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Executive summary

TheAustralian Energy Market Operator (AEMO) has engaged ACIL Allen Consulting

Allen) to help it develop a methodology for forecasting gas consumption in eastern al
soutkeastern Australia. AEMO will apply the methodology during the secortd half of 2
produce forecasts that will be included in the inaugural National Gas Forecasting Re|
(NGFR).

ACIL Allen developed the methodology based on a review of past forecasting approe
and drawing on ACIL AIlIIl endsnimtheenergyx per i
and water industries. It consulted with industry stakeholders at the early stages of the
and when a draft methodology had been developed.

Following that process, ACIL Allen recommends the following methodology for forece
gas casumption in eastern and ssagtern Australia.

1. specify and describe the forecast area to which forecasts will relate. This might be
state or a much smaller area. AEMO should prepare a schematic summarising ke
characteristics of each forecast areasuc
a) data sources
b) large customers
c) distribution networks
d) consumption sources that will be omitted and forecast independently

2. gather data from the sources identified in the forecast area
3. disaggregate data to the level at which forecasts are desired:

a) AEMO mawish to produce forecasts for the residential, business, small indust
and large industrial sectors separately, in which case aggregated data will us|
need to be disaggregated

b) AEMO may wish to produce forecasts on a seasonal basis, innvhiah case a
data series will usually need to be disaggregated

4. identify o6l arge industriald customer
6survey approacho

b, adjust the available data series to
other custmers whose use is to be forecast separately (such as gas fired power
stations connected to the National Electricity Market)

6. use the econometric approach to forecast consumption by residential, business a
small industrial customers (i.e. all butdasgesl) as follows:

a) identify likely drivers of gas consumption and obtain measures of these includ

projections
b) estimate regression models to explain historical consumption using the driver
a O sbescetcotror 6 basis i f required)

c) produce baselifteecasts by applying projections of the relevant drivers to the
estimated models

d) make poshodel adjustments as appropriate to account for anticipated, but
unprecedented, changes in consumption

GAS CONSUMPTION FORECASTING A METHODOLOGY ||
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7. use the survey method to produce forecasts of consilangéiamdongtrial users as

follows:

a) identify consumption of large industrial customers on the most granular level :
which data are available

b) survey individual users to identify plans and expectations to increase or reduc
consumption

c) produce forecasts the basis that consumption in future will be the same as it
was in the past except where likely changes can be identified

The independent forecasts produced by these methods would then be added togethe
produce total forecasts.

The same approachishod be applied independently

The necessary data for these approache
Australian gas markets is different to its role in the NEM. One result of this is that the
whichAEMOhasc cess in the gas mar ket O6captu
than is the case for electricity.

In some cases the inputs to the forecasting process will present a key source of unce
about consumption. A key part of the recommethdddlogy is that AEMO makes clear
statements in the NGFR about the inputs to its forecasts. In some cases those stater
may be somewhat controversial. For exeée
based on expectations for future econarnicgreré. However, there is no escaping the
requirement for this to be incorporated in the forecasts. The alternative is to be uncle
about the position that AEMO has taken in relation to these factors. This would creat
substantial uncertainty and afdacknsparency around the forecasts, and limit
stakehol dersd ability to use them.

GAS CONSUMPTION FORECASTING A METHODOLOGY |||
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| ntroducti on

The Australian Energy Market Operator (AEMO) has engaged ACIL Allen Consulting
(ACILAllen) to help it develop a methodology for forecasting gas consumption in east:
andsoutkeastern Australia.

In recent years, AEMO has published gas consumptisinfthedaas Statement of
Opportunities (GSOO). It has also published forecasts relevant to the Victorian Decle
Transmission System in the separate VictoREam@ag Report

AEMO s doipmduce ®nergy forecémtispth electricity and ghat enable holistic

and coordinated energy industry decsiéni ng. Key aspects of
achieving this vision include publishingj iM2818ethodology for forecasting gas
consumption in easternsandheastern Australia at regiamélbulk supply point

levels

AEMO intends to develop gas consumption forecasts with the theyntitbethat
published in the inaugural National Gas Forecasting Report (NGFR) in December 20
These forecasts alflo provide a keput into agh AEMO publicatiswech as the

AEMO GSOO andii@rgas planning reports.

This report outlines a methodology that ACIL Allen has developed for this purpose.

ACIL Allen was engaged to recommend a methodology that AEMO could use to proc
gas consurtipn forecasts for a range of different geographic areas disaggregated to t
customer type level. The methodologysyatudensumed by power stations that
participate in the Natiofezltificity Market (NEM) and in the production of liquefied natur
gas (LNGAEMO will addrabsse sources of consumpéparately.

The methodology recommended in this report was developed in consultation with inc
stakeholders. This report was preceded by an options paper which outlined four brog
approaches torecasting gas consumption. Those four approaches, which are summa
in Appendix B, were referred to as the:

1. economimodelling approach

2. econometrigpproach

3. survey approach

4. paneland appliance model approach.

The options paper formed the basiswtaiionConsultation began witiwiwv&shops

Workshops were open to stakeholders to attend in person, in Sydney, Brisbane or
Mel bour ne, or by video conference fror

Following a period of methodology development, a corsstititiue drport was
developed and circulated to stakeholders for their feedback. This final report incorpol
that feedback.

1 The tulksupply idnt r e fregiorsl location af concentrated gas cons@agtimetion 2.1.4 for a more
detailed discussion.

GAS CONSUMPTION FORECASTING A METHODOLOGY 1
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A broad range of stakeholders were invited to participate in Garfoiftong
stakeholders included gas netwonebsiss and retailers, industry assocgataimed
power station owners, large gas users and Commonwealth and State Governments.

Some stakeholders also provided input and commentary in written form, either forma
informallystakeholders welso invited to attend-onene meetings with ACIL Allen

A key point that stakeholders raised during consultation was that it is important they
understand the basis of AEMOGO6s forecas:c
transparency of the radtiogy highly. A second point raised was that the forecasting

methodology should enable stakeholders to substitute their own views of key inputs 1
AEMOG6s views. This requires a degree

A summary of other {soiaised by stakeholdersAppendix,Bvhich also contains brief
commeatryonhowstakeholder input has been addressed or incorporated into this
methodology the way that AEMO proposes to address it in future.

1.1 Report structure

This paper is structured as follows:

Y chapteR provides an overview of the methodology
% chapteBdiscusses the collection and preparatiomioAbasoonsumption data

% chapted discusses the collection and preparation of other historical datasets (drive
that will be used

% chaptebdiscusses the process for estimating the relationship between gas
consumption and its drivers

% chapte6 discusses the process for preparing, or assuming, future drivers
% chapter describes the approtgbostmodel adjustments

% chapteBdescribes the approach to preparing forecasts for consumption by large
industrial customers using the survey method

% chapte® describes the process for compiling forecasts and producing scenario
forecasts

% chapteflOdescribes three approaches to converting consumption forecasts to daily
maximum flow forecasts. The recommendation is thatsAaMOofebiese to
determine which provides the best irepudtstice

% chapteflldiscusses the approach to tracking actual outcomes against forecasts ar
raises a number of factorsiagibe relevamd this process
There are also a number of appendices.
% Appendix discusses four broad approaches to modelling that were considered. Th
summarises thptions paper that preceded this report

% Appendix Bontains a summary of stakeholder feedhekssues paper and of
stakeholder discussion at the consultation sessions

% Appendix @rovides background inforntatibeeastermndsoutheastern
Australian gas market

1.2 Definitions and shortened forms

This section provides definitions of terms used in this repabieind, list of
shortened forms.

GAS CONSUMPTION FORECASTING A METHODOLOGY 2
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Gas is supplied to customers via a network of pipelines. Those pipelines are categor
either transmission pipelines or distribution networks. Distributioe oetvent kese
operated by distribution network service providers (DNSPs).

DNSPs charge for their services using a distribution use of system (DUOS) tariff. Thc
tariffs are typically either:

% demandariffs (tariff Dwhere the price a customer pays their DNSP is determined,
partly determined, by the maximum demand they are permitted to, or expected to,
on the network

Y volumeariffs (tariff Vvhere the amount a customer pays their DNSP is determined
by thequantity of gas they use over a defined period, usually three months

Y% DNSPs typically offer different volume tariffs for business ancusteidensial

A summary of the tariffs currently in use in Aystraiget$ ifable C4 (inAppendix

0.

There are two relevant types of customer meter:

% anaccumulation meigetypically a basic device that is read manually approximately

once every three months. Accumulation meietrsapeablef recording
consumption in more detailttigatotal quantity of gas used since they were last read

% anintervametecan measarthe amount of gas useshorter time period, which
can provide information regarding peak flow.
The f ol | ogascastpmeadetrafeprad$obn thisfreport:

% industriadustomerare customers that use gas for industrial purposes

- many but ot allpf these will be connected to gas transmission pipelines rather t
to a distribution network

- industriadustomerare commonly placediemand tariffs

% commercia@lustomerare customers who use gas for commercial fjotipastean
industrigurposes

- witha few exceptiorisese customeaseconnected to the distribution network
- commerci@lustomers may be on eitbkmerdemandariffs
% residentiadustomerare customers who use gas for domestic purposes
- thesecustomerare orvolumeariffs
Y% gasfired power generators (GPG) are customers who use gas to generate electric

- mostGPG power stations are connected to the National Electricity Market (NENM
which case they are excluded from this methaBdiays currently developing
its methodology for forecasting NEM GPG consumption and will publish it alon
this report

- asmall number of GPG power stations are reieddnribe NEM.
The purpose for which gas is used is less important than the historical consumption ¢
thatare availahle The avail ability odndtdeavaydheii s |

gas consumption is metefadrefor@) this repodustomers are referred to by
reference to their tariff as follows:

Y tariffD customers are customers on deanidisd These customers will use gas for
either industrial or, in some cases, commercial:purposes

- tarffDb customers are further distingui
consumption:

GAS CONSUMPTION FORECASTING A METHODOLOGY 3
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0 thethreshold size above which a tariff D customeris i d e r eddbe 6 |1 ar
determined after the forecast areas have been defined

0 generallythe intention will be to identify customers whose ussdtiargge
total consumption in the forecast area

- tariffD customers will generally have inteteas

- GPG customers that are not connected to the NEM are treated as tariff D custc
and, if they use more than the relevant threshold amount of gas, as large indus
customers

1 tariffV customers are customers on volume tariffs. These custminees smialler
commercial customers and all residential customers

- ftariffV customers are distinguiskédc o mmer ci al 6 and Or es
based on their distribution use of systeém tariff

- inthis report:
0 commerci@lust omers on volume tariffs a
o alother customers on volume tariffs are referred to as residential customers

% othercustomerarecategorised based on the type of meter they use and therefore tt
data that is avaikabegarding their consumption.

2 As shown ifiableC4, gas DNSPs typically offer different tariffs to commercial (business) customers than to residenti
customers. Note that the details of the categori sat
ability to chaiffft.ge t heir customersbd

GAS CONSUMPTION FORECASTING A METHODOLOGY 4
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Tablel Shortened forms

ABARES Australian Bureau of Agricultural and Resource Economics and Sciences

ABS Australian Bureau of Statistics

AEMO Australian Energy Market Operator

AER Australian Energy Regulator

APPEA Australian Petroleum Production and Exploration Association

BOM Bureau of Meteorology

CDD Cooling Degree Days

D Tariff A gas DUOS tariff where the amount payable is determined by the
maximum demand the customer is permitted to impose on the network.

DNSP Distribution Network Service Provider

DTS Declared Transmission System (in Victoria)

DUOS Distribution Use of System tariff

DWGM Declared Wholesale Gas Market (in Victoria)

EDD Effective Degree Days

ENA Energy Networks Association

EUAA Energy Users Association of Australia

FEED Front End Engineering Design

GBB Gas Bulletin Board

GDP Gross Domestic Product

GJ Gigajoule

GPG Gas-fired Power Generation

GSH Gas Supply Hub

GSOO0 Gas Statement of Opportunities

GSP Gross State Product

HDD Heating Degree Days

J Joule

LNG Liquefied Natural Gas

MJ Megajoule

MOS Market Operator Service

MW Megawatt

NEM National Electricity Market

NGFR National Gas Forecasting Report

NGR National Gas Rules

PJ Petajoule

POE Probability of Exceedence

STTM Short Term Trading Market

TJ Terajoule

UAFG Unaccounted For Gas

V tariff A gas DUOS tariff where the total amount payable is based on the volume

of gas consumed.

GAS CONSUMPTION FORECASTING A METHODOLOGY 5
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Overview of met ho

Followingonsultation with stakehaglderview of past forecasting approaches, and
drawing on its own experience, ACIL Allen recommends that AEMO use the:

% econometrigime series) approach to forecasting gas consumption by residential ar
smaller business costos:

- postmodel adjustments would be made as appropriate to accoutisogeslicy
and other O6newb6 influences

Y, surveyapproach to forecasting consumption by large industrial customers.

The independent forecasts produced by these methods wodldetthéogether to
produce total forecasts

The same approach should be applied indepgeedantiyn 6 f oFoe@st st ar
areas are to be definedBMO in the first instance.

The necessary data for these appreaehesgnificant consideratioM@B s r ol e
Australian gas markets is different to its role in the NEMoGthéisethiat the data to
which AEMO has access in the gas mar ke
than is the cagmrelectricity.

At the time of wrif AEMO is in the process of confirming the data to which it has acce
For the purposes of this reporssumption is that AERM@Itimatelhave access to
data showing the consumption of:

1 largeindustrial customatghe individual customet leve

1, othercustomera t  t Alavel (@dmputed By SubtragtiiijD usage from total
flow) with no disaggregation to the individual customer level.

The data upon which forecasts would be based are discuss&] whittapeéates to
usage data, antapted, which relatesttedriver®f consumption

In someases théputs to the forecasting process will presestiuadeepf uncertainty
about consumptidnkey part of the recommended methodology is that AEMO makes
statements in the NGFR about the inputs to its forecasts. In sometdsartitose

may be somewhat controversial. For ealpleO6s f or ecast s wi | |
based on expectations for fatam@omic performartdewever, there is no escaping the
requiremefdr this to be incorporated in the forecasts. Theealiembevclear

about the position that AEMO has taken in relation to these factors. This would creat
substantial uncertaintyaadk of transparency around the foracadimit

stakehol dersd ability to use them.

The current approach used bypA&Kbrecasting maximum load (flow) is to use a fixed
ratioThreelternatives to this appr@aeloutlined this reporACIL Allen recommends

that AEMO applies each of the alternatives to a sample of forecast areas to ascertair
whetheanyof themwtperforsthe existingitiebased approach and, if so, which of the
four options performs best. This is discussed ih@hapter

GAS CONSUMPTION FORECASTING A METHODOLOGY 6
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Preparing past <co

To prepare consumption forecasts using the methodology recommended in this repo
AEMO will requaréime series of historical consumption data. Tmesstodathe

level of (dis)aggregation for which forecasts are to be produced. Thar&fdie) given
requirements, they would ideally be disaggregated:

Yopatialy o t he 6forecast areab
% functionally customer type
1, periodicallyp montly frequency.

The first steppineparing the historical datia define carefully the area for which
forecastare to be prepared and, therefore, the area to which the data should relate. /
All en recommends that AEMO does this I
aread6. These are discussed in section

As mentioned in chatibis report has been prepared on the assumptieid @alt

have access to aggregdtdd for tariff V and tariff D customers, but that it will not have
detailed data at a fileeel than thiexcept fatata foindividudarge industrial

customejs

If it is to produce forecasts for commercial and residential customers separately AEM
need to disaggregate the data further. The process for doing this is danih2d in sect

Therecommended approach to disaggregating the daily aggregate network level date
produce annual data pa@nigito the consumption of commecttialséghential
customers.

This would not allow AEMOOG6s forecasts
consumption profiles of these two different customer classes. However, for the reaso
discussed in sect®f our conclusion is that this is likely to be the best approach
available to AEMO in this coftexhe other hand, if AEMO concludes that it need not
produce forecasts for residential and catrsustomers separatelyould be able to

use the daily network level data, which would make analysis of seaposallgattern

Where multiple data sources relating to the same quantity of gas are available it is
recommended that AEMO prepareil@tions of those data sources as discussed in
sectior8.3

3.1 Specify o6forecast areabd

The first step in assembling historical data is to specify theg $patidljcardata are
required. This may tstede a particular distribution netamaksmaller area such as a
system withdrawal zone. This is refenrtiidoepoats t he O0f or ecas't

The forecast area should be described using a legiaat sifithe gas network
supplying it. The process required is illustrégedd using the South Australian
networkas a working exampi¢hiscasee he oOf or ecast aread i s

GAS CONSUMPTION FORECASTING A METHODOLOGY 7
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The logicathematiof the gas network should identify the dyffer®fitgasustomer

It should identify as many individualuatgeeras possible, including any whose
consumption is toebeludeffom the forecasts doing this, though, AEMO will need to
beseasitive to customersd willingness t«
aggregation may be appropriate.

The logical schematiould also identify ploénts whett@storical consumption tatae
been measured and, therefore, potentied $mmcwhich data cheldbtained.

The logical schematic should also identify other information about the foriecast area t
either relevant to the forecasts, may become relevant in future or may be thought by
to be relevafithis will assist enhancing the transparency of the forecasts and the eas
with which stakeholders can understand them.

Figure 1 Logical schematic of South Australian gas network

Y

Production facilities

SEAGAS

Data source pipelines Forecast separately:
(interval meter data) A Power Stations

A Compression stations

A Gas lost in production

Data source; DNSP
(interval meter data)

Largecustomers

Data source; GBB
(include four MAPS
injection points)

Distribution connected Tariff D
Customers

Distribution connected customeisTariff V
Greater Adelaide, Mt Gambier, Angaston and Riverland, Whyalla and Port P
Residential and commercial customers

Data source; DNSP (aggregate data)

////////////////////////////////////////////////ﬁmﬁﬁ/ﬁmm P P P P P P P P P s
A R R r i s o A P R

Source: ACIL Allen Consulting

3 The reason it was excluded from the forecasts should be stated as well, though perhaps in the NGFR rather than
schemati c. I'n some cases exclusions wil!/l be by cl as

4 Thatis, even if AEMO does not uselpaihformation it may be helpful to make this clear on the schematics.

GAS CONSUMPTION FORECASTING A METHODOLOGY 8
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Thelogicatchematic should also partially reflect the actual location of different feature
For example, the schematic should identilgrgduoktomers are connected to the
distribution network and which are connected to a transmission pipelinsaihis is nece
to avoid either double counting these customers or overlooking them entirely. Beyont
the logicachematiof the forecast area need not be geographically accurate.

AEMO should produdegicatchematic correspondirtgabshown kigurel for each
forecast area individudlhe schematighould capture as much detaihd customers
as possible, including

% distinctionsetween customer types

Y identifing unusual customer typash as unregulated networks and small, offtakes
such as farm gate offtakes

Wherthe schematibsve been produced they sheudiscussesith network

businesses and stakeholdertsiding those in the forecast area samdhtbther areas.

The finished product should ultimately be published in the N@FRitigaigg) i

AEMO should be sensitive to any confidentiality issues that may be relevant, for exal
preserve asset securitytandeferring to large custstinggroups in some cases.

Over time the logical schematics shouldupeddate to serve as a quick reference to
the basis of AEMOO&6s f orpehapsbecuse AEMOt h at
decides to split one zone intahigvtngical sematic should be changed to illustrate the
changeAside from changes in zone boundaries, chtregEs@cast area schematics

are likely to be very sinaith year to year.

As AEMO becomes more experiencbvattecasting methodology it maygatul
to addtheiinformation to the schematics. Alternatively it may choosecuretanve
information.

The schematics will identify the particular data series that are availablevedl AEMO
theirsource. They should show whichs#atas will be usasithe primary source and
whichdatawill be used for reconciliation

3.2 Disaggregation process

To meet its objectives for gas consumption forecasts, AEMO will require consumptio
that are disaggregated by customer type and \aitdigaimese data may exist (within
DNSPs and/ or ARNIBIEes hanoeassamel that they woallchise
available to AEMO

Therefore, amtedn chapte, this report is based on the assumptidBN@thas

access to a series of aggregate daily data for tariff D and tariff V customkiiis separate
also based on the assumption that AEMO needs to produce forecasts of consumptio
customeype level, i.e. to distinguish between commercial and residential customers.
this, AEMO would needisaggregate tialy datato its constituent parts, namely
residential and commercial customers.

