBXaSSto

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

AEMO revisetheir annual peak and energy forecasts of demand at the end of
every financiayear

ROAM has developed the Trace Extrapolator (TEXarnsform a haknhourly
demandtracefrom a historicalyear(reference year) int@ futureyear, 5
YSSUAY3I 1'9ahQa Fyydadt SySNHeé | yR LJ
the half hourly load characteristics of the reference trace
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AEMO’' s publ i1 shed

w AEMO produces forecasts of:
¢ Total energy expectation on an annual basis
w High (H), Medium (M) and Low (L) economic growth projections
¢ Peak demand in winter and summer

w 10%, 50% and 90% probability of exceedence (POE) peak demand forecasts for each energy
projection

¢ Penetration of embedded rooftop PV systems
wa2RSNFYaGSsz w{tz2g ! LIWI1SQ YR WwlLAR ! LXI]1SQ

w Naming conventions used by ROAM
¢ Combination of letters and numbers to represent Energy and Peak demand target

¢ E.g., M50 is the energy consumed for a medium economic growth scenario with a
50% POE peak demand forecast
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ENERGY MODELLING EXPERTISE
Historical years | Forecasts
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A breakdown of AE M

w AEMO publishes energy forecasts for
Industrial customers

Residential and commercial customers
Rooftop PV

Small norscheduled generation
Energy efficiency measures
Transmission losses
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w wh! a @& market model incorporates all scheduled, ssohieduled and significant nen
scheduled generators

w The most appropriate load forecast to use in thd-€ model is therefore that which is net of
savings from energy efficiency as well as smallswreduled generation

w 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




CORBOLTING
L oad forecasting with the TEX

w The aims othe TEX aréo:

¢ Take a year of historical hdiburly electricity demand data (reference
trace)

¢ Modify this reference trace to create a future year, simultaneously

meetingannualenergy summer peak andiinter peak targets for all
future years

¢ Forecasts can be created using any projection of demand and energy
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The TEX philosophy
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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 yeatr.

w The TEX maintains:

¢ the daily profile of thedemand from the reference trace,

¢ 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

¢ The halfhourly coincidence of demand with available renewable energy such as
wind and solar generation. This allows ROAM to produce an operational demand
GNJ OS | FG4SNI ySidAy shoudlyfrdoftopPV ganerationfad? &R S £
future year.
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ROAM' s refer enc:¢

w wh! aQad8 NBFTSNBYOS f2FR UNFOSa INB 3l
contains all load consumed, which has been supplied from:
¢ Scheduled generators
¢ Significant norscheduled generators
¢ Nonsignificant norscheduled generation is not included in the reference trace

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

w C2NBOlFadg GNI OS& dza
1l 9ahQa GFNBSGaz SE
¢ Nonsignificant norscheduled generation
¢ Energy saved through energy efficiency measures

R AY wh! aQa Y2RSH
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Overview o
demand forecasting
methodology

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

The forecasRCdemandis added
to the forecast industrial load
andthe forecast rooftop PV
generationis subtracted from
that to give the demand to be
met by scheduled, semi
scheduled andgignificant non
scheduledyenerators.

Reference year demand trace components

AEMO
scheduled +
semi-scheduled
demand

AEMO
significant
non-scheduled
generation
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Forecast demand and rooftop PV
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ENERGY MODELLING EXPERTISE

Components of the

forecast demand on ”
a two selected days s>
(illustrative only) HES
= 4000
The charts illustrate the output of the 2
TEX, showing the forecast 1009
components of demand-:industrial PP PP PP SIS L L PSP
(ba.seload) demand, NEM tmdmglntewal ;erio:! en;lng:m ISNO\;mb:rz;’l? T
- residential and commercial (RC) -
demand, and 10000
- the component of RC demand that g s
is served from rooftop PV. i .
:

Two charts are shown to illustrate the

differences in the daily profile and -
rooftop PV components in summer o

. R . "‘Q x°’° -t”’Q T Y A . N . T .
and Wlnter. e hd N S N Y N v W 0% W

NEM trading interval period ending on 1 July 2017

M Industrial M Residential and commercial consumption (RC) B Component of RC consumption met by Rooftop PV
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Why use multiple reference years?

w 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
shaps, etc.

w Extrapolating historical reference years of Haturly 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)

w However, the forecast traces based on different reference years differ in the

following (not exhaustive) aspects:
¢ ¢CKS aLISF1AySaaéd 2F GKS RSYlFIYRY (KS LINPRLIZ2NIA?Z2
to the maximum demand. This influences spadrket pricing and reliability outcomes.

¢ Theamount of wind and solar energy duringry 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.

12




South Austr
demands for 6 reference
years

ROAM comparedEX demand trace
for different reference yearby
normalising themn terms of peak
demand and annual energy for eas
of comparison.

ROAMfoundthe reference years cal
differ greatly in the highest 500
demand periods

The charts shows that 201101 was a
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ENERGY MODEL

Highest 500 demand periods
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few hours at very high demands for
South Australia.

investigated this issue in more detail.
http://roamconsulting.com.au/roam_insight.php

ROAI
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ENERGY MODELLING EXPERTISE

Capacity factor of
201718wind generation .«
In top demand periods
for 6 reference years

40%

ity factor

30%

ROAM also analysed the wind and soﬁar
generation during the top peak 20
demand periods (demands above the
85 percentile) in each reference year. **

0%

The Chart (nght) ShOWS Significant 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12
Variation betweerthe referencwears ——Queensland ~——New South Wales ——Victoria ——South Australia ——Tasmania

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

w The TEX takes a h&iburly timed SNA Sa GG NJ OS¢ ¥
reference yeaand extrapolates it to future years for modelling in
wh ! a Q ahouHyldispatch engine,-2-C

w It can extrapolate:

¢ Loads/Demand
¢ Largescale wind and solar generation

¢ Rooftop PV generation
¢ Other traces, such dsydrological inflows

15
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Day shifting

w Itis important to maintain theelationship between load shape and the
daysof the week
¢ Weekdays and weekends typically result in different load shapes

¢ Forecast traces need to consider the differences in load drivers which different
days of the week possess to ensure these load shapes are maintained

¢ Public holidays also need to be carefully considered in all load forecasts

w Dayshifting involves shifting the referengear trace by betweerd and
+3 days to maintain the days of tieek in future years
¢ 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
w All forecasts (demandvind, solar, etc.) undergo the same eghifting in
future years. This ensurdisat the influence the weather has on demand,
wind and solar generation is consistent

16
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ENERGY MODELLING EXPERTISE

Season definitions

w Inthe2013 NEFRAEMOhave definedhe seasons as follows:

IJIFIMIAIMIJIJIAISIOIN:IDIJIFl:MIAIMIJI

| Summer |
- mainland regions
Summer
Tasmania
wButi KSé R2y Qi RSTAYS ¢gKIG akKz2dzZ R K
w Wemodelled the seasons to meet halfay (except Tasmanig since the

M FIMIAIMIJIJIAI s'o'N'D'J'F'M'A'M 71 | peak demand is
higher in Nov and

. Summer
| _ mainland regions Mar than Dec, Jan

Summer | and Feb)
Tasmania 17
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Load forecasting steps

w The TEX performs load forecasting with the following steps:

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

¢ Dayshift the referenceyear trace to the future forecast year

¢ Replace the demand for all public holidays in the future ya#r the demand profile from
the nearest Sunday

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

¢ Complete the above steps for all requested future years pl(gnce part of the extra year

will be needed; see the next slide)
18




CoNsbLNG
Load forecasting steps (cont.)

¢ Loop through all future years, compiling composite years to define unbroken
seasons  sooco . *

7500

2016-17 ‘  2017-18

7000

5500

5000

53500 §

Demand (MW)

5000
4500 Summer
4000
3500

3000 1 1 1 1 1 1 1
10/2016 01/2017 04/201 1 07/2017 10/2017 01/2018 04/2018 07/2018

10/2016 0O1/2017 04/201 07/2017 10/2017 01/2018 04/2018 07/2018

Composite year 19
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Load forecasting steps (cont.)