5 They would also need to be disaggregated from annual data to monthly datdis@isséskiressction 3.3.1.

GAS CONSUMPTION FORECASTING A METHODOLOGY 9
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To do this, ACIL Allen recommends that ARM@ auhoilar process to that used in the
electricity market to produce net system load profiles. That is:

1. start with the sum of inflows from all network meters supplying gas to a particular
forecast area

2. subtracallconsumptidhat can be separatelptified and attributed to custpmers
either individually or in aggregate=xtent to which this is possible will depend on
the data supplied to AEMO. Ideally those data would provide separate identificatit

a) individuaietworks, including unregllfaévorks
b) standaloneustomers, includiegidential custosiesuch as farm gate
deliveries

3. apportiothe residual consumptiamch will generally be aggregated tariff V
consumptioto the remaining customer classes.

In the dataset wesum@&EMQo have the first steps will already havecbegreted
The remaining tastoisillocatthe total tariff V consumpi@vween residential and
commercial customers.

From a temporal point of viewgrtly way tlapportionment can be nigde the

annual level using tolassby-class consumption data such as those shalle?jn
which Envestra submitted tAubialian Energy RegulateR({n2010 in support of its
current access arrangefent.

Table 2  Gas consumption by South Australian distribution connected

customers
Residential Commercial Commercial Industrial Industrial
(Tariff V) (Tariff D) (Tariff V) (Tariff D)
TJ TJ TJ TJ TJ

2006 7,875 1,049 1,716 1,890 13,732

2007 7,682 1,030 1,667 1,859 13,508

2008 7,425 1,071 1,644 1,930 13,106

2009 7,777 1,087 1,582 1,960 12,308
Source: Nati onal I nstitute of Economic and I ndustry

South Australian distribution region to 2019-2 0 0 , September 2010, avail abl e f |
http://www.aer.gov.au/node/20022 accessed 16 March 2014.

6 In some cases a forecast area will include multiglerdistibarks with different concentrations of commercial and
residential customers. | n these <c ashgnset wohrek od i bsaasgigsr ¢
forecast area if the necessary data are available. Therefore, AuieaBautxample shown in Figure 2, the
Adelaide metropolitan network would ideally be dealt with separately from the Mt Gamipiestamb litdner non
networks due to differences in the relative importance of residential consumptioy. datheanecessiable, it
may be appropriate to deal with tineetmpolitan networks separately from one another for the same reason. That is
Mt Gambier may be disaggregated using different proportions than Whyalla.
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The actual data will not always correspond directly to the residual data. Discrepancie
arise due to:

¥ issueswith metering such as revisions to account for estimated reads

1, differentustomer bases, if for example some of the tariff V commercial customers
whose consumption is shown inSitedote interval metdratwould have been
accounted for previously

1, estimationsiade in the previous data (i.e. the data in table 2 maydréybased p
estimates made at the time)

1, differencem the way unusual customer types such as unregulated networks and fa
gate users are accounted for

% gaswhich is unaccounted for

Further, access arrangements are only refreshed every fitreyedlinebalways
be recenpublichavailable dasd thecustometype level.

Therefore, actual data such as those shownSshiabitebe converted to percentages
and used as weights to apply to the daily tariff V data supplied by DNSPs.

Table3 shows the data from Talepercentage terms. The Tariff D data have been
omitted as these have been accounted for separately in a previous step. If the weigh
stable over time, such as may be the caseventd also be sufficient to use the
average of recent available years. On the other hand, in some cases trends may be «
in which case it may be appropriate to extrapolate the weights using that trend.

Table 3  Gas consumption by South Australian distribution connected
customers i proportion of Tariff V

Residential Commercial Industrial

% % %
2006 73 10 17
2007 71 10 18
2008 69 10 19
2009 72 10 18
Average 71 10 18
Note: Totals may not add due to rounding.
Source: ACIL Allen based on National I nstitute of Ec
forecasts for the Envestra South Australian distribution regionto 2019-2 06, Sept ember 2010,

from http://www.aer.gov.au/node/20022 accessed 16 March 2014.

This approach will produce annual data that are disaggregated by clistomer type.
discussed below, it would be difficult to disaggregate to a shorter time period than thi

7 Only four data points are sheven klore thorough examination would be required before a firm view was reached.
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3.2.1 Disaggregating annual data & the problem of billing lag

As discussed above, the historical dataset would ideally be at monthly or seasonal
(quarterly) resolution to allow the analyst to identify seasonal patterns.

Conceptually this could be done by obtaining individuabmussoneicen data and
either building these up to a total or, perhaps more pragmatically, using a sample to «
seasonal weiglits.

I'n ACIL All enbdbs view disaggregation of
likely to be relialliee to thevay thagjas consumption is measured.

At the time of writing, and for the foreseeable future, gas consumption of tariff V cust
is measured using accumulation meters that are read manually and that provide no r
information than how much gas hasdmeksince they were last read.

Meter reading is an ongoing task for most gas distributors who employ (or outsource]
of meter readers to visit each meter individually and read it. Thesmesaltie thet

are read every day, but any givenisnetdy read once each qudtterefore, meter
readings that are taken during a particular quarter do not necessarily relate to gas
consumption that occurred during that quarter.

This gives rise to a pBilliogdbdgml irmif es rtehle
ability to test for seasonal or similar patterns in gas consumption.

Figure 2  Billing lag

4
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Source: ACIL Allen Consulting

To illustrate billing lag see Figureich depicts the gas meters andeaeliegs of
12individual customers. One of these meters is read each week beginning in the first
of March. Each meter is read once ithesemponth peridd.

8 The necessary data could be sourced from either DNS
a sample of customers. We note that they haveustygveen taken from any of these sources for this purpose.

9 For simplicity in this illustration we have assumed that there are four weeks each month.
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I n the time period shown her e eautenmy c L
andwinterHowever, the time when the meter was read does not coincide with the tim
when the consumpteourredTherefore, it is not correct to interpret meter readings that
happened in winter as showing consumption that happened in wieéeest fus is cl
customer 1, whose meter was read in the first week of winter, showing consumption
occurred almost entirequimmnThe problem is proportionately less important for
customers as their number increases to the point wheegigtehfayrcustomer 12,

whose meter is read in the last week of the season.

In this example, only one of the 12 meter readings is truly a measure of winter consu
All of the others are affected by billing lag to some greater or lesser extent.

In apportiamg the data the key consideration is to avoid subjectivity. If, for example, tt
analyst has an expectation that gas consumption is higher in one season than anoth
may lead them to assign the larger of two readings to the season whemtigher const
is expected. The risk here is that the analyst will unintentionally manipulate the data 1
manufacture results that they expect to find even if they are not truly there.

It would be possible to assume that the seasonal pattern in the aggtbgatandata

as the seasonal pattern atubtmetype level. However, this amounts to assuming that
residential customers show the same seasonal pattern in their gas use as commercic
customers in the same forecast area. While this may be truajikedgemd cannot

be verified. In our view this would not be a robust approach.

A preferable approach would be to identify those meter readings that occurred on or
the last day of the season and assign the pattern shown in those eédatlitgs to th
drawn from the others. This would potentially work reasonably well for seasons that
strictly quarterly and could therefore be approximated using the quarterly meter read
data.

However, the formal definition of each seasons isnily @sedfipproximation of the
variation in gas consumption that is to be analysed. For example, ACIL Allen underst
anecdotally, that it is commonplace for residents of the Australian Capital Territory to
using space heating in May and keejt ustiighe end of September. This period
includes the whole winter and a month each of autumn and spring.

This 6seasond6 could not be reconstruct

Another approach would be to redefinkatfielates for assigning meter reaolings
seasons. For example, AEMO could assign meter readings to the seasons with whicl
overlap the most. In the example indRigareould mean that the readings taken during
winter for customers 7 to 13 (inclusive) would be assigned to tivantemainiieg
customef®vinter consumption would be taken from readingspmiagadhshown).

While this would improve the assignment of some readings, there is no avoiding the -
meter readings taken in the middle of a season cannot be accurately assigned to one
season or another.
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In a project for the AER in, 2021 Allen analysed ele@tt consumption data with

billing lag and explored the possibility that redetuniofj tlates woubdercomthe

problem. On that occasion the results were mixed. Lagging meter reading data reduc
visibility of seasonal effects in somg. flaaiscussed in that report, the conclusion
reached at the time was that redefigfiy was not the correct appitdablkerefore, it

is not clear that this approach would improve matters for AEMO.

An alternative approtiet may be available tM@Helies on having individual data for a
large number of customers in each region. If the dataset is sufficiently large, there wi
coincidentally, some customers whose meters aren@actektior two of the end of

each seasonyah as customets2, 11and 12 ifigure. It would be straightforward to
identify the relative seasonal consumption for these customers and apply those weig
the remaindef the sample. That is:

1. identit ust omer s whose métotheseasenadi ngs al
2. ascertaithe seasonal consumption of these customers

3. divideconsumption in each season (separately) by annual consumption for each
customer to identify th@gmtion of annual consumption that occurs each season

4. takethe average of each seasonal proportion

5. applythe averaged seasonal proportion to the annual consumption of other custor
to produce estimated seasonal consumption while preserving.annual totals

In this report, we have assumed that the approaches described here are not sufficien
effective and that they would not be used. However, AEMO may reasonably reach ai
alternative view and apply them.

3.2.2 Average consumption data

The approach described fegpgires data pertaining to the average consumption of
residential customers in a forecast area. This will need to be calcutdbedd@sed
consumption data series that AEMO will collect as describegl in chapter

The necessary dataset fogdlseconsumptipar customer above can be produced

simply by dividing total consumption by total customers. However, care should be tal
doing so if the analysi® be conducted at a higher frequency than either of the input d
series. In particular, our expectation is that AEMO may be able to obtain customer nt
data on an annual basis, but not more frequently. If customer numbers change durin
periodn which data are collected (which is likely) this will be reflected in the consump
dat a. However, it would not be refl ect

The two main solutions to this problem are:

% towork at the frequency of theftegstent dataset, or

“»tomake an assumption about the O6éshape
observations, in which case it may be appropriate to assume that customer numb
growth is linear.

10 Seehttp://www.aer.gov.au/nodef@rsiore detail.

12 Note that oOclosed wildl be an inherently arbitrary
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3.3 Reconciliation

When the above process is complete AHM@ewiie following data:

Y aggregate consumption by tariff D customers

Y% annualor flat dailgpportioned consumption oMag#identialstomers

Y annualor flat dailgpportioned consumption oMardifnmercialistomers

Y consumptigggregate andividual, wAnsmissieconnected customers

% Gas Bulletin Boa@zBB data relating to total pipeline inflows and outflows.

Before moving on to analysing historical patterns and preparing forecasts, AEMO sh(
ensure that these datasets@isistent by reconciling them to one dngtaeicular

should veritzat the GBB data correspond to data from othebeuressits of the
reconciliation should be included in thedl@RBrwise made available to accompany
the forecasts.

Conceptuallfe reconciliation process is no more complex than identifying which data
series should logically sum to another and ensuring that they do.

While it is worthwhile to produce reconciliations such as this, AEMO should not expe:
the datavill match precisely. There are a number of reasons why a perfect match will
achieved, not least of which is unaccounted for gas. This source of error is, by its ver
nature, not measured but deduced using a similar process to that déscribed here.

Part of this process should include identifying the extent of unaccquAéedGiondyas
ensuring that it is plaustbdsceptuallAFGs gas that is lost in either a transmission
pipeline or a distribution system. By definition it is not Ihisathigreelsidual between
what is injected into the system and what is delivered to customers.

The task that should be undertaken is
limits and leave the residudikdasG Over time the amoutdAFGmay have changed

and the change should reflect the rele
example, a business that has undertaken projects to minimise losses should exhibit
reductions over time.

In practice, though, UAFG will be ttlegesmains unaccounted for by the datasets
AEMQ@anassemblélhe measure of UAFG AEMO dewdlatepend on the accuracy
and consistency of the available data.

When changes are observed in the historicdl el AEMO will need to decide how
totreat them in future. Two basic options are avaitatéiither hold the level constant
at a level observed recently or continue an observed trend.

The appropriate approach will vary witcuhestancesnd some consultation with the
relevant neork may be necess@onsider trexamplédescribed above where the
networkusiness hasdertaken projects to reduce losses. If those projects are comple
by the time the forecasts are to be prepared, the likelihood is that losses will have no
redued to a new (low) level, but will not continue to reduce in future. In this case, carl
losses forwards at the level observed recently would be appropriate.

I f the &6l oss reductiond projects are t
recent trend.

12 The difference between what goes in and what is taken out is unaccounted for.
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If no projects have been carried out but losses vary anyway, the likely cause is weatt
conditions (soil movement due to dryness) or a relationship between losses and
consumption levels. In these cases it may be possible to foreloaiiobseey
econometricdftiiough this may not be possibMhich case the preferred approach
would be to take an average over recent years to reflect the range of phassibilities
future

ACIL Allen canmpobvide AEMO with a firm statemestsdgjei of how close it can

expect the correspondence between data series to be. AEMO will develop a sense o
accuracy that can be achieved over time as it applies this methodology. In the early <
the key diagnostic will be whether the cormespandae forecast area is similar to the
correspondence achieved in other forecast areas. If some forecast areas produce m
better correspondence than others we would recommend that AEMO investigate rea
the poorer fits.

Another key diagnostiche whether the quantity of gas for which AEMO cannot accout
foris similar to the quantity of unaccounted for gas reported by others in the same for
area. Therefore, AEMO should state the quantity for which it cannot account.

As time passes, AEMiQalso be able to ensure that correspondences do not deteriora
significantly over time.
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il Ot her hi stori cal

Aside frorie historicabnsumption datiscussed in the previous chapter atee
several otheecessary datdements.dirce®f tlese datare listed in Taldland
discussed below.

It will also be necessary to prepare projections of the variables that are to be used to
produce forecasts. This is discussed in chapter 6.

Table 4  Data requirements

Data Description Source
Number of Number of customers to whom gas was DNSPs
customers supplied each year for which historical

consumption data are available. These
should be at the same level of
(dis)aggregation as the consumption data.

Weather data  Either computed series of EDD or HDD, or Input data from Bureau of Meteorology
necessary input data (temperature, wind and AEMO computation
speed, sunlight hours).

Economic Economic indicators for relevant areas AEMO annual economic outlook report,
drivers including: which is likely to draw on data from the
A economic activity Australian Bureau of Statistics, local

government, state Departments of

A population. i
pop Treasury or Planning.
Retail gas Historical series of standing contract (or Jurisdictional regulator
price equivalent) price of gas.
Policy data Impact or nature of policies that may have Commonwealth, state and local
influenced gas demand. governments.
Large Size and timing of very large usage NSPs, large customers, survey (future)
customers changes, either increase or decrease, by

forecast area.

Housing Number of new houses built in the forecast ~ ABS
completions area.

Renovations Number of major renovations conducted in ~ ABS
the forecast area.

Metadata Descriptive information relating to each Various, including DNSP, local
forecast area. governments, Australian Bureau of

Statistics
Source: ACIL Allen Consulting

ACIL All en also notes that AEMOO&6s curr
study every year. This outlook, if it continues to be commissioned in future, could pro
many of the necessary drivers.

The particul ar d foiecagimgsnodelsholldebe chasencempirinally/
through the forecasting process. At the methodology stage one cannot be definitive &
which variables will be nece®anecessitige process must be iteradinds likely to
invole a degree of triand error. However our experantéat of most gas network
businesses to dadeems to have been that economic activity (measured using Gross
State Product (GSP)) and population are typma#ydtevant drivers. The discussion

in this repdidcuse® n t hes e t wo Hdvevarlmsdsindt otsay totlied r 1 v e
drivershould not be examined.
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The theoretical link betwiese driving variabses] gas consumptisrclear. An

increase (decrease) in either can reasonably bd xpaute an increase (decrease)

in gas consumptlwidingllelseequal. This warrants the inclusion of these variables in
forecasting model. Howehreryariables are likely to be very strongly ctoretated

other This means thatludingothmay lead to napnvergence of the linear regression
model. As the variables are likely to be highly correlated, it may also be difficult to de
the marginal effect of one holding the other constant. This means that, while the expl
power tthe variables will be high, caution should be taken before interpreting any ind
coefficienRrovided AEMO is not looking to infer anything from the individual coefficiel
themselvesind that multicollinearity does not inhibit estimatiegre$sien model

then ralticollinearitgsuesan be ignored.

In our experience these drivers will account for a large proportion of the variability in
consumption by custorothier than large custor(aisr the other factors discussed
below havieeen taken into account). However, this is not to say that these are the onl
relevant variables or that AEMO should limit itself to these variables. ACIL Allen doe:
suggest that other variables must be considered, but cannot rule this.cAs defimitively
any forecasting process, the choice of predictive variables should be decided empiric
through the modelling process.

The objective is to identify variables that:

1. havea theoretical relationship with gas consumption such that theypcaated incor
into a properly specified econometric model

2. aremeasured and reported appropriately
3. areprojected appropriately or are amenable to being projected by AEMO.

Economic activity, populadiweh other demographic factors have these characteristics, s
they should be collected. As noted above, other variables may be identified in future
also have these characteristics. If so, these variables should also be considered for
inclusion in timeodels.

4.1 Weather data

For the weather normalisation process, weather data must be collected for the area v
the gas consumption in question occurred. The Bureau of Meteorology (BOM) collec
publishes historical weather data from hundreds ctatmatharound Australia. There
will typically be more than one data reading in a given forecast area so a choice mus
made as to the most suitable.

ACIL Allen recommends that AEMO first identify the weather stationofierateirrently
in each fooast area and then narrow these down using the following factors:

1. prevalencefmissinglataatthestation if more than 10 per cent of data are missing
discardhe station and move on
2. lengthoftimeseriesavailable

a) mustbe at least as long ashiséorical consumption data series

b) shoulddeally b80yearsor more to allow projectiadto avoid overreliance on
(relativelyghorterm influences such as drought and issuethaahaice of
series start points/end points

3. availabilitgfimpodntweathevariablesuchashumidityrainfallsunshineandwind
speedf these are to be used (see sddlibelow).
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The correlatibetweedemandndweatheshould then be examined for each candidate
weather station and a preferred option chosen based on the results. If multiple weath
stations perform simil#nly choice will be relatively arbitrary. Generally, ACIL Allen
recommends choosing aheeatation that:

% hasbeen well correlated with gas consumption over an extended period
% hasbeen more closely correlated with gas consumption recently.

In some cases these criteria may be contradictory and some judgement may be requ

For example, ifeoweather station performed wHllyfears but has been less well
correlated in the last two yaadsan alternative has only been well correlated for a few
years the choice will be difficult.

Insuch aase it would be important to try to undetstahd relationship has changed.
For examplthelocapopulation may have grown substantially in the area near the secc
weather station, which might support choosing it. It may also be possible to combine
from the two weather stations.

It shoulthe noted, though, that data collected at nearby weather stations will be simila
weather conditions are similar in places close to one another. Therefore, a stark diffe
such as this will be uncommon in practice unless forecast areas dr aggeegate

high level.

It should also be noted that the BOM maintains a network of around 100 reference cl
stations which are chosen, in part, for the quality of the associated historical data. Th
may perform well in the analysis and shoukldezexbin the above process. However,
they should not be chosen automaitdliiay not be chosen at all. The reason is that
these stations are also chosen partly on the basis that they ateugiupyafteans,

which means they are away fromgésecensumptioocursThis is valid for their

intended purpose, whitbngterm climate analysis, but may limit their usefulness for
present purposes they may not be well correlated with gas consumption.

4.2 Retail price data

Retail gas prices imgmsconsumptidhrough thericeeffecas measured by the own
price elasticity of dem&this should be accounted for in the forecasts.

Similarhyas discussed in seclidhit may be worthwhile examinirsgitistitution effect
where consumption of gas is influenced by changes in the price of electricity through
cross price elasticity of demand for gas with respect to the priceTofie leatintty.
previously been found to be signifigastio r ecast i ng model,s to
at least partly due to data is$lidss is a factor that AEMO may wish to examine more
closely in future.