¢ Runwh! aQa ! NAGKYSGAO tagBrithin oniebch éomnpogite yvedd, I £ A y 3
targeting the nearest annual energy and the summer and winter peaks

¢ Thisalgorithm will ensure that the peak demands (summer and winter) will be accurate, and
Fd GKS WNRAIKGQ GAYSZI |f0K2dzaAK FyydzZ f Sy SNI

250

Scaling of the demand with the APS algorithm,

= showing three possible functions. ROAM

The APS algorithm scales 150 typically uses the red one.

the demand to get the 100

energy close to right, and : k

then applies a correction 0 N - — a
factor to hit the right peak, PO = T S s

in each composite season.

P(X) is the percentile of the demand when
sorted from the minimum (P(X) = 0.0) to the
maximum (P(X) = 1.0).

20




CoNsbLNG
Load forecasting steps (cont.)

¢ Put the financial years battigetherand usew h | a Q & AntHéd-S€efing (TAS)
algorithm to target the summer peak, energy and highest winter peak with the
applicable targets

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.

Summer Peak Winter Peak

1 T T
Reference trace \
3 ) )

It is like the APS T but in the

time domain. By applying i ] ' ‘ , [ ‘ x ]

the APS algorithm in 015} A .
tandem with the TAS @ Ih -
algorithm we ensure that the o=r i \\ /’ :
peak demands AND energy 0 o PO o Pt |
targets are achieved 005 00 o & & T T L R
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ENERGY MODELLING EXPERTISE

Example forecast trace produced

for Queensland for 20224 | | T eonce tacs
based on the 20123 reference — e
year , usi ng AEMgm
forecasts S oo \\

i \
Note that the demand shown % 8000 '\' u ‘ \‘H |\ ‘ l
excludes large industrial demand. & ool i ‘\ ‘ ‘ il ‘”‘ ‘ ‘ \|\ "

| ||‘ il ‘m W |

4000

The weather patterns influencing
the demand peaks from Week tO 3023 0972023 0172024 0412024
week inthe reference yeaare

preserved in the forecast year.

22




ENERGY MODELLING EXPERTISE

Time of day average of forecast
trace produced for Queensland
for 202324 based on the
2012-13 reference year, using
AEMO’ s M50 deman

6500
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Note that the demand shown
excludes large industrial demand.

5000

Average demand/generation (MW)

4s0or Time of day (AEST)

4000

Reference trace

The timeof-day average shape of Reference rac
the demand in the reference year T R
Is preserved in the forecast year.
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ENERGY MODELLING EXPERTISE

Example forecast trace produced
for South Australia for 20224 ‘ ‘ —
based on the 2013 reference
year , using AEMO
forecasts
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the demand peaks from week to
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preserved in the forecast year.
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ENERGY MODELLING EXPERTISE

Example timeof-day average
produced for South Australia for
202324 based on the 20123
reference year,
M50 demand forecasts

Note that the demand shown
excludes large industrial demand.

Time of day (AEST)

Reference trace

The timeof-day average shape of Reference ira
the demand in the reference year o s e e 12 15 18 21
Is preserved in the forecagear.
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ENERGY MODELLING EXPERTISE

Other considerations

w In modelling the future halhourly demand, ROAM also considers:

¢ Storage deviceare likely to be a significant influence on energy demand in the
not-too-distant future. ROAM uses its®GIpt model to allow storage devices to
interact in the electricity market and shift demand around at different times of
the day or week.

¢ Electric Vehicleg$EVs) are a potentially significant additional load on the syster
that will change the daily profile in demand that we see today. They can also ¢
as a storage device

26




CONSLLTING

Conclusions

w w h ! aTéaae Extrapolator (TEXansformsa halthourly demand
time-series (trace) frona historical financial year into a future financi
8SINE YSSiUAY3I ! 9ahQa | yigrdeasts Sy

w The TEX maintains the daily profile and seasonal patterns in the lo
trace, while meeting the energy and peak demand targets

w The TEX also extrapolates laiggale wind, solar and rooftop PV trace
from historical years to correspond with the future demand traces
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QUESTIONS? £

t f SFAaS R2y Qi KSaa u-.- G2 3ISG Ay 0
info@roamconsulting.com.au
http://roamconsulting.com.au
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