13 The price effect is the extent to which consumers use less of a good when prices increase, and vice versa.

14 For pactical reasons this may be better pursued in years to come rather than in the first NGFR given that it has nc
previously been found to be significant.
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In practiceccounting for the impact of price on consumption will be an approximate
process because the retail price of gas and el@cadotyindividual customers
depending &h:

Y% theirretailer(s)
% whenthey signed their contract(s)
% whethethey are on marketstanding contract(s)

% whichbbl ockd of their contract the cust
their consumption (in areas where block tariffs are used).

It will not be practical for AEMO to obtain price data in sufficienbdetddrtithase
factors individuafiydowever, this is not a problem for the forecasting.

The price and substitution effects depend not so mierebi gihiee but tithange
in price. Therefore, the recommended approach is to assume that:

1. therateof change gaspricesn the pastas been simifar all customer types

2. therate of changetirose historic prigeseasonably approximated by the rate of
change in the standing corgesprice(s) inachurisdiction

Both of these assumptayesconsistent with what would be expected in Australian retail
energy markets, most of which are characterised by price regulation and competition
simultaneously. In the less regulated markets in South Australia and Victoria the star
contract priceseanot set lyovernmenbut the same general relationship could
reasonably be expected.

It remains then to measure the rate of change in the standing contract prices of enert
each forecast area. ACIL Allen recommends using either:

1. thecalculated bidir a notional customer with constant congumption

2. thepercentage change invtblametric chargkthe block that is marginal for most
customers.

ACIL Allelears slightly towards the latter approach betauisseinost closely on the
marginalpgc of consumption, making it a the
difference in the rate of change in the two measures will be small unless there isa m
restructure of tariffs or some other fundamental ctiepgefesence for one over th

other is not strong.

In feedback on the consultation draft of thiEmepgyAustralia suggested that

customers are more likely to think in terms of their overall gas bill rather than the matr
cost. This suggests that the first of the aboaehsspis preferred. ACIL Allen accepts
that this is likely to reflect the reality for many customers. We make two points.

First, if the 6bill & approach is to be
doing this will tend to understatieighprice change as the bill declines in response to

15 Conceptually customers could be treated as a panel and these issues could be dealt pvahtittothéy e, in
unlikely to suit AEMOO6s rnteast/s FuntheriBisuusckear that a panelappioadh & ¢
more accurate than the approach discussed here. Sec
submitted to the AER by SP AusNet for its Gas Access Arrangement Review in 20h2vavaislge\iram

16 Also note that using this data would make this a panel model.

17 Note that consumption byvtleeageustomer shouldtbe used as this would imply changing consumption levels and,
therefore, confound the price effect.
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rising prices. Therefore, if the bill approach is to be used, AEBMEsipu&lthe bill
for a customer with average consumption each year.

Second, from a modelling perspective it is the eheaggbie relative to change in
consumption that is most important. The relative changes in maginal price
representative bill are likely to be very similar, so there is little to support one choice
another

AEMO may choose its prefappibach based partly on the ease of presentation. For
example, it may prefer to be able to j
leaning towards the first approach.

Whichever approach is taken, the necessary data can typicaly trerolike
jurisdictional reguldtdfiost of them are in the public domain. Useful sources of
information include:

% in South Australia, retailer performance reports published by the Essential Service
Commission of South Australia

% inVictoria, the Esse i a | Services Commi ssionbs ¢
(pricing)

Y»inNew South Wales, the I ndependent Pr|
review reports

“iNQueensland, the Queensland Competit]

4.3 Data processing

The specifiequirement the data processing stage will depend on the data that are
obtained. Broadly, it will be necessary to:

1. creatdime series that can be used to estimate the underlying econometric relatior
and have appropifiequency

2. checlthe continuity of those time series to identify any discrete jumps which may
indicate system changes or changes in the way customers are classified. Any jun
that are identified could be corrected through the appropridieateeofibles
in the specified modeitshy clarifying with the data provider

3. checkior measurement errors in theaddtaheck for and impute missing data

4. computdeating degree day (HDD) and effective dede@b)dariables or other
similar measurdést may be used (see section 4.4 below)

5. conver{possibly) nominal price data into real terms.

4.4 Weather measures

Gas consumption will vary over time in response to variations in weather conditions c
primarily by the 06 hecxeoleriasaasonig thaigreaterthe nt ¢
heating requirement and, therefore, the greater gas consumption will be.

For present purposes it is necessary t
historical consumption data. Failure to do adtvillaesodel that is-spiscified and
may falsely attribute the impact of weather variation to other factors.

18 An alternative would be to approach retailers for this information directly, though this would probably be more time
consuming.

GAS CONSUMPTION FORECASTING A METHODOLOGY 21



ACIL ALLEN

To do this requires a measure of the heating requirement in the same historical perio
the historical consumption data. Two measutesabhipeequirement are currently in

use in Australia, namely HDD and EDD. These two approaches are similar, but differ
input data they use. EDD is a richer measure that takes account of factors not includ
HDD.

The underlying concept in bedisumes is the same. Both calculate the sum of the
(absolute) differences between weather measures and a reference threshold. The dif
is that HDD is based solely on temperature data while EDD also takes account of wir
velocity, sunshine hpanslseasonal variations in propensity to use gas appliances.

EDDs can be calculated on various bases by incorporating weather conditions at diff
times of day and changing the threshaltinetv®R012 reviedvapproaches to

estimating the heatirguieement in VictpA&EMO concluded that the;ziDBex

performs better tHaDD calculated over other time.Bases

4.5 Energy efficiency standards

In recent years the energy efficiency standards applicable to new buildings have bee
increaseih variousays. The details and timing have varied between jurisdictions and
detailed review is not nece$sdhys report. It is sufficient to say that there have been
changes in physical requirements for new houses and major renovations/additions. I
reasoable to expect thlabse changes may have created a situation where there is a
cohort effect in gas consumption. That is, all else being equal, homes built or renova
more recently can reasonably be expected to use less gas than older homes. This cc
effect was discussed during consultation by several stakeholders, notably the Energy
Networks AssociafieNA)It was also raised in-onene meetings. It appears to be a
particularly important issue for DNSPs as it can make a significaottdéfectunoe

of gas they are called on to deliver.

The effect on gas consumption that is being addressed here is an aggregate of vario
factorsincluding increased energy efficiency of dwellittyshglischniques such as
double glazing and imedodesigiand shifts from electric to gas andbsokded hot

water systems.

19 Thereare two seasonal influences in play here. The first is the general expectation that some seasons will be colde
others and, therefore, that gas consumption will be greater in some seasons than others. This is accounted for by
EDDs or HDDs, whitoth measure how cold it was during a particular season. The seasonal vawétiotheeasure
EDD calculation is intended to account for the fact that people will be quicker to use heating appliances in cold se,
(winter) than in warmer seasonsnger). This is accounted for in addition to the greater heating requirement, which
means that, as this is modelled, a cold day in winter will add more to the measured heating requirement than an e
cold day in summer.

20 The choice of the threstmtbmewhat subjective. The intention is to screen out days when theresisnsitiweather
energy use.

21 EDDuis the number of EDD calculated using average of the-letgimytiMetoourne temperature readings (in
degree Celsius) from3amtofiZare f ol | owi ng day inclusive as measur e
StationSeehttp://www.aemo.com.au/Gas/Planning/NEQ@\deatheStandardRevewfor further detail.
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One approach that could potentially be tosadcount for this effect explicitly using a
measure of the size of the cohort of new and renovated homes. The wqmtaslying conc
as follows:

1. housesn a given forecast area that were built before a ghasediziie) Use, on
average, a given quantity of gas eathoygar MJ 6

2. bhousesn that forecast area that were built dftesdtt@ta use a different quantity of
gaseachyear6 B MJ 6

3. untilthebasedate thaverage gas consumption of all houses in the forecast area we
60A MJO
4. afterthebasedate, the average household consumption of gas decreases over time

the proporti on &dreadhmedy the dveragshousehold c r e
consumptidas as shown in equafihn

D0 Q1 WOAGQGEE ¢ 1 6andQeep | 6 @

Wherd and B are the average gas consump
the proportion of old houses in the forecast area.

Thisconcept can be incorporated Jiatbr ome
equatioli) into the forecastimgdel for consption per customé&herefore, AEMO

should gather data relating to the number of dwellings in each forecast area and the
of new dwellings construsitezk the base daide cohort variable is computed by
dividing the latter by the former eactvigiedr naturally accounts for the difference
between new homes and replacements.

The cohort variable should also take account of the base year, tluenefaterthe
shouldeflect new houses built since the base year. This is illledied in

Table5 Cohort variable with various base years

Variable Index 2010 2011 2012 2013 2014
Houses in forecast area (total) A 100 105 110 115 120
Housing completions (incremental) B 10 10 10 10 10
New houses since 2010 (cumulative) C 10 20 30 40 50
Cohort (base 2010) = C/A D 10% 19% 27% 35% 42%
New houses since 2011 (cumulative) E 10 20 30 40
Cohort (base 2011) = E/A F 10% 18% 26% 33%
New houses since 2012 (cumulative) G 10 20 30
Cohort (base 2012) = G/A H 9% 17% 25%
New houses since 2013 (cumulative) | 10 20
Cohort (base 2013) = I/A J 9% 17%
New houses since 2014 (cumulative) K 10
Cohort (base 2014) = K/A L 8%

Source: ACIL Allen Consulting
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The base year couldblectethased on a policy review to support a conclusion as to
when houses may hbggurio be more efficient. However, in practice, the policy chang
may not be sufficiently clear to supporchalearin which case the choice of base year
should be empirical. That is, the base year should be chosen by varying it in regressi
models to ascertain which base year provides the best performing model. This shoul
done in models that include ativers, which should not be changed while this question
is tested.

One characteristic of the cohort variable as described here, which was raised during
consultation, is that it does not allow for further improvements in energy consumptior
the base data. That is, in equ&ti@onsumption cannot fall below B MJ per house (all
else constant).

In practice, there may be multiple changes in the energy efficiency of dwellings in an
For example, over thel@gears many Australian jurisdidtemhperiods with a
minimum-8tar energy efficiency standard and periods with a misiasininofuéure,

the standard may be lifted higher still.

Multiple step changes in history could be addressed by including more than one cohc
variable, though there are data limitations in%oing so.

Another factor to consider, which is relevant tamank #prattempts to deal with
energy efficiency explicitly, is that energy efficiency and price are closely related. Thi
discussed further in chapter

22 jt is not possible for a regression model to have more variables than observations in the historical dataset. Thereft
there are 10 years of annual data it would be impossible to have more than 10 variablebighlyqriefeiablee
to have significantly fewer than 10.
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At this point in the process AEMO will have identified the forecast areas in which fore
will be prepared and produced schematics for eacimdbthgrhat will have

identified suitable data sources and psspedseies of past consumption for
residential and commercial customers. The commercial custeifftemsestes

separate componentanelyariff V. commercial and tariff D commercial.

Those series will have been reconciled with other measuresuhiatigiwbere
possiblgo validate their accuracy

The next step is to develop the econometric models that will drive the forecasts. The
process that should be followed is to identify variables that have theoretical relationsl
with gas consumptiuch as gas price, economic aethdtpopulatioBconometric

analysis should be used to quantify the direction and magnitude of these relationship

Broadly, ACIL Allen recommendketfatal specification of variables, lags, and functiona
formsoe chosen empirically, by determining the combinatiohaif blesséts the
consumption daltais beyond the scope of this report to attempt to cover all of the factc
that must be considered in developing econometric moddioptheenigsart we

expect that AEMO will do this using multiple linear regression and ordinary least squi
estimation. The remainder of this chapter reflects this expectation. AEMO should hay
regard to the various assumptions that underpin these methodsratdrenanalysis

it conducts is appropriate in light of those assumptions.

There are many potential relationships that could be explored and quantified. For sin
of presentation, thisrefootise®s n t he dri ver s t hateviewCl L
of recent industry practice suggests are likely to be the most important. The fact that
reporfocuse® n t hese dr i v er wilingrnesewtamainerother | i mi
potential relationships.

Similarly, the actual final form for ébhehmaddels is determined only after assessing the
various alternatives. In other words, an empirical approach should be adopted, guide
theoryThdinal form of the models may differ from that discussed here.

The relationships identified throughrthisc e s s ar e t hen used t
forecastsd bas,whichadiscupsedinjclea@gred dr i ver

The baseline forecasts rely on an assumption that the relationships between gas
consumption and its drivers will be consistent in future with what has been observed
past. The possilithat this is not correct is dealt witbasimgdel adjustments, which
are discussed in chapter

Thistwestageapproach has the strengthiof) tethransparent and modutaough

this requires thesich of the two steps discusseadteeeported independeriflyis will
givestakeholders the ability to substitute their own assumptions or estimates for those
by AEMO.
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51 Residential customers

Theras likely to be a high degree of homogeneity among residential customers. In thi
situation it may be most appropriate to analyse gas consumption in terms of:

1. thenumber of customers
2. gasconsumptigrer customer.

That is, AEMO would estimate two megsdssiresidential customers in each forecast
area.

This approach has the advantage of allowing tubtodoeievel analysis to be
brought in at thestmodel adjustment stdgkesired

Separate regressions would be performed for customeamaurobstsnption per
customer. This is appropriate because the different components could be expected t
respond to different drivers. The outputs of the separate regressions are ultimately m
together to provide the forecast of gas consuragiiiiy dfigpostmodel adjustments

have been made).

Thepossiblepecification of each of these models is discussed below. This discussion
guided by our theoretical understanding of the likely driving fgasdetuntption

inthis part of tmearket. However, as noted above, it will be important for AEMO to ens
that sound econometric practice is followed.

5.1.1 Number of residential customers

There arthreepotential sources of growth in the number of residential gas customers |
forecast areaamely:

1. growthdue to population increase in new dwellings

2. gowtlduetdhec onver si on ( adgdaist odwe lolfi negksi stt
through urban infill (demolish and rebuild arbgit®nvertirexisting dwellings

3. growttdue tahereticulation of areas which are established, but where gas has not
previously been available (reticulation schemes)

Thesedifferent sources of growth should be treated separately in projecting customer
numbers, and in analysing historical growthnthaaicé the first two may be dealt
with in the same model.

The three sources are discussed in turn below.

Growth due to population increase

Residentigistomers are generally househoifithesother two sources of growth in
customer numbers areediarded there waylicallypea strong relationship between
the number of customers in an area and the number of householderint¢hat area
populatiqror both.

These two variables, and in particular population, are good candidategé#ar projecting
customer numbéecause projections of them are generally readily available, including
from the ABS.

A possible drawback with using populhbasehold numbers as the driresidéntial
customegrowth is that a portioresilential custoseray beonresidenti@h certain
areas.
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In these cases it may be worthwhile examining the relationship between economic ac
and customer numbers. However, this can be difficult when the forecast area is smal
becauséata orconomic activity gneically harder to obtain for small areas than
population or household numbers. Further, projections of economic activity are diffict
obtain for small areas and economic productrédeearite as areas become very

smalP?

Thereforehemodel fothe number @sidenti@ustomersould basshown in equation

.
YQiI "QQ'G0d QB Vi | DENONNDONQE:E ()
Alternatively the number of households may be substituted for population.

A consideration in choosing between these (or any other specification) will be the av:
of forecasts of the driver(s). For example, a population projection may be more readi
available for a given area than a projection of household nuntheédssUppert

choosing a model using population as a driver.

Another factor may be the quality of ¢
is sometimes significant disparity between population projections produced for differe
purposes. Asgeneral proposition we recommend avoiding population projections whe
there is the possibility of a vested interest in the result and le&nistyabaraBlireau

of Statistic&\BS projections where they are avaitaiiever, it should alsadted

that the ABS produces several population projections with varying input assumptions
may be used to generate scenario projections (e.g. high, medium and low population
growth) but otherwise it will usually be appropriate to chooserthaszotsd 0

Growth due to dwelling conversions and urban infill

The appropriate treatment of this type of growth will vary depending on when it is tho
have commenced or accele@atedhe period for which historical data are available.

The ratef urban infill and dwelling conversion might be thought to have been constan
throughout the period for which historical data are available. In this case a model sim
thatin equatiof®) with an additional trend term would potentially b& baitadthel

term would account for increases in customer numbers due to urban infill separately
the population term.

However, in tldase the model in equd#pirould also potentidligrid The reason is
that population series are typreadfike in naturparticularly over short time periods.
Ther ef or e, 1wouldeeflectthe dofhkined inepact of the conversions and
population growth.

If the rate @ffill andonversions is thought to have accelerated during the period cover
byhistorical datit would be appropriate to accotatfacceleratisaparately. This
could be done by adding an interactior
infill is thought to haceelerated he appropri ate titeme t o (
could be observed in the data (i.e. when customer numbers abeblesatepora

general understanding of the area in question.

23 For example, customers may work in a different small area than they live, yet it may be the economic product of tf
area that correlates with their income and, therefore, their cotternmtlbfopecast areas are too small this would
be obscured even if data were available.
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Growth due to reticulation schemes

Another source of growth in customer numbers in recent history, patocalanigsn V
been gas reticulation schemes, where DNSPs have extended their network to areas
are already settled, but which have not previously had access to reticulated gas. Wh
such a scheme has occurred custombers growth will have chamngaticantly.

The recommended approach to dealing with these circumstances is to use interactio
These are dummy (dichotomous) variables that apply to other variables and have the
of 6turning on6é the otlyedi svaritalloe 6ild
Allen anticipates that an interaction would be added to the model on the population v
Therefore, the model would take the form shown if3:quation

YQi QQ@0d Qo Qi i

|1 DENOAOY QED &)
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Where 616 is the interaction ter m, s et
completed and zero otherwise.

An alternative would be t o hemtedatiohy 061 ¢
scheme is completed and then increasing by one every period thereafter.

As with many aspects of the methodology, the best approach to modelling customer
numbers in the presence of reticulation schemes will depend on the spleeifics and wil
revealed empirically by the data.

5.1.2 Gas consumption of the average residential customer
Residentiglistomers tenduse gas for three main reasons:

Y spaceheating

Y5 waterheating

Y cooking

Given these uses, it is likely thgasheonsumption of the aveesigentia@ustomer
each yeds likely to be related to

1. theheating requirement that year

2. theage of t he anduhereforarite enérgy efficeme

3. theprice of gas

4. householthcome.

As discussed in sectidithe heating requirement could be measured using HDD or ED
Either of these should be considered candidate drivers.

The age of the custdineome cannot betievith individually in the type of model
proposed here. It would be dealt with in an aggregate fashion using the cohort variab
described above.

Household income is also a candidatéHinverer, household income is not measured
regularly so GSP $&d as a good prokyrther, GSP is a fairly direct measure of the
activity of small A@sidential customigrst may be included in the dataset.

GAS CONSUMPTION FORECASTING A METHODOLOGY 28



ACIL ALLEN

However, to the extent that gas usagelisanetionary, it may also be unresponsive to
household inconiéis means that the driver may not prove to be statistically significan
and may be omitted from the final model on empirical grounds, though this does not
that it should not be tested.

Therefore, a potergcification of the model of gas quimsuof the average
residenti@ustomer ghown in equati@ix

Géti 66 EosaQi
|1 0001 @ 1 @
oo fiedQ "0V -

Evaluating the estimated price effect

The model showninequéjons | i near, so the goeffi ci
reflects the estimated change in gas consumption, measured in MJ, associated with
increase in the refaice in gas, measured in cents.

This coefficient will provide a measure of the price effect, which is commonly discuss
terms of price elasticity. However, the coefficient cannot be interpreted directly as an
elasticity because an elasticity iasureeof relatipercentagehanges. In other words,

the units are different.

It would be useful to compare the price coefficient frod)agjtattimer estimates of
the price elasticity of demand for gas. This will help ensure that the modelled results
within reasonable bounds. This can be done in one of two ways:

1. estimatequatioi n 61 og/ 1 og f or mé dlyariablagki ng
of just consumption and paig estimating the same regression using those
transformed variables. Irctde the coefficient on the price variable can be
interpreted directly as an elasticity

2. computée he el ast ipncanhudlly bgamputing the ichplidd yondumption at
a reference price and a second price one per cent higher (or lowerktian the refer
price

In either case the implied elasticity should be reported along with the forecasts and
compared with other estimates. If the éfagtieitly is out of line with other estimates the
first step would be to reconsider the model specifietdioniie whether there are

more appropriate functional forms or additional variables that could bWearonsidered
acceptable output cannot be obtained in thisinmayéie appropriate to substitute the
esti mat egwith anatheuvalueddieon the expected price elasticity of demand. If
this is done it should be made clear in the reporting.

24 The elasticity would be calculated by computing the percentage change in consumption divided by the percentage
in price, which would be set to one. Téhdtef@lasticity would be the consumption associated with the reference price
less the consumption associated with the second price divided by the consumption associated with the reference
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Total consumption of residential customers

Total residential energy consumption is calcslatgahas equation3)
47 OAI AiIT oOi DOEPBED AOOOI i AO ©)

Depending on the approach takesttnodel adjustments it may be necessary to take
these into account beforethisstep c o mp | et e d . In effect,
val ue i n the edustad d msnu mptoiveen npmer beu Ht o

52 Commercial customers

The recommended approach to forecasting gas consumption by commercial custom
fit a model totahistorical consumption by these customers to its drivers. Unlike reside
customers, it is not recommended to model the number of customers and average
consumption per customer separately. The reason is that while residential customers
likely to bromogeneous in the broad way they ube gasne cannot be $aid

commercial customers.

The gas consumption of commercial customers is likely to be related to economic act
(measured using GSP), weathéigas price. However, the natureaatimaships,

and therefore the magnitude of the regression cdeffi@gntde different. In

particular, residential gas users will mainly use gas for space heating, so gas consun
by residential customers is likely to vary signifltaethperature. These customers

also use gas for cooking and water heating, but the amounts involved in these uses «
variable with respect to weather. For example, the amount of gas used for cooking a
meal will be much the same regardies®ofside temperature, whereas the amount of
gas used for space heating will not be.

In relation to GSP, it is important, as discuseguied, for AEM® ensure

consistency between its various forecasts. For example, it would use the same GSP
for gas forecasts as for electricity forecasts and other work. However, there may be c
where it is appropriate to alter the GSP forecast in dqredastlarea.

Economic forecasts are usually produced at a relatively high level. For example they
reflect the likely economic performance of a state. However, there will be parts of tha
where the economic outlook is different than theratpgeFaor example, with recent
manufacturing plattsures there is discussion that the economic outlook for some par
the country is worse than others. Similarly, with anticipated car factory closures, part:
South Australia and Victoria ayettiketperience slow growth relative to other parts.

Depending on the details of AEMOOG6s ecc
6aver ag e dvile ecandmic owtlook. if so tfaeecasts would be

% overstatedhere local performaneee@ker than statéde performance

% understatedthere local performance will be stronger thaitstaéeformance.

AEMO could approach this by using disaggregated economic forecasts or-by making
model adjustments to forecast areas where eesfominge is expected to be

significantly differerdtate average levels. The latter approach is discussed/in chapter
It may be informed by surveys oindustrial users as discussed in cBapter

25 Note that multiplying the output of two regressli®togettier in this fashion relies on an implicit assumption that the
error terms (denoted U) are not correlated with one
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In relation to this the price of gas as paid by commercial customers, EnergyAustralia
that:

commercial gas custosrare often on multiple year contracts and thus exposure to step price
rises (rises independent of CPI and upstream contract repricing moments) may be delayed.

This will ideally be reflected in the way the price variable is structured for this class o
customer. The challenge in doing so is that there are many customers in this class s
contracts will be rolled over every year. Therefore, while an individual customer migh
experience a price rise every year, some customers will.

If noadjustment is made, the lagged effect of price changes would be expected to lea
price elasticity (or coefficient) that is smaller than otherwise as, in a sense, not all cus
will be responding to the price change.

If an appropriately detail¢giseéawas available this could be captured using cross
sectional modelling techniques, which would allow the individual consumption of eac
customer to be modelled using their individual price. Howeverthatthfgcaséh

likely to be impossible

If customers in the commercial category in a particular forecast area are known to be
6quarantinedo6é from pr i c atwouldbeappaopriats forf o r
AEMO to reflect this in the way it lags the price variable in that forecast area or perhze
model these customers separately, though this relies on the availability of consumpti
forthem.

In the commercial sectoigasll used for heating, but also for cooling, axodkarg

other purposes. While the heating requirement is still likely to be a significant contribt
explaining gas consumption in this sector, the extent to which gas consumption varie
temperature is likely to be smaller, at least in percentage terms.

Further, while gasainditioning equipment is very uncommon in the residential sector,
is quite standard in the commercial sector. This may also need to be reflected in the
consumptianodels, for example by uSbbas well as HDD (or one instead of the other
depending on the time period of the models).

Another factor that would influence gas consumption by individual customers is the
installation of-@nd trgeneration facilitiéhese forecasts are likely to be prepared at a
level of aggregation where this type of change is not separately identifiable because,
is of substantial importance for some customers, it is likely to be small relative to gas
consumption for alltousers as a group. In practice, this is not likely to be separately
identifiable in a model.

Therefore potential specificatioraf@rage consumption per commercial castdcher
be as showneéquation (4):

i7 #I 7T AOAEA] CAQ, ANl O@/0LO
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This implies that energy consumption is as per equation (5).
#I 1T T AOAEA]I CAM Ak T'o0mbOBKET (7)
Q #$$Q O0OERA
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If the model is seasonal, it is likely that HDD (in summer) and CDD (in winter) will be
dropped due to being statisiitsilipificant. In colder jurisdictions such as Tasmania anc
parts of Victoria and New South,Wealescommend that they be included in the initial
specifications and that this decision be made based on the early modelling results.

As this model is basadotal consumption by commercial customers, so are its outputs

I'n this case the model i s sean beiinteroretedd i ¥
directly as an elasticity. As above, that elasticity value should be compared with othe
inthe literature. If the estimated value is out of line with those values, it may be apprc
to substituteviith another drawn from literature. As with the residential model, if this is
done it should be made Geal both the estimated and stdxstitalue reported.

5.3 Model testing and validation

Once a model has been specified and estimated, it should be validated using standa
statistical diagnostic tools.

The recommended approach is to use three main methods of model validation, name
assessing

% coefficierdize and sign against theoratidatmpiricekpectations
% thegoodness of fit of the regreé=ipn
% thestatistical significance ointteiduaxplanatory variables.

The choice of modeVariatewill be based on theoretical cossithsrahekey drivers

to explain the measured variatias tonsumptiols a consequend&MO should
haveprior expectations of the likely size and sign of model coefficients. The first test c
model is to ensure that the coeffupémtidevith these expectations.

The second test of the models is the goodness of fit. The most commonly used meas
the goodness of fit #gdRefficient of determinatlarthe model validation process, the

Reis considered as part of a suateadélg statistical tools. Emphasis is placed on the
overall fit of the models as well as on the statistical significance of individual explana
variables.

During consultation, EnergyAustralia emphasised the importance of ensuring that mc
performance ismapared by reference to actual historical data. In isffettatt tie?
value does, though AEMO may al so want
year performance.

The third test is to ensure that each coefficient is statigiozaily thighis, that changes
in the variable associated with each cok#fi@enteffect on gas consumption that is
statistically different to zero on average.

If sufficient data are available fofsarhple testing this could also be congdsris,

a subset of the data could be withhelc
known drivers. However, with the relatively limited datasets that are typitady availabl
can be difficult to interpret because withholding daarforsiwill also reduce the
precision of the model being tested.
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Projected I nputs

Having developed étenometrinodels described in chapter 5 above, the next step is tc
obtain forecasts of all the input variables used in the regressions and produce baseli
forecasts. The main input variables which will be required are:

% GSP growth

% populatiogrowth bforecast area

% housingyrowth by forecast area

1, realretail gas prices

Y% weathedata.

A key message arising from consultation was that two characteristics of the projectec
drivers are important. The first characteristic was that the drivers should lead to forec
that ae reasonably accurate. This expectation was relatively unsurprising.

The second characteristic was less expected. Numerous stakeholders expressed the
that AEMO should make it very clear how its forecasts are developed. In some cases
stakeholders dess concerned that forecasts are accurate than that their basis is clea

With the methodology recommended here, these two characteristics amount to a
requirement that projected drivers are as accurate aamqbfisdtlithe drivers and their
sourcesre clearly statéd.

In some cases the appropriate source will be clear. For example, as a general propo:
ACIL Allen recommends that AEMO rely on data obtained from the ABS wherever pc
However, in selecting the source for each driver AN Besloate to ensure that both
historical and projected values are available and that they are prepared on a consiste
basis. The ABS publishes more in the way of historical data than it does projections,
may limit the extent to which AEMO dslBSudata for forecasts.

In some cases there will be no clear and obvious source of either historical data or fu
projections. In these casebOnaybasethe forecastmrelevant elements of the
economic modelling it commissions each year.

Regardlesof the sourcetbé inputs, AEMBouldnsure that the reporting of the
forecasts makes clstatements e gar di ng AEMOO6s expectat
1, forwardjas priceveldjoth wholesale and fetail

% priceelasticity of demand, by customer type

% housingyrowh

Y% economiactivity (GSP or similar)

% futureweather conditions

Those statements should be accompanied by statements of the source or basis of th
expectations.

26 Note that when drivers and regression coefficients are made clear, the process of replicating the foracasts themse
simple matter of arithmetic.
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Theranay be some controversy attached to these statements. However, the alternati
wouldcreate substantial uncertainty and lack of transparency around the forecasts an
stakeholdersoé6 ability to use them.

The relevance of most of the factors noted abeaxgdsiselfhough weather conditions
may be an exception. The issue herdhisnitneire weather data should be adjusted
from recent trends to account for clir
consumption forecasts prepared by Victorian gas DNSPs a discrepancy between the
expectations of AEMO and the Vigasi&dNSPs was apparent. As ACIL Allen reported
to the AER at the time, the discrepancy was not about the rate of decline in HDD, bu
6starting pointd from which that rate
ACI L Al | e atiorsis thateAEMQOrsimoaild @dopt its own analysis from 2012 as t
basis for projecting weather data forward.

The projected drivers are also the logical basis for scenario forecasts. One way to re:
the uncertainty surrounding drivers will be tsqandisbs. For instance, AEMO may
choose to publish forecasts of future
scenario.

The key point is that scenario forecasts would be based on an underpinning logic. TF
rather thatm gmudtdlbewd gf drheagehst s, t he f
uncertainty in the drivers.

In principle, AEMO should ensure that the input assumptions it makes in different
forecasting exercises are the same. For example, the gas forecasts in the NGFR wol
ideally be based on the same economic projections as the electricity forecasts in the
National Electricity Forecasting Rep6&iR)

In the past AEMO has commissioned economic outlook forecasts annually and reliec
these in all forecastidglL Alleunderstarsthat this practice will continue.
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Posmodel adj ust men

A key part of the forecasting methodology is to make gogtomikkeadjustments.
The purpose of these is to account for changes that are expected in future but are nc
refleatd in the historical data.

This chapter is structured as follows:

1, sectiorv.1lprovides eonceptualiscussioofwherpostmodel adjustments are
appropriate

Y sectiorv.2provide a general discussion ofgast#model adjustments should be
estimated and applied

Y, sectiorv.3relates to specifiestmodel adjustmettiat may be necesdathis
case.

It should be noted that the discussion in/s8stormmar i ses ACI L Al |
as to what might be appropHateever, this sectionteen prepared withA@iL

Allen having knowledge of the results of analysis yet to be conductied by AEMO
particulathepostmodel adjustments discussed hdtesacee d on ACI L Al
expectations as t o tldescrieebhtectiodhdinydealing t h e
with historical changes in energy efficiency standards.

As with many aspects of the methodology described here, ACIL Allen scommends t
AEMO allsthe data to inform the appropriate approach. It is possible that a detailed
analysis will support different conchodimse anticipated in sedti@n

7.1 When a post-model adjustment is appropriate

The issue to address is that relationships estimated using aomorhetgatly fixed
at some level. As an example, a simple modehtiitegid consumption might be
based on customer numbers only, as shown in(8jfdation

I Qi QQO% & NO@ N QNEE 6aOQWOT 0¢ aQi i ®

The model in equatfyincludes amssumption that, on average, every new customer
who joinsthee t wo r ki Gdwoff dad. Thistlie esamb amount that existing
customers usalso on average.

27 Note that this takes a different approach to residential consumption from that discussed earlier. This is for illustrati
purposes only.
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In fact, though, the average gas consumption of residentiahnaybtooecbnirig!f

it is the model in equaf®)rwould tend to overestimate the consumption of new
customers and, therefore, overestimate total consumption. If thec®otinéhhibe

past this could be addressed by adding a trend variable to the simple model shown ir
equatiofB). The modelould now be as shown in eq@tion

I Qi QQOEEDO@EN §NEE 06 GQBOT 0£ &t ©
TYi QEO G QBT 0€ aQi i

In this example, the average gas consungatgtn &f s i dent i al ocust on

GJ each year. In other words, in the first year every new customer is assumed to use

(BBGJ) oJfcoulg bemeghtiie). The yeartatterodel impligsatthey will

u s a+(2*0H GJ)and so on.

The model in equa(i@)is flexible in the sense that customers who join the network in
future years abea | |toouseediffeient quantities afayapared feeople who joined

earlier. However, it is fixed in the sense that the amount of this difference is fixed. Th
that this amount is fixed could be made more fwovrapéxple by allowing it to adjust in

a nodinear way, but ultimatsdyelationship will be constrained by a functional form, an
estimation will only be able to be informed by empirical data.

Postmodel adjustments are appropriat¢hstaralysias a reason to believe the
relationship is likely to change from thesemthigduturéhatis, when the analyst

cannot be confident that future consumption will reflect historical experience, even af
accounting for colartd othegffects.

For example, an energy efficiency policy might be implemented thtteniitehatnge
which average residential gas consumption declines gvesitimdeRadjustment
would be appropriate in this case if either:

% theresidential consumption model is similar to that in&gwétiaro(trend
component (or equivalent)

% thepolicy is expected to accelerate the reduction in gas consumption beyond the t
that has been observed. That is, if the policy could be comsideseéhagffort to
improve energy efficiency.

There is inevitably a degree of subjectivitirig ddwther to usgostmodel
adjustment in a particular case. Consider the possilpiistritwated adjustment should
be used t o phasoutofelearit wateoheaberst h e

In 2010, when thieaseout of electric water heaters appeared likely to go ahead, it wou
have been reasonable to makstmodel adjustment to account for it. While there had
been other policies in place to improve the energy efficiency of water heaters, such a
ratingandminimum energy performance stantigptaseout was more substantial
thanpastpoliciesandhencevarranted an adjustment of its own.

28 Theoretically it might also be increasing, though this seems less liked\atitimg tithit was, the same approach
would apply, though the signs would be reversed.
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7.2 Estimating a post-model adjustment

There are various ways tpastmodel adjustment could be made. Staying with the
example of the water hgadtaseout, in their regulatory submissions for the 2010 to 201¢
(current) regulatory period, the Victorian electricity DNSPs adopted an approach whe

¥»as s ume d alecthicrésistankedvater heaters in their network area
1 assumedhe rate at which that stock of water heaters would fail
¥ calculated he number of el ectric resistanc

% multipliedhis by an estimate of the avelagieig@ty consumption of relevant water
heaters

Y% @®e mo \eleatridity sales from their forecast of energy sales based on thét calculat

For gas consumption the same approach could be applied to estimagngthe
additional gagater heatershlte installed in a regibhat number could then be

multiplied by an appropriate estimate of the gas consumption of a current technology
replacement water heater.

The key characteristicspgfsamodel adjustment are that it should be based on objective
estimates of key parameters and that it logically reflects the reason it is to be made.

In the case of the hot wattaiseout, the parameters used are the initial stock of water
heaters and the rate at which they would fail. The former could be sihavee fsoch

as the Regulatory Impact Statement that underpioveditmelecision to phase out
water heaters. Regulatory Impact Statements are often a useful source of parameter
estimates fpostmodel adjustments relatiggyernmepblicy atheyaretypically

exposed to public comment and ddieighey are developed

The failure rate could be based on the useful life of a water heater, which can be dra
Australian Taxation Office depreciation schedules.

In other cases the detaildwidifferent. The unifying concept is frestitinedel
adjustment should be estimated using e
The same principles should apply to that calculator as to the overall forecasting mod
particulathe basis of the estimate should be clearly explained and transparent to allo
analysis by others. The irtputalculatoshould be clearly stated.

Postmodel adjustments are forecasts in their own right and, as such, should be made
transparently ahdsed on robust methodologies. They should reflect actual practice ar
experience to the maximum extent possible. For example pokitacdahy
adjustments wil|l be based on an o6appli
with observedaggtice rather than based on theoretical assumptions about what might
happen.

The hot water example illustrates that the appnoesimiodzl adjustment will need to
be tailored to the adjustment itself. The key methodological point is thathconsistent
stakeholder feedback throughout this proqesstimbdel adjustments should be made
in a way that is clear, transparent and n@akeaolders should be able to observe the
effect gpostimodel adjustments separately. Theyabduédableo reverse or alter the
effect for their own purposes if they choose to do so.

29 A small adjustment was made to account for other forms of electric water heaters that may be used in place of thc
failed, such as heat pumps, and to tfmr@pecial cases such as apartments.

GAS CONSUMPTION FORECASTING A METHODOLOGY 37



ACIL ALLEN

It is in the naturgpobtmodel adjustments that the inputs will often be uncertain. In som
cases they may be | ittle mor e thetbesh O b e
available, but the fact that there is substantial uncertainty should not prevent them fr
being stated cleaAg.with driver projections, it may sometimes be useful to address th
type of uncertainty by presenting scenarios, though iesmhayntagnitude of
uncertaingroundyas consumption will not warra#t this.

7.3 Post-model adjustments in this case

The previous two sections provide a general discussiopo$wioeielcadjustment
might be required and how it would be estimatedtidimigrovides a discussion of
specific cases whpostmodel adjustments may be apprdqritie gas consumption
forecasts

As noted above, the decision topgstnaodel adjustment is somewhat subjective. It
would also ideally be based orsesnafyspecific data, which ACIL Allen has not been abl
to do in this case. Therefore, the statements in this section are somewhat general. It
plausible that, eramininthe data, AEM@ayreach different conclusions to those
anticipated here.

The issue pbstmodel adjustments was discussed during consultation. For example, t
ENA took the view tledévanfiorecasts should reflect changes in house building codes
and increases in gas prices, which can motivate fuel switching to electricity for certail
usesit

At the time of writing this report, ACIL Allen considers that the two issues likely to be
candidateforpostmodel adjustment are:

1. theshift from gas to electricity for space hétatimgcommended approach for this
depends on the efficacy afdhert variald@proactescribed in sectthbabove
which is discussed further in s@c3i@n

2. forecasincreases in the price of gas, in particular teeldéie priod electricitythe
recommended approach is to examine the price elasticities estimated in the mode
consider substituting them for values taken from the literature if appropriate.

A discussion of thessies is below.

ACIL Allen does not anteifieat @ostmodel adjustment will be required to account for
energy efficiency policies genémsdligcussed in section 718 expectation is based
on an expectation that the cohort approach discussed!iBvgidiciczount for

changes in energy efficiency standards. In case it is n08.8aaiiodes t@rnative
approaches thaaybe considered

30 That is, in many cases different scenariosrafdqestdjustments will not lead to dramatically different consumption
forecasts.

31 The ENA also emphasised the importance of weather normalisation,ssbitmisetition 4.4.
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There are various other factors that may be cangidatewti®l adjustments, either

now or ithefuture, but which appear too uncertain to address at this stage. AEMO mg
wish to incorporate these inicefiterations of the NGFR. These include gas use for
vehiclesuelled by compressed naturagiiseincreased use of daed air

conditioning.

7.3.1 Accounting for increased use of electricity for space heating

A substantial portionesidenti@glas consumption is for space heating, especially in the
residential segment. In this application gas and electricity are in close competition wi
another. While there are various technologies that can be used for spieg heating,
point is that $htan be done using eiffasror electricity.

Until recent changes (and anticipated changes) in the gas market there appeared to
trend towards using gas for space heating where possible. However, more recently tl
has been evidence to suggedhtbaitend has reversed.

Evidence in this area is limited and difficult tA®lta#ilennderstarsthnecdotally

that residential developments and new homes are increasingly choosing to use elect
(reverse cycle) systems for cooling and, gihenstystems are being installed, they are
being relied on for heating as well. This allows the homeowner (or developer) to avoi
upfront capital cost of a separate heating unit. In the past, gas was cheaper than elec
by a sufficient margin ttetcapital cost was less of a barrier than it is now. More recent
thebal anced appe arekectricity. Theaonwenielde of hgviegdobe t
appliance that both cools and dleatppears to have considerable attraction beyond
simple ast relativities.

The recommended approach to dealing with thisastmeake gpostmodel
adjustment, but to deal with it by taking account of the age of houses in a given area
the 6cohortd vad4bamiel e described in sec

In the forecast period AEMO may choose to allow the model described above, with tf
cohort variable included, to provide the forecasts.

Conceptually, ACIL Allen idemtifiestheways that this effect could be included in
AEMOG6s forecast mod etbmmgkapoedmodehadjustmentad a \
all. AEMO could account for this effect:

Y directlyi by taking account of the number of houses with certain appliances,
combinations of appliances. In this approach AEMO would obtain data relating to
number of households with reverse cycle systems and/or gas heating systems in :
forecast area and incorporate these data into the relevant models

% indirectly bytaking account of the priedeofricitin the gas consumption models.
In practice we are not convinced that either approach will be effective.

The direct approach would require data pertaining to the number of heating systems

different types irengnt forecast areas. ACIL Allen is not aydoalafe data

regarding heater types in the public &ohinAllen @vare that some DNSPs

conduct periodic surveys to obtain this type of information in relation to their forecast
so AEMO mée able to obtain some of the necessary data through partnerships with

those DNSPs. Alternatively, AEMO could conduct its own surveys or there may be of

32 A survey was conducted by the then Department of Environment, Water, Heritage and the Arts in 2008, based on
2005, and there are periodic ABS studies.
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source& Furthermore, even if empirical data were available to some extent, forecasts
would be diitilt to obtain.

The indirect approach relies on an underlying assumption that changes in the current
of electricity drive changes in gas consumptdramtagyef this is that it is not limited

to a single identified phenomenon, reducikghheAKBMO will overlook a relevant

factor in its forecasting.

Thedisadvantage that it will be difficult, if not impossible, to fully capture the relevant |
changes. In particular, while the current actual price of electricity and gasnbtay be rels
this issuen practice, it seems likely that anticipated future prices are important as well
However, these are difficult to quantify, especially because different people will have
different perceptions and expectations at the same time.

We not¢hat the éntre for International Econd@iEsworking for SP AusNet,

attempted to incorporate the effect of changing electricity prices in its forecasts of ga
consumption in the context of the Victorian Gas Access Arrangement ReRiew in 201-
Ausetconcl uded that f@fAthe most appropriat
use is to allow for no relationship between electricity prices and gass¢éonsumption

Insofar as history is concerned, ACIL Allen anticipates that the cohort variable appro:
describedinsecthBwi | | 6écaptur ed t halongwvitlathege f r
general improvement in energy efficiency, though these would not be separately ider

EnergyAustralia raised two concerns with this approach which are, in summary, that:

1. thecohort approach r equi rcehsrtiratheffooecastc a st
period

2. byt he time the forecasts are produced
quite old. In future, customers may use even less gas than the more recent cohot
customers. If so, the cohort approach will venstatedfuture consumption

Given that this approach is applicable to residential customers for the most part, the
these concerns can be addressed by relying on a forecast of new housing starts. Ide
separate historical measure and forecast of major renovatiansavpatdtee as

well, as the housing starts data will not capture renovations directly. However, while |
starts data are tracked and reported quite widely, renovations detarasit isore
reasonable to expect that the two will be caoetatedutcome will not be adversely
affected by the absence of an explicit measure of relmoaddiios, renovations will

be captureith parby economic activity, which ACIL Allen has noted as an explanatory
variable that shouldcbesidered firclusiom the baseline model.

The second concern is more difficult. It could be partly overcome by including multipl
6cohortsd in the historical dat a. Ho we
cannot have more variables than the numdierioél data points (that is, some degrees
of freedom must be retained). In practice, AEMO will probably have relatively few
observations, especially if annual data are used, so it will be limited in the number of
variables it can add to the models.

33 For exampléhe ABS produces a range of statistical informat®ehotdrenergy consumption, appliance and
conservation which may be of use in this regard.

34 SP  Aus NEtGas Alices3 Artangement ReAmess Arrangement Information, Appendix 4A: Gas demand
Forecasting SP AusNet 20730, 3 0 Mar érdmw@wlakr2qv.cancesadd L3aDiederaber 2013.
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EergyAustraliads second concern coul d
model adjustment will be rednisettlitioto applying the cohort approach.

This may be appropriate. The underlying question is how much energy to attribute to
connections in the forecast period. In e@uatiomn he coef fi ci ent OFE
the gas consumpttitins oifs aa 6mews & thlhaits ew
dated. New houses in the forecast per.i
separate adjustment may be required. It may be appropriate, for example, to identify
average consumption of conngdtidhe most recent year for which data are available
(controlling for the other variables included in the basetind asxigf)e that this will

be typical of new connections thought the forecast period.

7.3.2 Adjustment for price changes via elasticity

Another area which was widely discussed during coasdltatiah is likely to
introduce substant i aisthaforwaed pricadf gas. iy is wodh /
remembering that at this point in the methodology only tariff \Arjcbsmantizicial)
customers are being considered.

In microeconomics, the simple concept that customers typically use less of a good if
increases, and vi ce vEonmly,the magnithde ofthe a <
price effect is measiby thewnprice elasticity of demand, that is, the percentage
change in demand for a good that results from a given percentage chatige in its price
should be noted that, technically, elasticity is estimated over a very small change in g
and thain many casdiseelasticity changes as price ché&hges.

There is also the substitution effect where a change in the price of one product leads
change in demand for another (cross price elasticity). In the context of gas consumpt
substitutiogffect applies to the price of electricity, which is discussed in the previous
section.

As shown in sect®?2, ACI L All ends recomyimendati o
relationship between price and gas consumption directly in the baseline econometric
models. The estimated coefficient on the price variables in the econometric model ca
used to estimate the price elasticity of demand for gas in a given region.

Theoretically, the same approach could be used to estimate the cross price elasticity
demand for gas (with respect to the price of electricity). In the 2048 Xiotesan G
Arrangement Revigwcess SP AusNet submitted demand forecasts Wwhe teetis
analysedHoweveits advisor, the Qs unable to quantify this effect and concluded
that the substitution effect should not be included in the forecasting models.

The elasticity as estimated in the models should be compared wittateduasodstr
studies. If the estimated elasticities do not correspond with expectations, either in sig
magnitude, it may be appropriate to substitute them with a value drawn from the liter:

% Theoretically, consumption of a 6Giffen [??] goodb®6
has been a matter of contention and pattielly ignored for most purposes.

36 |t is possible to construct a demand curve where elasticity is constant at one across all price levels (a unit elastic ¢
curve), but this is a special case.

37 If the consumption models arelwgléorm theoefficients can be interpreted directly as elasticities. Otherwise a
transformation is required.
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I n A CIreviewdf théctoriars gas DN&iRgulatory proposals in 2012 we noted
that each DNSP had suggested tipaicthelasticity of demand fas ggeproximately
minug.3. This was accepted by the AER, and was owitkitsteletermination in a

prior determinatittrmay also suggestth AEMOO6s anal ysi s sho

However, it is important to consider the possibility of double counting. Price elasticity
provides a measure of the extent to which gas users respond to changes (usually inc
in gas price. Howevemavides no information abeutai these responses occur.

Broadly, responsiveness can be thought of as comprising two components:

Y% abehaviourabmponeiitwhere consumers choose to use less gas as price rises. In
practice thimaymanifest itself ab@useholder deciding to set their heater to a lower
thermostat temperature and dress more warmly

Y astructurgphysicaomponeiitwhere higher gas prices lead to different choices
about appliances. For example, with higher gas prices, morpliefficesntray be
financially justifiable

Estimated values of price elasticity are invariably taken from models. In some cases,
of the physical composare accounted for separately and in others they are not. To
illustrate, consider a simplifigatisn where:

1. gasprices rise over time

2. consumersespond to those increases by double glazing their homes, thereby redt
the amount of gas required to maintain a comfortable temperature.

If these are the only two factors influencing gas comstimapttevant time peaod
if a measure thie amount dbuble glazing installed is available, a model of gas
consumption might be as shown in e@tion

GeEtioanaQEe Al QMQ "QAaGOETE Q10

where prigis the price of gas at tiared glazintg a measure of how much double
glazing has been installed.

I n t hijsepresents ¢hé pricefelasticity of déftfandt he o6 gl azi ngé
omittedit is likely that the estimate of this elastititye likely to be larger, as it would
be the only variable in the model accounting for a gradual decrease ip&onsumption
customer

The point is that, in this simplified example, customers are installing double glazing b
price is rising, se tieduction in consumption due to double glazing is, strictly speaking
part of the broader response to price. By accounting for double glazing separately in
model , t he iipreducedtoanedihdteiofcthie bamdvioubal response to
price

In itself this may not be a problem for forecasting. However, if forecasts are to be acc
the approach illustrated here relies on an accurate estimate of both gas price and the
uptake of double glazing.

3 Note that as t he mo diésllinear ot strictty sperakihgem edastitity. & hisdismat impoirtant fa r
illustrative purposes.
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Timing must also be considered wdwamtig for the effect of price on consumption.
Theoretically, the effect to be considered is that users may take time to respond to in
in price. There are two reasons:

1. ittakes time to repl@@susing appliances, many of which are longlived wit
significant upfront capital cost

2. itmay take time for a price change to impact an individual customer if, for exampl
contract is in pla€e.

This is an issue which has been examined in various past forecastingamtbgects. It is
empiricajuestion, so a definitive statement cannot be made here as to the correct lag
structure to appty even whether the data support a lagged apprdadilatiglto
beworthwhile experimenting with differeatesrincthe model fitting stiafyed the
combination of lags thatdgdainthe historical dalia.additiorthe approach to

modelling should reflect reality as closely as psadigmalssed in secidhit may be
necessary to structure the commercial price variable to reflect contract timing.

7.3.3 Energy efficiency policies

Another area that has regpiwstinodel adjustment is the recent rapid uptake of energy
efficiency initiatves. Dven by various policy measul
in New South Wales, Vicemth South Australia, there has been substantial effort in
recent years ittroducenergy efficient applianedschhave reduced the amount of

gas cusimersise.

The Victorian Government has recently announced that its white certificate scheme v
cease from 2015. While athée certificate schemes appear likely to remain in place, tt
impetus farewmeasureis now quite low. Therefore, whiley efilicignt appliances

might now continue to be taken up at similar rates to the recent past, it is unlikely tha
policydriven accelerations in their uptake will be dbserved.

The impact of energy efficiency schemes has been that the average consumption pe
customer has declined. However, from a forecasting perspective, this decline is now
6 p r e s eempiricalatanin térinseof the model of consumption per customer shown
above, the response of energy consumption to changes in GSP is smaller than it wol
otherwise have been.

The question to consider in forecasting consumption is whether that coefficient will de
further in future, which would wapastheaodel adjusentor whether no such
adjustment is required.

This is not so much an empirical question as a policy question.

It amounts to asking whether the uptake of more energy efficient appliances during tf
forecast period will continue at a similar avetagkatiehich occurred during the

period for which historical data are available. In most cases we expect that this will n
happen because there are, currently, no proposed policy interventions of which we a
aware that would drive such an increaséoréhere would expect thppetnodel
adjustment is required for energy efiimboies

39 This is really a measurement issue arising from the fact that the measure of price will typically be an index or simil
changes annually. The individual price paid by users will reflect that index over time, but not immediately.

40 Generally speakihgs is because, while existing energy efficiency policies will remain, there are no new energy effic
policies on the horizon.
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The issues involved in forecasting gas consuragticatbstpraeds are different from
those involved in forecastirgfercustomers

This chapter outlines the recommagmiexhcto forecasting consumptidarbg
customers.

First, sectidhlprovides a definition of large cerstdon these purposes.

SectiorB.2describes the recommended forecasting approach.

8.1 Identifying and defining large customers

6Smal |l 6 cust omeficientlydhomegemeoumthat their gas eonsdmpson f
can reasonably be forecast using econometric methods based on the behaviour of th
average commercial or residential customer.

In contrast, there are relatively few large customers and, more iayparéaatiythimg

but homogeneous, as evidenced by the brief description of the South Australian netw
section C.3, which refers to a cement production facility, a glass manufacturing facilit
a steelworks.

For these purposes, large customerstmmerthat AEMO identifies afahecast
area schematic stagéhase whosmnsumptionwillforecastising the approach
described in this chapter.

It is recommended that AEMO avoid defining large customers strictly. For example, &
thresholtbasedhpproach suelsé | ar ge cust omers are all
greater t han xndtead, AClnAlcommestttainABN O idesatil .

the customers whose consumption is large relative to their forecast area. In some for
areas the willikelybe customers who are defined agnatgihstanding that they use

less gas than customers in other areas who are not defined as large.

The recommended approach is that AEMO consider each forecast area separately a
identify the customei®se consumption is sufficiently large that it should be considere
separately. Those customers should be identified on the schematic as large custome
practicear ul e of t hl@anbs tsaumérr asi Mttolpe r egi on
helpfulAEMO should also consider the extent to which candidate lar@e customers
consumption varies. It will be more helpful to the forecastingquogesor

substantial variations in the consumption of smaller customers than for small variatio
consimption off a larger base.

8.2 Forecasting consumption of large customers

Conceptually the methods described above could beagptiadttomers as well.
However, in practice they would be unreliable because ofitfezingdehachcteristics

of theecustomers. ACIL Allen does not recommend using an econometric approach
forecast gas consumptiolafgecustomers.
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Therecommendegbproacto forecastirijegas consumption of large custisters
usethe survemethod. ACIL Allen considenni¢tiod wiknd itself reasonably well to
forecasting gas consumption in this part of the market, at least in the short to mediun

Conceptually, theeferredpproach fgstto determirteehistorical consumption levels

for each individuaker. Where these have been relatively stable, it is reasonable to ass
(in the absence of contrary information such as announced plans for expansion, cont
or closure) that those customers will continue to consume the same artiaint of gas ir
fuure as they have used in the past. In cases where a reason can be identified to ass
change in consumption for a particular customer, this should be incorporated and the
for the change recorddw (Queensland) Department of Energy andigter Su

pointed to the Energy Efficiency Opportunities scheme as a source of potential data
to historical changes in consumption.

This seems a simplistic approach, but at this very large end of the market (and excey
gasfired power generatoas #ne outside the scope of this exeassis) typically used

for industrial production processes which are inherently quite stable. For the most pa
are immune from weather effects and otherrmshaatiability that characterises
consumptidsy other custome@ course, this is not to say that they never change, but
when substantial changes occur they are generally due to long foreseen events such
expansion or closure of all or part of aRaciégample)South Austrabiacase in

point is the General Motors Holden facility in the northern suburbsonbheelside.

the Ford factories in Melbourne and Giélasgecently been announceithebeat
facilieswill close. ACIL Allen has no specific knowlestpfaaflibs but at least as

an illustration it appears reasonable to exgeeptliatontinue to use a fairly constant
quantity of gas utitdy close when theyradllicegheirconsumption substantially.

The data sources for this approach are <baverally, ACIL Allen recommends that
AEMO condsdurveys dhelarge customedentifieth each forecast apddhe

forecast area schematic dtagientify expected changes in their gas consumption. This
should be supplemented by active morfithiengarket to identify relevant changes. If
this is coupled with the daily interval meter data we understand to be avaidable to AE
reasonable forecast of consumption could be produced.

The surveys themselves need not be complex. AEMO simghometdssize and

timing of anticipated changes in the gas consumption of large users in each forecast
In many cases large users will not anticipate changes, in which case AEMO would ei
project their consumption to be constant or perhapsalhkdjastment at the

aggregate level to account for economic growth generally.

An addition tmnductingurvey, which was raised during consultation by EnergyAustrali
istoconsidertheo s si bi Il ity that changeactthen one
consumption of other custorenmsoted abovime next few years will see the closure of
car manufacturing plants in several parts of Austraéshased approach should

identify the extent to which those businesses will reduceribeingtisrcdHowever, it

may also provide information titeiliely reduction in consumption by the firms that
supply them. This may lead to direntqguedtadjustments in the commercial customer
category or to modifications to the economic ocdldakftorecast areas (see section

5.2.
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It mayalsobe worth considering the historical data for large customers in agghegate
forecast area over ttmalentify any statistically significaterimngrowth (or decline)
trendor an aggregate relationship with a driver such as econofrticsagtivity

involve estimating a simple regression model as illustrated1i)equation

ADIAEXET 60aN0OQEE 01 QE-Q 1y

Ifthe model suggests that a pattern existor example if the coefficient on the trend
variable is statistically signifiteene may be a reasonable basis for including an
Afunspecified industrial g refleat thé fact thab mp o r
there is typically a correlation between economic growth and growth in energy demat
that with Al umpyo i nvest nmtsnften uncearjustw f &
where the growth will occur.

In surveying largastomers AEMlIneed to be sensitive of confidentiality concerns
associated with the data being sought. In particular, AEMO will likely need to publish
an aggregated level to conceal the use of individual large customers. The level of
aggreg&in should be balanagdinstheloss of transparency.

A furtheissue to consider is the appropriate treatment of new industrial loads and shu
of existing loads. In particular, AEMO will need to take a position on new loads that h
been annountdéut are not yet committed.

One possible approach is to use probability weights. AEMO would recognise all
ffannouncedo projects and apply indivic
progress and prospettéswouldalso allo’EMO tprodice high, medium and low
forecastm this segment. In the high case it would take an optimisticstdahce

projects and in the low case a pessimistic stance

The problem with this approach is that it is inherently subjective. It assigns arbitrarily
selected probabilities to projects for which the aotingpatgation also not firm. The
resulting forecast has little relationship to what the project could actually be expected
Another problem is that oddadplfes preaceedinge me
mayinfluence that likelihoodraaytarry weight in finahmarkets, prejudicing the
proponent 6s chance oforsearingdustogiers. unds , ¢

An alternative approstb assign all projects at a particular stage the same probability,
without considering the specifics of individual projects. For examplbaathavejects

not reached the Front End Engineering Design (FEED)dthgareated gsex cent

likey to proceed. Projects for which FEED has been complgieddesseopability.

By taking a more armdés | engt h maypager oact
on investment markets.

Another approach would be to disregard projects ettieghpactila certain point in

the approval process. For example, AEMO may decide to includegfierjbets only
have reached tRmal Investment Decistage or only after they have completed FEED
and havthe requireghvironmental approval$aicep
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f or ecas

Compi |l ing
computing scenar.i

9.1 Compiling forecasts

At this point in the process AEMO will have separate, independently prepared foreca
each forecast area of gas consumption by:

1 residentiaustomers
Y commerciand industrial tavifEustomers
% largeindustrial customers.

The remaining step is to combine the forecasts together to produce a single forecast
each forecast area and for larger geographic areas as required. This is simply a matt
taking the sum of each componecagoto produce an aggregate.

Therefore, the total forecast for a forecast area is the sum of the component forecast
theresidential and other custoategorygther than large custoneash component
forecast is the result of eithegr@ssinbased modelling process, perhaps involving two
or more regression models. In the large space the forecasts are produced by assumi
consumptidomorrowvill be as it wasdayother than where surveys have revealed

likely changes.

9.2 Scenario forecasts

A requirement of the methodology was that AEMO should be able to use it to produc
forecasts under different scenarios.

I n ACIL All enbds view it is not helpful
decreasing the output variable fordtwn sake. Rather, ACIL
approach to scenario forecasting.

That is, scenarios should not be simply a matter of increasing or decreasing projecte
consumption, but should be logically connected to differences astuengiticing.

Therefore, preparing different forecast scenariestépatwoess. First, the driver of
interest must be identified and altered to reflect the relevant scenario. Second, that a
driver is applied to the regression models deaeliepéol eroduce different forecast
scenars.

For example, AEMO may produce gas cons:¢
growth or 2.5 per cent per annum. It
where it assumes 1.5 per cent annoairecgrowth and applies this to the model. The
result would be lower forecast gas consumption (presumably), but the scenario is log
connected to uncertainty about economi
series of conditional statem&hé ispn conditicthatpopulation growtr another

driver) is as expecigas consumptimnforecast tee XPJ. However, if population growth

is different, then so too will be gas consumption.
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Another way that different scenarios can be afmaentedugiosimodel
adjustments. The details will vary in each case, but there are likely to be input param
thepostmodel adjustment calculators that will be uncertain and could be altered to ref

different possibilities. This wouldcgratlernative consumption forecasts reflecting those
uncertainties.
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The methodology above outlines a methodology for estimating total gas consumptior
each forecast area AEMO would define.
edimate maximum flow on 1 in 2 a2@yearbasesind on a maximum hourly basis in
Victoria

It should be remembered that this relates to maxiamorhdaitfjowexcludingas

used for power generation, which is 1tc¢
experience, it is the GPG sector which provides most of the variation when looking a
consumption levels period to period.

Conceptually, these forecasts @bbisbd on the consumption forecasts or prepared
independently of the consumption forecasts.

ACI L All en6és understanding, updated di
daily loads are typically based on consumption forecasts. Brdaddjamdingns that
forecasts of total gas consumption in an area are prepared and then multiplied by ce
ratios to produce estimates of maximum daily flow. The ratios are based on historical
and were generally described as beiegtalditheaind fairly widely accepted.

As we understand it, the ratios are fixed and have been so for some time. Therefore,
approach relies on the assumption that the relationship between average and maxim
will be the sametiefuture as it was whemritio was established. It is beyond the
scope of this project to test or verify this assumption, but it appears that it would be p
for AEMO to do so if it intends to continue with this approach.

An alternative conceptual approach to usingoixisdoatapture the variability in them.
Two approaches to doing this are discussed below.

In principle, either of these approaches will outperform the ratio approach if the ratio |
well chosen.

ACI L All enbs r ecomme nrélativeiperfarmanee ofthe at AL
existingsatiebased approach and the alternative approaches outlined below and adop
approach that provideotitanabalance of resource requirements and accuracy.

The following discussion focusses on forecastagypeaksumptidie same
methods can also be used to forecast maximwortsoumigtiqgerovidethe underlying
datais available tterequiretevel ofranularitshould AEMO require, the same
methods described belovatsabe used to forecaghimum flow.

GAS CONSUMPTION FORECASTING A METHODOLOGY 49



ACIL ALLEN

10.1 Load factors and coincident peaks

A system load factor relates to the ratio between average consumption and the peak

consumption level over a period. The concept in gas is exactly the same as it is for
electricity.

To illustrate the challenges in forecasting peak daily consumption levels, consider the
following hypothetical bulk supply point, which already has consumption forecasts by
segment on a monthly basis over a year as showrBil&igisrassume that SEMs
forecasting methodology has yielded results for forecast consumption by segment wi
aggregate results in total consumption over the yedrJobigkEd down by residential
260TJ (26per cent commercial 182 (1&er cent small industrz22TJ (22er cent

and large industrial 34834er cent The annual profile of consumption is skewed

heavily toward winter gas consumption, driven largebidsntii@ndcommercial
segments.

Figure 3 Consumption forecasts for hypothetical bulk supply point
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Note: R = residential; C = commercial; Si = small industrial; Li = large industrial

This forecast data does not provide any information in relation to peak daily consumy
through this bulk supply mether in aggregate or by segment.

If, in an ideal world, full historical daily data is available for each customer segment, t
AEMO could undertakaiatorical analysis of peak daily consumption for each segmen
This would likely include the weather effect on peak consumptieteranddasgaal

effects. Suppose AEMO6s analysis resul
segment as shoimrFigurd.
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Figure 4 Hypothetical bulk supply point: historical peak daily consumption

by segment
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The analysis would use monthly loasl tacterive an expected peak daily consumption
value, by month, by customer segment, noting that it is unlikely that the sum of the m
peaks across segments would equal the peak daily consumption through the bulk su
point because the peaks aileelynto be coincident. That is, they are unlikely to all occur
on the same day within the month. Therefore by definition, the peak flow through the
supply point will be less than or equal to the sum of the components. Similarly, the pe
daily consuption level for eastern smatheastern Australia as a whole will be less than
the sum of daily peak consumption levels for each of the bulk supply points which me
the market.

Armed with disaggregated daily data, AEMO could identify morghinméak days

and calculate the level of coincidence between the segments. Regressions could be
undertaken on this historical data to arrive at a forecast of peak daily consumption le
segment, based on the previously developed monthly comsuagition fo

However, as discussed in previous sections, it is not clear that the required data to
undertake this type of analysis will be available to AEMO. AEMO may only have acce
aggregated daily data, with no way of breaking consumption daga belctdal

anat Wer 6 (hesop afasidentistemmerciandsmall industrial

components). In some cases even this breakdown may not be possible, with only an

aggregate daily consumption data being available for some bulk supply points.

In the absence of a meaningful way of breaking down historical data, AEMO will be u
to forecast peak daily consumption by segment, ccayteifarecastill not be able

to be verified against actuals. AEMO will only be able to sassipdafodaily
consumption at the level to which dadyedatsilable.

10.2 Regression and simulation

The regression and simulation approach is widelyaagkdrinormalising maximum
electricity demand. However, the approach is inherently mpevith daatiomness in a
variable, so it need not be limited to weather normalisation.
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Weathenormalisatiogbasednanestimatequantitative) relationbleipveen

maximurflow in a given forecast area andriadlethatdriveit. In this example it is
assumed that the variability in maximum daily flow is driven by variability in weather.
not so in certain cases another variable would be substituted.

This section concludes with a description of the recommendadhapproach
alternative variable can be found, either because the source of the variability cannot
identified or because it is identified but cannot be.measured

The recommended approach is that weather normalisation is applied to each season
individuallgivertheobjectives toforecastveathenormalised maximdaily flowt is
onlynecessarnpanalysseasons when maximum daily flow is likely to be observed. In t
illustrativdiscussion it has been assumed that this will occur duringehiedvinter

Weather normalisation begindatifloranentireseasorinasingleyear Thenecessary
dataare:

1. observedailymaximurfiow
2. weather

In this discussion we assume that the appropriate weather measure is HDD, though 1
should be tested by comparing correlations between daily maximum flow and HDD w
other alternatives.

The first step is putea linearegressiooftheformof eqatior(12.
00 az000 & - 12

where Mis maximum flow observed odfdawll days in the datadéxais the
contribution made on dnmaapdcayeddgredsion t he arr
parameters, ands an error terthmay also be appropriate to incorporad@ynulti

effects by adding HDD from the days preceding the peak day to the model.

The regression coefficiantngc) are used in the weather normalisation procedure by
computing flow as it would have begrayef the relevant season in each year for
which historical data are available.

The procedure is to:

1. usethe estimated regression models for each season with all available weather d:
produce estimates of what annual maximum dailyiditvave brin each season
under all of the weather conditions that have been observed given the relationshi
estimated in equatipp

2. dlowforthenatural variability in daily maximum flow using the standard error of eac
fitted regression. This is done by adding an error taken as a draw from a normal
distributiowitha mearofzeroandstandardeviatioequatothestandarérrormf
theregresiontoeactfittedvalugromtheregressioabove!

41 Assuming that the errors are normally distrioutetbeguate starting pbiatshould be used unless there is strong
evidence to the contrdihe analysis suggeststtieerrors follow another distribigonit is reasonable to ufie it.
may be the case ttia true distribution of the errodattas taihan the norndibtributiorn this case the
simulated errors will be smaller than they shodlddrseguently the simulated maximum deithbedsmaller.
Weather corrected 10 and 50 POE demands will be kheerstiauld be in this case.
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Toillustratezonsideaforecast area for whilgreare30yearofwinteweathedataat
theweathestatiorthathasbeendentifiedsbeingnostloselgorrelatedith gas
consumptioAssumehatthechosenveathevariablés HDDandthatthereverer5days
eachwi nt er t h at,novweeekendsoe publihhelidayss mi | d 6

Firstusethecoefficientsftheregressiodescribintheweatherelationshigquation

(12) andheweathedataforthe75working days in all available years (30) to produce
estimates of what the daily maximum flonaw®bieein in the most recent season under
allweather conditions observed.

In this example there would now be 2,250 fitted daily maximum flow values (that is 7*
Notionally these suggest what daily flow would have been in the year {#2en equation
was estimated for each weather outcome that has been seen in the last 30 years.

Of these 2,250 values, 30 are annual maximum daigsflowevalaximum for each
year of weather data. Record those 30 annual maximum flow values.

Then a random error is added to each of the initial 2,250 notional flow observations.
done by taking a draw from a distribution with mean zero arelvstodagual to
the standard error of the estimate of the regression describéddih section

Every time this is done (i.e. every time a trial is conducted) another set of 30 annual 1
is produced. Therefore, if 100 trials are conducted vifigoee2@b,000 daily maximum
flows, of which 3,000 will be annual maxima.

The 10 and 50 POE flow values are taken from these 3,000 observations. That is, the
POE is the median of these 3,000 values and the 10 POE is the value th@atHfalls on th
percentile. This is illustrated in FgArgy POE level can be taken by choosing the
corresponding percentile.

Figuresillustrates the result of simulating 225,000 observations from a normal distribL
with mean 88 MW and standard deviation 5 MW and taking the 3,000 simulated annt
maxima. The 10, 50 and 90 POE values from the simulated data are shown in Table

42 We have assumed for this illustration thatgasmtion, and therefore maximum daily flow, is significantly lower on
nonworking days and on days when the weather is mild than at other times. These assumptions should be validat
the data before the procedure is commenced. If either asswtngtigpoirted it should be omitted.
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Figure 5 Distribution of simulated maximum flows and POE (percentile)
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Source: ACIL Allen Consulting

Table 6 Weather-corrected flow at 10, 50 and 90 POE i example

POE level Flow (MW)
10 94.5
50 87.9
90 81.4

Source: ACIL Allen Consulting

This process is repeated for each historical season for which data are available and 1
which a relationship between maximum daily flow and weather has been estimated.

These can be used as the larsistimating growth rates in maximum daily flow, which
could be applied to the most recent normalised flow to produce projections of maxim
daily flow.

The model in equafb® will provide evidence as to whether the variability in maximum
daily flow is attributable to weather conditions, in particular through the significance c
weather variable and the fit of the model.

If the radel shows that maximum daily flow is not explained by weather, another
explanatory variable should be used. This should be chosen to reflect the underlying
of the variability in maximum daily flow.

If that driver cannot be identified or liét idemtified but no suitable measure can be
found, the recommended approach is to treat the var&hdiyraty random by
estimating a 6constant onlyd model anct
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10.3 Ratio analysis

An alternative to the regressiosirantation approach is to analyse the variability in the
ratio of maximum to average daily demand itself. In this approach AEMO would com|
ratio for as many years as the data allow in the forecast area. The ratio would then b
regressed on averalgdy flow to produce a model as shown in éfdation

00 .
oy az00 w - 1
570 13
WheréMFis annual maximum daily A6v8, annual average daily flsagn index of
yearsmandcare regression coefficiemtdCis an error term.

AEMO would then conduct a simulation exercise using either the standard error of th
regression in equalibd of the residuals front tiegression to produce a distribution of
ratios. The 1 in 2 and 1 ira2@svould be drawn from that distribution and applied to the
forecast of gas consumption to produce forecasts of daily maximum flow.
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11 Tracking actual s

When it hgzroduced forecasts, AEMO will also compare actual gas consumption to it
forecastslhe procedure for doing this is discussedhaptes

11.1 Comparing actuals and forecasts

At a high level the procedure for tracking actuals against forecagts is relativel
straightforward. It is simply a matter of obtaining data from the same sources as wert
to produce the historical data for the relevant forecast area and comparing them to tt
forecasts.

The complicating factor is that the forecasts will benen moneat basis whereas the
actuals will not. Therefore, the actual data must be weather normalised. This is done
the coefficient from the original forecasting model and the same weather measure.

Therefore, in an example where the chosen waathrerwas HDD and the coefficient
on HDD in the forecasting model was b,
normalised | evel of HDD and the number
This would produce an estimate of the al@mggaimption due to weather conditions
being nonormal. This estimate would be subtracted from (or added to) the observed
consumption to produce an estimate of weather normalised actual consumption.

That estimate would be compared to the originaidioteearresponding time period.
The key aspects of this procedure are that:

14 thecomparison must be madeli&e for likbasis using data from the same source
that was used to prepare the forecasts in the first instance. This prevents discrepe
in data capture and measurement biasing the comparison

%, thecomparison must be made on a weather normalised basis.

While this is the best basis on which forecast and actual outcomes can be prepared,
caution thdttwould be unreasonable to expestEhBtOd s gas consumpt
match precisely with actual data when compared on this basis. The reason for residu

discrepancies, which is discussed in section 11.2, is that this process does not accol
differences that might occur betweeadivand actual drivers of consumption.

11.2 Describing variance using drivers

As noted above, AEMO can, and should, periodically compare its forecasts with actu
weather adjusted gas consumption in each forecast area. However, it should not exp
thee will be no differences between the two.

The following is a list of factors that would reasonably be expected to cause differenc
between forecast and actuals, each of which is discussed below:

1. differencebetween actual and forecast drivers

2. intraperod effects

3. billingag

4. averagingnd other simplifications in the forecasting method
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5. stochastiGrandom) aspects of consumption
6. unanticipatadfluences.

Wherallthese factors are considareappropriat@rget cannot be specified without
analymgthe data. It is likely that the appropriate target would vary between forecast &

11.2.1 Driver effects

The first source of difference between actual and forecast consumption is the project
drivers. The details will vary between different modetd forditkeseareas, but the
forecast in each forecast area should actually be thought of as a conditional forecast
is, AEMO would provide a forecast of gas consnomtititiothat the drivers are as it
expects. It follows logically from thisthaf t he dri vers differ
consumption vailso

In a simplified example, AEMO may conclude that gas consumption in a particular ar
depends only on economic activity. It would forecast consumption using a model sim
thatin equatiofi4).

"AO AT oQiibOEIO (19

In other words, AEMO has concluded that for every unit increase in GDP, gas consul
will increase by b units. 1t then proc
level. To illustrate, assume that AEMO expects that, in the rd|eS&ft mitibe G

units. Therefore, AEMO concludesrticanditanh at GSP i s 6G6 un
wi | | 1Goe unl + bs .

When AEMO comes to assess its forecasts, the actual level of GSP may not yet be k
but it will already haceurredfGS P act ual I, then AEMOfweuld expdctr o r
gas consumption to be different than it forecast as a result of that difference.

I n practice, AEMO6s forecasts wil/ [ i
including economic actigég pricend population. Any of these drivei@ andluh all
likelihood wdlturn out to have different values from those assumed by AEMO in the fir
instance, leading to differences between forecast and actual gas consumption.

11.2.2 Intra-period effects

The next factor that may lead to differences between actual and forecast gas consun
is also concerned with driver projections. However, unlike the issue discussed in sec
11.2.1, this section assumes that the driver projection is correatt{eally GBS out

to be 6G6 units). This issue relates t
The economic drivers that are |ikely t
typically forecast on an annual basis. For example, GSP and population are typically
for ecyaesatr aosn year & growth rates. Howev

will be linear during the year.
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For example, at the time of writing the Victorian Treasury forecast for GSP growth we
2.75per cent per annum each year frod201 20167431t may seem overly simplistic

to say so, but this amounts to a prediction that between 1 July 2014 and 30 June 201
economic activity in Victoria will be 2.75 per cent greater than it was inlthe preceding
months.

Importantly, this is not nesdgshe same as saying that economic activity will increase
2.75 per cent from the previous year in every, or in factl2moaothiken 204145.

Nor is it the same as a forecast that economic activity will increase by any particular :
betveen corresponding quarters.

However, when this growth rate is used in a linear projection model such as that des
in this report, this assumption is made. This gives rise to the possibiiibgdof intra
effects. A forecast can be higher thannacheaperiod and lower in another period and
still correspond to actuals when both periods are considered together. If AEMO comy
actual outcomes with forecasts over a shorter timeframe than the period of the driver
were used to prepare thefaite there is a risk that-perad effects will distort the
outcome.

11.2.3 Billing lag

Billing lag is discussed in secBdnSimply put, the accumulation meters used in the ga:
industry (and in much of the electricity industry) mean that timgsetefleeted in a
particular season relate to gas consumption that occurs substantially before that sea:
The result is that seasonal effects in particular will be difficult to observe in data that
broken down to thestometype level. At moggeegated levels meter reading is more
frequent, so billing lag is not present.

ACIL Allen expects that billing lag will prevent AEMO from being able to compare act
with forecasts at anything other than the aggregate level. For example, while it may k
reasonable to compare total consumption in a forecast area, it may not be possible t
compare consumption by commercial or residential customers separately.

11.2.4 Stochastic (random) aspects of consumption

In making any comparison of actual and forecast, AlEdd@eshould remain aware
that gas consumption, as with many other variables, has random characteristics. By

contrast, forecasts are inherently 06ce
assumptions including averaging out manylsemaiés The regression models AEMO
uses to 6fitd historical gas consumpt.
report.

This term does not relate to error in the sense of mistakes made by the forecaster. R
relates to errortire sense of a random (stochastic) disturbance.

It reflects the fact that actual gas consumption is the result of millions of small events
of those events are explained by variables that can be observed and measured, and
are accounted forhia tegression models. However, other events are genuinely randor

43 At the time of writing the AG1¥ictorian Budget is imminent and the growth projection may change. This is noted, bt
immaterial for present purposes.
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In any regression model there are differences betwaav#hees and the fitted line,
as illustrated in Figrerhich uses simulated data that were created to illustrate the poi
that forecast accuracy can be strongly affected by pure randomness.

Figure 6 lllustrative regression model

yFy
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Source: ACIL Allen Consulting

The basis of a regsion model is thatakpectedyr most likelyalue of the error term
is zeroHowever, in any given case the actual value may not be zero. In fact the chan
that the error will be zero are small.

In the example shown, the errors were generaelg treginning with a linear function.
Therefore, the model shown here is the best that can be used to forecast the results.
model shows a good fit, with the simple regression line explaining almost 84 per cent
variation in the blue data pointevegwhe errors range betwiepar cent (when x=2)

and +31 per cent (wkeh).

A regression is accompanied by a stanct
fall from the &6lined. The 6is3bnThacad er r
be interpreted in a number of ways including that the analyst can be 95 per cent conf
on the basis of this model that the actual value will fall within 6.32 units either side of
regression lit€This 95 per cent confidence inteshalig in Figure

44 That is, within plus or minus two standard erroegEssien line.
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Figure 7 lllustrative 95 per cent confidence interval
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There is up to a 75 per cent difference between the outer limit of the confidence inter
the regression line.

11.2.5 Unanticipated influences

I n addition to the sources ofgasuncert ai
consumptidorecasts will be limited by the effects of factors that werd antkmuiwn
knowabke at the time when the forecast was made niie gikghgovernmemntakes

policy changes that have an effect within a given forecast period and those changes
unanticipated whieforecasts were preparedghla@gesill cause discrepancies
betweetheforecast and actual results. Sinifilpdijcies are known to be coming, but
arenotsufficientlyell specified when forecasts are prepared to quantify their effect, the
same result will be inevitable.

Other unanticipated influemzgimclude the sudden closure of a large indudiyial facil
resulting either directly or indirectly in a significant reduction in gas demand. For exal
the decision by Penrice to close its South Australian soda ash operations in 2013 res
a reduced demand for steam from the associated Ggboeatoroplant, which in

turn resulted in reduced gas demand at the Osborne facility.
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Alternative modelling approaches

This appendix provides a summary of each of the four different modelling approache
considered in this project and discussed in the options paper.

They are referred td%as

1, theeconomic modelling approaelatior. 1

%, theeconometric approadectior.2

1, thesurvey approatiksectiorA 3

¥ thepanehnd appliance moagproadcts’®i sectior\.4.

A.1  The economic modelling approach

The economic modelling approach to forecasting gas consumption has been used re
to forecast gas demanahbystrial customers. It is based on the fact that energy is an
input to production and therefore energy demand is a function of ecdfiomic activity.

Broadly, the approach is in two stages. First, a projection of economic activity in the r
for which fecasts are required is prepared. Then, likely energy consumption is inferre
from the economic projection using an output elasticity of demand for energy. This aj
implicitly assumes that the energy intensity of economic activity in te future will b
consistent with observations in the past.

This provides 6baselined forecasts, wi
attributable to policy factors. The baseline forecasts are adjusted to account for those
factors as appropriate at a lagpe8t

The two stages are discussed in turn below.

A.1l.1  Stage 171 projection of economic activity

There are various methods for projecting economic activity, including input output an
computable general equilibrium modaliimgher approaches. Alddtaomparison of
these approaches is not necessary for present purposes.

The key issue in projecting energy demand using the economic modelling approach |
the economic projection needs to be suitably accurate and granular.

The importance of accuiasghevident. If the projection of economic activity is incorrect
then the forecast energy consumption will also be incorrect.

45 1t should be noted that the labels given to each approach are somewbateagitey.the first three approaches
could be described as econometric approaches and the first two (at least) could be described as economic model
approaches. The labels are meant to simplify discussion and should not be interpreted as value judgements abou
approach or another.

46 The appliance model approach has not been used in recent regulatory proposals though it is widelgdiscussed ani
for other purposes. It is included here for completeness.

47 The economic modelling approach is equally applicable to modelling electricity consumption as gas consumption.

48 Only policy impacts that are applicable to industrial energy users exmantiol dectalat.
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The reason that the economic projection must be granular is that it must capture diffe
in the energy requiremedifferent industries. To illustrate, consider an area where the
economic activity consists (only) of financial services and cement manufacturing. In
such as this an increase in economic activity might be due to growth in either:

% thefinancial secds sectdrin which case growth in energy consumption would be
small

% thecement manufacturing sector, in which case growth in energy consumption wo
substantial

% growthin both sectors, in which case growth in energy consumption would be mod

Itis important that the economic projection is sufficiently granular to capture the differ
energy intensities of different industry sectors. It may also be appropriate to assign
industries to tariff classes, though this depends on the detailed applicatio

A.1l.2  Stage 2171 selecting the output elasticity

When a suitably granular projection of economic activity has been prepared, the next
to select and apply output elasticities of demand for energy.

Conceptually, these are simply coefficients ogsvikightionvert economic activity
(measured in dollars) into energy requirements (measured in joules).

However, in practice, estimating the output elasticity of demand for energy is a challe
anddataintensive process, especially if it is to b¢ altreabsed level.

Conceptually there are two possible sources:
1. estimatebased on data from the region for which forecasts are to be prepared
2. ABARES estimates (or similar), which are produced at a higher level.

A key issue in selecting the algaticity of demand is that it must reflect the reality of th
area for which forecasts are being prepared. Consider the example in the previous s
of the two sector region. The cement manufacturing plant in the region in question m
fired eithr by coal or gas. Obviously if it was fired by coal, the output elasticity of dem:
for gas would be zero (or very low). The reverse is also true. While this is a simple e»
the point is that the fuel that is actually in use must be reflectgpdibgl#sticity of
demand that is chosen.

A.1.3 Pros and cons of the economic modelling approach

The key advantage of the economic modelling approach is that the vast majority of tt
required to implement it can be obtained from public sourcemdttinangc

extremely complex and require a large quantity of input data. That data is broadly in
categories, namely:

1. inpubutput tables
2. elasticities

Most of the data necessary to produce input output tables is readily available from pt
sources s as th&BS This is a significant point in favour of this approach. However, 1
is partly offset by the fact that the necessary elasticities are typically very difficult to o
In practice they are strongly exposed to the judgement afghfirdasgter.

However, in our view there are a number of disadvantages associated with the econc
modelling approach. Several of these relate to the very complex nature of the model:
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The first disadvantage is that developing and maintainingcamedehisrai

substantial task in itself requiring highly specialised knowledge and expertise. Sever:
models are in use in Austfdiawever, it would be a very large and costly task for AEM
to develop and maintain its own economic modellingrdamadality herefore, if AEMO
was to adopt an economic modelling approach it would most likely have to outsource
substantial part of the modelling.

The need to outsource modelling is not, in itself, a reason to avoid the economic moc
approach. Ilfithapproach was the best way to forecast gas consumption, then the nee
outsource should not stand in the way. However, adopting the economic modelling
approach through outsourcing would tend to make the forecasting process substanti
transparégn, whi ch i s contrary to AEMOOGs o0bj
that allows the impact of each driver on consumption to be understood.

As noted above, economic models are complex and represent a substantial amount
intellectual propeFRygr these reasons, forecasts that are prepared using economic moc
are often accompanied by very limited information regarding the forecasting methodc
and inputs. This is in contrast to the first of the principles for best practice forecasting
idenfied in section E.2r®d as such is a negative of this approach. This is especially
significant to the extent that the output elasticities are withheld from scrutiny as these
critical to the projection.

A second consideration of using this apgsaaditited to at the start of the séextion

the implicit assumption that output elasticities, which are derived from historical
relationships, will remain the same for the projection period. Whilst this assumption n
have been valid in the past, sinoghain Australia with rising energy costs, the ways in
which energy is being uaed business drivers for energy effidereulting in

changes to relationships. The changes can occur at various levels:

% intensitpf overall economic activitydagguse per $m of GSP/GDP)
% intensitpf industry sectors (e.g. gas use per unit output in cement manufacturing)

% intensitpf specific activities within sectors (e.g. industrial boiler efficiencies or
household appliance efficiencies).

Increasing gas cogt businesses over the next fevd yeatikes of which have not

been experienced baaee likely to reveal the underlying elasticity of demand for gas
and also the creslasticity of substitute products (such as coal for steam raising in
industrialettings or reverse cycle air conditioning for heating purposes within househc
Forecasts which rely on historical relationships are likedyinoed&gas consumption

as households and businesses make consumption and equipmbasddasions
substantially altered financiataféadeTo account for these changing dynamics the
output elasticities themselves must be projected forward on some basis.

A.2  Econometric approach

The econometric approach attempts to identify the key economic aiel demograp
parameters that drive energy consumption and to establish a statistical relationship b
these parameters and energy consumption.

9 One is operated by Monash Universityds Centre of Pc
consultancies including ACIL Allen.

50 Note that these effects are quite different to the artificial effects reslidyirpfisiomns.
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Indoing this, the forecaster can incorporate their views (or the views of other experts]
future course ofdlealrivers into the forecdsts.economic modelling approach also
does this, though different methods are used.

A.2.1  Overview of the econometric approach
The econometric approach is in four steps (to the baseline forecast stage), namely:

1. collecand proceskd necessary data
2. specifyand estimate models

3. testand validate models

4. producéaseline forecasts

As with the economic modelling approach, the baseline forecasts are then adjusted t
account for policy changes.

The four steps are discussed in turn below.

Data collection and preparation
The econometric approach draws on the following two categ®@ries of data:

1. historicatonsumption data, disaggregated:
a) spatiallyto the level at which forecasts are to be prepared
b) functionally relevant customer typesteasiglential, commercial, industrial,
power generator.

2. Dategpertaining to historical drivers, which must also be disaggregated spatially to
level at which forecasts are to be pr&mesting thdrivers to use is an empirical
guestion thatasldressed at a later stage. Drivers are likely to include:

a) economiactivity
b) population

C) gasprice

d) applianceptake.

Appropriate stepsisbe taken to ensure the veracity of the data to be used. For examy
data should be collected from publishedfeubiseenices where possible.

Some data processing may be required. For exaytpeniécessary to account for
changes in network configuration if spatial forecasts are to be prepared. In other cas
maybe necessary to impute missing data.

Model specification and estimation

When suitable data sources have been identified and the data collected and process
next step is to identify the econometric models that will drive the forecasts.

This is an empirical process of hypothesising the pebatiaesini energy consumption
and its drivemnd testing that relationship using regression techniques. In general terr
regressiomodelsre run with each candidate driver to find the combination of variable:
lags and functional forms that prowidd=est fit to the consumption data.

51 Historical weather data is also required.
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This approach is typically done with data that have been disaggregated functionally.
allows different drivers to be used for different types of customer. For example, it is ¢
to see residential consumptioelsnibcht incorporate popularatommercial models
thatincorporate economic activity.

Regressions would normally be estimated using the ordinary least squares method w
miningesthe sum of squared vertical distances between the observethrbgponses
dataset and the responses predicteddyrédssion equation.

Produce baseline forecasts

The econometric models that have been specified and statistically validated in the pr
steps in the forecasting process will form the basis afi¢heneaggldemand
forecasts.

To generate the baseline forecasts from the calibrated models, it will be necessary tc
forecasts of all the input variables used in the regressions.

The baseline forecasts are later adjusted to account for policy changes.

A.2.2  Pros and cons of econometric approach

The pros and cons of the econometric approach are approximately the reverse of the
economic modelling approach.

The most important input for the econometric approach is a historical time series of ti
quantity to Herecast, in this case gas consumption. The length of the time series reqt
depends on the complexity of the model and other factors, but at (Og@strived or

history would be required in most cases.

Collecting the required data may be easigpifictical challenge for this approach. While
AEMO has access to detailed historical consumption data in Victoria, we understand
much more limited data for other regions. While the necessary data have most likely
collected, we expect they are held by network businesses. It may be impossible for
AEMO to apply the econometric approach without the cooperation of network busine
providing the necessary data.

On the other hand, the econometric approach to forecasting gas amiemption h
advantage that it can be made highly transparent. Modelling can be done using spre:
software such as Microsoft Excel and assumptions can be made explicit. This also m
sensitivity testing relatively straightforward.

Econometric techniqugtes from some of the same disliwghlighted wiglkonomic

models in the previous section in that they rely upon historical relationships. In situati
where these relationships may change due to a steptichance af gas, prices of
substitutproducto r ot her &éshock©é, such model s
consumption until sufficient historical data becomes available under the altered
environment.
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A.3  Survey approach

In many situations a relatively large proportionusegdasyis relatively small number of
customers.

These are often industrial customers with relatively stable consumption profiles and v
detailed knowledgéheififuture plans to expand or contract and, therefore, to increase «
reduce their gas constionp The lumpy nature of this type of consumption makes it
difficult to forecast accurately using any of the methods described above.

Typically, forecasts of gas consumption by customers in this segment are based on &
of the individual custontmrth(existing and proposed). That analysis may be based on
surveys or on monitoring media and other sources for information about expansion o
contraction plans.

Methodologically the forecasting approach is simple. It involves identifying major gas
and prospective gas users, and asking them for their expectations regarding their ga:
consumption in the forecast period. Of course there are challenges with securing res
as well as with the uncertairdygrreliability of the answers that aread@é&ior

prospective users, one needs to determine the likelihood of plans coming to fruition.

The survey approach has been used widely as a supplement to other approaches. It
presented here as more than this. However, in our view it gabepatesdhll

supplement that should not be overlooked. In some cases, such as for very large use
small power statiehg may prove to be the only viable method

A.4  Panel and appliance model approaches

A.4.1  Panel approach

The panel approach to forecastiigonsumption is conceptually similar to the
econometric approach. Both approaches:

% relyon actual historical data concerning gas consumption

% identif\drivers of gas consumption

Y% estimatestatistical relationships between consumption and those drivers

% useprojections of the drivers and estimated relationships to produce forecasts.

Both methods could be used in the form of a single model of consumption by a class
customersr as separate models of customer numbers and average consumption.

The key flerence between the two approaches is in the level of aggregation. The
econometric approach uses data that relate to all customers in a class, for example ¢
residential customeBy contrast, the panel approach uses data that relate to individual
custoners where appropriate.

52 Regardl ess of customersdé willingness to respond to
expectations are correct. This may be because they simply cannot biheureasofws, such as their unwillingness
to offer pessimistic forecasts which might be interpreted and applied to their business for other purposes, such as
potential investors.

53 Note that power stations generally are outside the scope of lihgyrdetbostsed here. AEMO will continue to
forecast gas requirements for power generation as it has done in the past.
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Therefore, a panel model of gas consumption by residential customers might take ac
of the following factors, each of which could change over time:

1. thesize of each household, which could be measured as number of remidents, nul
of room®r house area

2. thetype of each dwelling, for example whether it is detacletacisetor an
apartment

3. theretailer from which each household buys gas
4. theprice each household pays for gas

5. the timing of wheach household connectedisg suppl y (i . e. t
cohort)

6. theincome of each household

7. economacti vity in the househol dbds area

8. temperaturondi ti ons in the househol dds a

Therefore, the panel approach can take account of drivers of consumption that apply
differently to individual houseloddmtrast, the econometric approach; ¢gaafiett it
treats all customers as the same, at least on average.

Appliance model approach

The appliance model approach begins with the variousfapphasitgas is used.
Essentially the approach is to estimate the number of appliances that will be in place
the forecast period and their average gas use. This is usuallyodsebaby

household basends used to assemble a forecast of total gas consumption.

The appliance model approach has the advantage that it allows changes in gas
consumption that might be achieved by changing appliances. Thereforé, ibis often us
estimate the impact of energy efficiency and similar policies. However, it-is a highly d
intensive exercise that would need to be calibrated to a total consumption level befor
would be suitable for the type of forecasting required of AEMO.

A.4.2 Pros and cons of panel and appliance model approaches

The panel approach is a particular form of the econometric approach. The key differe
between the two is the detailed level at which the data must be collected. In our view
very unlikely that AEMDId/be able to assemble a sufficiently detailed dataset (at leas
initially) to condugtamebased approach to modelling gas consumption in any significa
part of the network.

Similarly, the appliance model approach is edateintEnsive, reqguig data
regarding the stock of appliances in use in certain areas, which must be collected by
surveying or similar approaches.

I n our view neither of trhgeiementmppr oac he
forecasting gas consumption at the rertwloole market level.
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Summary of stakeholder feedback

Stakeholder Comment Stakeholders AEMO Comment

Why are forecasts being broughhdause?

Why is AEMO looking to bring this capdloiligeiand why were stakeholdery AGL, Lumo Forecasts are being brougtttise to increase transparendg betier servidbeindustry.

consulted on this decision? Energy AEMO s -berdisahalysis showtbdt engaging a consultancy firm to provide dynamic and

Forecasting industrial gas consumption and maintaining Computable Ge responsive forecasts would incur a greater cost itethettweay bringing modellihguse.

EquilibriugCGE) models is not easily done or caatiijitgquired. There is AEMO considered various options prior to the decision to brindhfareeastsabenefit analys

concern over impact on market fees to participants was undertaken on each option. This analysis indicates that estimatesnoftiet indevelopi
inhouse forecasts is comparable to thod tescurrent approach of outsourcing, but that brin
forecastsinouse would result in additional benefits such as dynamism, increased transp
responsiveness.
Economic assumptions will continue to be outsourced, as they havadiegivinghise to
consistent assumptions across gas and electricity forecasting and reducing the need to :
in this area.

Forecast purposgéwhy is AEMO undertaking this work?

What is the purpose of the forégaatscularly tpeo i nt on A en g DEWS AEMO igequired under the National Gas Lawid@hplete gas forecasts f@dbeStatement

ma k ii whgtdlecisions are AEMO looking to make? Is there evidence th Envetrg ENA | Opportunities (GSODE M @efiasce on thipdrty consultarfits these forecasts creates issue

lacks the information or the ability to gather the information themselves? responding to questipranptlyinvesgating sensitivities &ndding understanding

Ensure that the purpose of the forecasts is clearly stated. In order to overcome these issues, AEMO is seeking to produce transparent modular for
market participants can pick and choose components they are confidémtheimodnse

AEMO has no input on gas market operation, therefore why is AEMOsun| TasGas forecasta/here they believe the AEMO approach is inferior to internally developed foreca|

task? Networks
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Stakeholder Comment Stakeholders AEMO Comment

Is AEMO attempting to get into matters associated with economic regula] Envestra AEMOOG s o hincreasettransparencygamside better information for industry decision
and reference.

networks?
AEMO already publishes forecagtsdgfmand ithe GSOOhis process relates to improving t
forecasts.
ACTIONAEMO to ensure that the purpose and basis for the forecasts areinlé¢lagly stated
methodology paper

How does industry use AEMOG&6s for

There are benefits in having an agreed common, transparent and resped Various Noted and these points will be considered as part of our preferred approach to forecastir

basis for forecasting, giving a better foundation for policy formulation etc

AEMO fea reputation for being independent and reputable. Once forecag
published they will be used for applications for which they were not nece
intended.

AEMO forecasts are often used by networks ashedkasgainst their bottom
forecasts (marker for reconciliation of growth rates).

Forecasts of gaonsumption are used to support decision making on gas
capacity procurement, access arrangements, strategy and pricing and ag
development.

Having information available allows for easier market entry.

Lumo Energy

Transmission busiressgre primarily concerned with the contracted volume
opposedtactual flow and thereforotigreatly rely upon AEMO forecasts. |
current aggregated forecasts provided in the GSOO are adequate.

Jemena
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Stakeholder Comment Stakeholders AEMO Comment
Forecast components, timeliness and bias
Why aréorecasts for Gas Power Generation (GPG) and Liquefied Natura| EUAA AEMO develforecasts of GPG and LNG and these faovélchstpresented ia National Gas
not part of this proceaseinteractions between market sectors not being Forecasting Report (NGE&)ply to meet all demand segments will be mtge{BESOO.he
consider&d approach for forecasting GPG and LNG will be publist@#in mid
Unaccounted for gas (UAFRBYId be includedorecasts. Various ACTIONForecasttoinclude UAFG.
Will industry get a chance to review LNG forecasts prior to finalisation? | APPEA Forecasts of LNG production and associated gas and electricity consumption are being ¢

consultanih 2014These forecastnd assdated assumptions and methodategsieased in the
NEFRnJune 201 4vitrupdated forecasts released in the NGFR (December 2014).

AEMO is currerdlyind-NG project proponentghiamce to gifeedback on forecastsdiscuss
commercial sendijivitheseforecasts.

Any comments on the forecasts released in the NEFR will be considered as part of the U
NGFR.

ACTIONATreport detailing LNG forecasts will be released with the NEFR in June 2014. S
can review these forecasts and provide feedback to AEMO before the update of forecas

LNG forecasts should be provided in quarterly (or everamdatityy due to th
large rate of change in the segment expected over the next few years.

EnergyAustralig

ACTIONAEMO to consider developing and publishing LNG related forecasts on a quarte|
basis during the rangpphase, having constdmrdor any confidentiality concerns.

The GSOO is out of date upon release. Forecasts would preferably be liy EUAA AEMO acknowledges the limitat@mswohual releaddang er m f or ecast s.

dynamic. Ideally a methodology would sugeart auflook updated weekly. objective this year is the development and external validation of its models and forecasts
ACTIONN 2015, AEMAlIconsider releasepefiodicpdates to its mediiemm forecasasmdthe
development and releafsehorterm forecasts for gas.

Are AEMOO6s forecasts | ikely to h|Envestra AEMQs assessed by its Baartheperformance/accuratihe forecasts it releases across ga

focus on supply adequacy? This bias could have significant flow on imp3g

economic regul ati on i fhelistvbladh Enerhyo

electricity
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Stakeholder Comment Stakeholders AEMO Comment
Regulator. The objective of the GSOO is to enable efficient investment decision making.
Tasmania is noteggulated network and therefore potentially did not need t| TasGas Whilst Tasmania is not regulated, it is part of the interconnected network and therefore it
of this process/approach. Networks consider Tasmania in the forecasts.
Aconsumptioangemay be superior to just offering a single forecast trajec| Various In 2014 AEMO intends to produce three scenarios for gas consumption.

Produingan indicative rangihighlight the uncertainty.

ACTIONAEMO to investigate the development of confidence intervals.

Preferred segmentat@rforecasts Residential,0 terajoulgmer annum, tariff \
commercial and indusindllarge industriaata available at an average site g
level with foresta of population (household/business number) available.

Lumo Energy

Segmentation of forecasts will be determined by stakeholder requirements as well as the
underlying data available.

ACTIONSegmentation may depend on data availabditfidetiality concerns. This will be
discussed further at the data sessiga¢e=se4 and.5

The forecast must be presented in such a way as to allow it to be assess
actual current and historical data. (Noting taatBh#eBn Board @B
currently being reviewed, it is sufficient for the NGFR forecasts to be con
against histori¢zBB data on a somewhat aggregated basis).

EnergyAustraliz

AEMO agrees that it is paramount to be able to track forecast performance avithibiance
amount of data requested from participants.

ACTIONAEMO to clearly state how GBB data fits with the NGFR forecasts and how this
used to track forecast performance.

Data input

Several comments were made referencing inpgtidlataents. More specifice
1 What data would AEMO need and would tlziddigomal costliosinesss?

9 Data may be commercially sensitive.

9 What data does AEMO already have access to?

9 Could AEMO complete the work in stages, starting withfnasimthdatein
gas O6capillarieso6?

9 Will AEMO source data from upstream producers?

9 Could a rule change be implemented forcing companies to report to AR
demand is expected to be different to forecast demand?

Various,
includingNA
APAEUAA
Jemena

AEMO is very mindful of the burden of data colleciliomakdvith industry to estatijearace
between confidentiglitgcticaligndneeds.

AEMO will coordinate a separate sgghistekeholdeosaddress:
91 What AEMO alredugaccess to

9 What can be obtained through other agencies

1 What additional data can be obtained fromdsisiness

9 What data gaps exist and how cbthélled

Work done to date indicates that AEMO will likely have to continue to source data from g
per previous years.
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Stakeholder Comment

Stakeholders

AEMO Comment

Note that there are constant correcticentjiestichents to enser accounts and
some data may not be available.

Data would be available for Transmission Network Service Provider conf
along main transmission pipelines. Some investment may be requited fo
hook into network bussisgstemso facilitatautomatic acquisition of data; ma
confidentiality issues with acquiring this data.

It was noted during the workshop that the Standing Council on Energy ai
is looking at issugfsinformation disclosure by energy companies and note
State Governments have wide ranging information gathering powers alre

DEWS

There may be a difference between the data AEMO acquires and udes tordeasiowersus
the level of detail which is published in order to protect confidentiality.

ACTIONAEMO to coordinate a separate session on data.

The data requirements for each of the proposed approaches should be n
for review to assisti@ermining the approach.

ENA

Data requirements to be discussed at the data session with stakeholders.

Demand drivers and assumptions

Forecast should be accompanied by drivers (both upward and downwarg
result in material changes to any central case to assist with forecast long
reputation.

AEMO should focus on the big impact drivers first: e.g. climate ehaigge is
factor, yet is sometimes overrepresented in forecasts.

Assumptions need to be clearly thought through, researched and stated.

Various

Noted and these points will be considered as part of our preferred approach to forecastir

Gas prices are a lkgyut into demand forecasts. How are these assumptio
and can stakeholders have the opportunity to review?

There are a range of prices in play at any ohetmell AEMO deal with this
uncertainty?

Expected large price rises in the matketlate change the market relative t

historic gas consumption patterns. History is not going to be a good guid

Various,
including DEWS
ENA

Assumptiorts gas pricare developed by a consultand¥fontier Economibis year)Fronties
developing three price scenarios for various customers in each region, in order to captu
associated with gas price trajectory.

Price elasticity, in particular customer responses to large increases in price unlike those
is currently being researched by AEMO.
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Stakeholder Comment

Stakeholders

AEMO Comment

A key changing trend in the market iprizesdasticity effects (for example r
cycle air conditioning).

ACTIONAreport detailing the assumed economic outlook including gas price will be releg
NEFR in June 2014. Stakeholders can review and provide feedback to AEMO.

We request that AEMO consult with the public on the methodology used
the gasnicesThis should occur prior to the gas prices being modelled so
is on the methodology rather than the final price outcomes and would id¢
the consultant undertaking the gas price modelling. We believe this cons
importarwithin the NGFR process as gas prices will be pivotal to both ga
electricity demand outturns in the next few years.

Consistency between the underlying gas prices and gas demand foreca
necessary for forecast integrity. We understand #yatshiserfully achieved
due to time limitations within the first NGFR, but should be actioned for f
NGFRs.

EnergyAustralig

ACTIONThe development of gas price forecasts for 2014 has already been completed. T
has agreed to providerested stakeholders with a workshop on the methodology. AEMO
contact in the near term to gauge interest in the workshop and suggest timing. Additiona|
will be published in the Economic Outlook in June 2014. Any feedéticddotogyewiil be
incorporated in the 2014 NGFR (where possible) or in the 2015 process.

AEMO agrees that consistency between the underlying gas prices and gas demand is in|
look at implementing this in future NGFRs.

Equivalent EffectivegBee Day (EDD) factors for other regions aside from
would be useful to some although not all that critical for consumption for
a factor for maximum demand).

Various

AEMO will look at developing EDDs for regions other thanth&0(i& fdGFR.

ACTIONAEMO to consider developing and publishing EDDs for other regions in 2015.

Residential demand is also driven by policy impacts such as building co
to solar hot water systems.

Various includin
DEWS, ENA

AEM@s objective is to identify
forecasts. This may need to ocqustiaodel adjustments

changing

As part of the NEFR work, AEMO is already developing solar and energy efficiency mod
and results from this work will be implemented in the NGFR.

ACTIONAEMO to ensure that policy impacts are considered in forecasts.

All terms and assumptions must be unambiguously defined for fine forec
particular, clarity is required concerpiimgepip/here there are major
suppliers/demands located along the pipeline and not just at end points
pipeline.

EnergyAustralig

ACTIONAEMO to ensure that terms and assumptions are clearly defined in the NGFR.

GAS CONSUMPTION FORECASTING A METHODOLOGY

B-6



ACIL ALLEN

Stakeholder Comment

Stakeholders

AEMO Comment

Comments on the forecasting approach

Forecasting techniques should:

1 Match the purpose of the study: GSOO purpose is to identify constrain
pipelines and production.

1 Be transparent and relatively simple.
1 Be able to be tracked.
1 Rely upon data and assumptions that are made apaifadifzatus.

Various includir
Lumo Energy

Noted and these points will be considered as part of our preferred approach to forecastir

A obust forecasting process must take into account the major demand d
that these vary accordirsggment and/or industry fypachieve this, finer

segmentation of the commercial and industrial market may be required ir
specific cases (for instance, smelting, the automotive ipgestmpeidased o
Australia New Zealand Standard ialdistteANZSIE In addition, this may all
a high level appliance/panel approach to be applied to some cegmentsab
and industridémand.

EnergyAustralig

Noted and these points will be considered as part of our preferretbapraietict. to

Comments relating to the survey approach:

1 EUAA heexperience in surveying its own membership regarding gas u
found it proved diffituftome casés gespecific company energy data due
commercial sensitiv@gmmercial s@nsty of information and ddbesurvey
approach may limit its success.

1 Need to be clear on questions when surveying users.

1 Industrial load closures will results in big changes in the near future. N
engage with business-amene, however serare quite small. For example
part manufacturers that are individually quite small, but that in aggrega
a significant level of demand.

Various includin
the EUAA,
DEWS

AEMO alreatipldoneonone intervimwith large industoastomesfor the NEFR.

AEMO agrees that questions need to be framed appropriately to glean meamiragfd|timéiorn
particular aisk sectors may need to be targeted.
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Stakeholder Comment Stakeholders

AEMO Comment

Various includir
Origin, ENA

Comments relating to the appliance/panel approach:

1 Has the ability to pickchpnges in technology and efficiency of key produ
well as changes in consumer behaviour and policy interactions.

1 Can work at the residential level, however assumptions need to be cleg
and regularly reviewed. In situations where datg ssstemptions are ever
more critical.

1 Targeted application of panel/appliance approach could work, howeve
need to be taken to correctly back out from historical figures.

Noted and these points will be considgrad of our preferred approach to forecasting.

Comments on the econometric approach: Various

1 This approachused extensively throughout industry, and is generally tr
howevepostmodel adjustments can reduce transparency and simplicity,

1 Major maek adjustment occurring at present in relation to price: history,
going to be a good guide.

Noted and these points will be considered as part of our preferred approach to forecastir

Comments on the economic approach: Various
9 Generally very comgled lacks transparency.

9 Forecasting industrial consumption and maintaining CGE models is ng
or capabilisasilyacquired.

9 Can be useful for measuring the impact of a change in a variable as o
specific trajectory

Noted anthese points will be considered as part of our preferred approach to forecasting

Various includin

9 Gas consumption forecasting is a challenging and involved process. N ACIL Allen,
methodology will provide a high quality forecasts. For this patea itnsif Lumo Energy,

faceted approach. EnergyAustralig

Recommended approach:

9 Forecast horizon is important with respect to choice of approach. Long
not be well described by any method which relies on time series
analysis/extrapolation.

9 Combination of econometric, survey and apljaecappropriate

The NEFR incorporates a staged approach, withtteanproye the forecasted and
implemented in subsequent refasitsilar approach will be used for the NGFR.

AEMO will seek to@ippa peer reviewer on the forecast model once complete and take pg
comment s/ advi nt o f o r3 yeans athex q
than every year.

ce i account

ACTIONAEMO to ensure that assumptions are clearly stated.
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Stakeholder Comment

Stakeholders

AEMO Comment

1 Postmodel adjustments are important and are likely to be required, ho
much adjustment can invalidate the primary model and render it usele

1 A staged approach where improvements are implemented each year i
and acceptl.

Next steps

What are the next steps with regards to the methodology development?

Various

AEMO will publish the full methodology byZuldéieMO to set up a workshitgstakeholders
beforgoublkation

ACTIONAEMO to set upethodologyorkshoprith stakeholders.
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ACIL ALLEN

Background i the eastern and south-
eastern Australian gas market

This chapter provides an overview of the eastern-aastsouthustralian gas market,
its structure, and operations. The overview includes the-tedm difilategal contracts
and shoiterm and spot trading markets.

The functions and operatidhe Gas Bulletin Board (GBB) are summarised, and the
proposed definition and treatment of regional bulk supply points is discussed. Furthel
background information is provided on the different categories of gas customer, the I
and operation of gatworks, gas metering, and the tariffs charged by transmission anc
network service providers for providing gas transport and delivery services.

C.1 Overview of the eastern and south-eastern
Australian gas market

C.l1a Market definition

The eastern and seedisterrustralian gas industry is taken to encompass all natural g:
suppliers and users in:

% the Australian Capital Territory

. New South Wales (NSW)

1 Queensland

% South Australia

% Tasmania

% Victoria.

Western Australia and the Northern Territory are not inckastdrim #mel south
eastern Australian gas market.

C.1.2  History

The natural gas market in eastern andastetin Australia began to emerge during the
1960s and 1970s with the construction of transmission pipelines linking major cities t
fields:

14 Brisbaneotthe Roma/Wallumbilla fields in the Surat Basin (1969)

. Melbourne to Gippsland Basin fields (1970)

14 Adelaide to Cooper Basin/Moomba (1970)

14 Sydney to Cooper Basin/Moomba (1975).

These cities already had established distribution systems for retiificiation of a

6t own gasb6, which is manufactured fror
the pipelines were built.

Through the 1980s and 1990s these r em:
although new pipelines were built tp gappo established industrial centres such as
Mount Isa and Gladstone.

From the late 1990s, interconnecting pipelines began to link the separate systems to
forming an interconnected network system’i(W&dtitnterconnector 1998; Lorigford
Sydney 2000; Longfbidobart 2002; lohAdelaide 2004).
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The final O6mi ssing |linkoé joining the (
and New South Wales systems in the south was made with the construction of the Q
pipeline, froBallera to Moomba, which was commissioned in 2008.

The evolution of the eastern andesmiéin Australian gas market was facilitated by
changes in the regulatory environment through the 1990s which saw the removal of |
to interstate trade in gaws, competition policy reforms that provideepttytramtess

to gas transmission and distribution systemdiscrimoimatory terms.

C.1.3 Market operation

Upstream gas exploration and production

Natural gas exploration and production in Ausbraiatésseector activity. Australian
governments are not directly involved in upstream petroleum exploration or productic

Petroleum exploration and production activities, both onshore and offshore, are unde
by Australian and foreign companies.

Midstream

Australia has over 25,000 km of high pressure steel gas transmission pipelines trans
almost 1,300 PJ of gas every year. Under Australian gas law, transmission pipelines
subject to economic regulation because they have naturaha@oogridyics.

However, the major demand hubs in eastern ssabstaratihustralia are now supplied

by competing pipelines. As a result, most gas transmission pipelines in eastern and <
eastern Australia are no longer subject to economic regulation.

Downstream

A total of approximately 81,000 km of distribution pipelines supplies natural gas to m
than 3.9 million households and businesses across easterezmteradutistralia.

These gas distribution networks are owned and operatedliffe sevedatribution
businesses, some of which also have electricity network assets and operate in multig
jurisdictions. Gas distribution systems in Australia are generally subject to economic
regulation.

The size of retail gas markets relativéotalth@arket varies greatly from state to state. In
Victoria and NSW, most gas is sold at a retail level with only small quantities sold at

wholesale level to large industrial consumers and electricity generators. On the other
Queensladdand to a legr extent South Aus#aiiave more large mining, industrial,

and electricity generation customers, and relatively small retail sectors.

Wholesale contract market

Most gas is sold under-teng, bilateral, wholesale contracts between gas producers al
retailers/aggregators or directly to largsegadindustrial facilities such as fertiliser
manufacturers and minerals processing plants, and electricity generators).

Historically, Gas Sales Agreements (GSAs) were-td@tendormngements witlyed
contracts being the norm. More recently there has been a tretet o chwairtzcts of
three to fivgear duration. However, financing of lacg@giaming facilities may still
require security of supply under-eetomGSA.

Detailed terms of &&Sare typically commene@dinfidence. Governments (state and
Federal) typically have no access to contract terms.
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Gas pricing under long-term contracts

Gas prices under lbagn GSAs are determined by commercial negotiation between
parties and reftamarket circumstances. Governments have no role in setting or appro
wholesale gas prices.

For the past 40 years gas prices in Australia have been low by international standard
reflecting regionally isolated markets and the availalmbstadfdowative energy

sources, particularly cheap coal. Nevertheless, prices vary widely from contract to co
reflecting market circumstances at the time the contract is made as well as different 1
allocations, rights, and obligations of the Oisgdiean

Between now and 2020, more than half of the cuteemt@84s in eastern and south
eastern Australia will expire. With the establishment of large LNG export facilities in
Queensland, the availability of gas to enable these contraetsdd ea@ming under
considerable competitive pressure. LNG projects are now entering the market, buyin
volumes of thiparty gas to bolster their own sources. As a result domestic gas buyers
finding that producers are demanding hightrpreagdorgrm supply contréctsp

to LNG netb&dk with prices directly linked to the price of oil. This represents a major ¢
from the pricing mechanisms that were prevalent under older GSAs, which were linke
consumer prices.

Spot and short-term trading markets

Spot markets currently play a |Iimited
understanding is that the spot markets that do exist have limited liquidity, with most g
sales still underpinned by GSAs. However, the impsptararedahderm trading

markets is increasing. The evolving role of spot-temchghemting markets is discussed
further below.

Victorian DWGM and DTS
In Victoria there are two notabieesttrs of the wholesale gas market.

The Declared Wholesahs Market (DWGM) has operated since 1999. Operation of the
DWGM is governed by a set of processes, responsibilities, and obligations in Chapte
the National Gas Rules (NGR).

The area within which the DWGM operates is Eigavercn.

54 That is, the price of liquefied natural gas (LNG) minus the costs of shipping, liquefaction and pipeline transport inc
between tHeNG customer and the gas producer.
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Figure C1 Location of the Victorian Declared Transmission System

Source: ACIL Allen Consulting; base layer from GPInfo.

The Victorian Declared Transmission System (DTS) is the syptessofehiis
transmission pipelines that supports the operation of the DWGM. The pipelines and

associated facilities that form the DTS are Simwa@2.

Figure C2 Victorian gas pipelines

L —  DECLARED TRANSMISSION SYSTEM
Riverland — OTHER TRANSMISSION PIPELINES
Spal m [NJECTION POINT
® COMPRESSION STATION

o Swan Hill

» Springhurst CS

Kimbenn Wangaratta

Horsham

Bendigo

Gas Pipelines
Victoria

Stawell

SEA Gas Pipeline Eastern Gas

Pipeline

Pakenham
Gooding CS

Lurgi
Western & Pipeline

Casino, Minerva, Geographe
and Thylacine Fields Valla Tosmanion Gas Pipeline

Source: (AEMO, 2012)
The major DTS pipelines are:

% Longfortb Melbourne pipeline

% South West Pipeline from lona to Brooklyn (SWP)
% New South Wales Interconnect

% Western Transmission System.
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The DWGM is different to other Australian gas markets in that it operates under what
referred to as an open access, ormaketr i age model , rather
model 0 which dominates gas ma=dsterh oper
Australia.

The market carriage model means that users can access transmission capacity withii
DTS under marketsel arrangements set out in Part 19 of the NGR and administered
AEMO. Unlike other parts of eastern arebsterth Australia, they do not need to have

a gas transportation agreement with the pipeline owner in order to transport gas thro
system.

The DWGM enables competitive, dynamic trading based on injections into and withd
from the transmission system that links multiple producers, major users, and retailers
AEMO as the market operator manages the trading functions of the sd¢anarket and
provides system balancing functions which, in other jurisdictions, are undertaken prir
by transmission and distribution system operators.

The DWGM provides a clearing house in which gas can be bought and stddyon an in
basis with prigeeflecting the shHerm suppigemand balance, while underlying long

term supply contracts insulate major buyers and sellers from price volatility in much t
same way that hedge contracts operate to manage price risk for electricity generator:
reei l ers in the NEM. The DWGM is essent
can sell marginal excess supply or purchase extra gas as required to balance bids ar
offers with actual injections and withdrawals.

Further details of the operattorhoé DWGM ar e set out in a
Whol esal e Gas Mar ket o publ i s (AEMD, 2032) t h e

Short Term Trading Market

The Short Term Trading Market (STTM) is a nitaekeadiing of natural gas at the
wholesale level at defined hubs between pipelines and distribution systems. The ST
currently operates hubs in Sydney, Adelaide, and Brisbane, as sho@mitiatglde C
be noted that t h earkeTAsMnificat partotthe gas thatis o s ¢
supplied in these jurisdictions is not traded through the STTM.

In late March 2014, a new gas supply hub was also established at Wallumbilla in
Queensland. The Wallumbilla Gas Supply Hub is not a paividiuhef&fs an

alternative trading mechanism for STTM patrticipants. The Wallumbilla Gas Supply H
discussed further below.

The STTM is designed as a wholesale market overlaid on existing contractual arrang
for supplying gas from multipleefacdi defined hubs.

The STTM provides a singemtxmarket price for each hub which is applied for a whole
gas day. This price is published approximately 18 hours ahead of time so shippers c:
it to determine their shipping nominations teahefealidity operators.

The STTM includes a pipeline balancing service to supply demand in excess of the
schedule, or to absorb any gas scheduled for delivery that is not required on the day.
service is known as market operator service (MOS).i€achdduled and settled
separately, but the Sydney, Adelaide, and Brisbane STTM hubs all operate under the
rules. At any hub, there can be multiple facilities that deliver gas (such as transmissic
pipelines, storage facilities, and produdtii@s ¥acid multiple distribution systems that
deliver the gas from the hub to consumers.
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Anyone with the necessary agreements and authorities is able to buy and sell gas in
STTM. With the STTM, fAshippernsdodely vg
for delivery to consumers. The same organisation can sell gas into the market and pt
gas from the market, but it does so at the daily market price. It offers gas for sale unc
same terms as any other shipper and buys gas umdenénmsas any other user. If

an organisation has gas that is excess to requirements, it can sell the gas the next d:
the open market. Alternatively, if demand is higher than expected, it can bid to purch
extra gas, when and if it needs to.vEsipgiticipants more choice in purchasing gas
supplies.

Price transparency ensures that the price of gas set daily by the market properly refle
true supplgnddemand situation. In turn, this provides a more reliable price indicator fc
futurénvestment in production, transmission, and distribution infrastructure.

Figure C3 Location of Short Term Trading Market hubs
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Source: ACIL Allen Consulting; base layer from GPInfo.
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Wallumbilla Gas Supply Hub

A voluntary gas supply hub (GSH) at Wallumbilla, near Roma in Queensland, comme
trading operations in March 2014. The Wallumbilla GSH, operated by AEMO, is the r
step in energy market reforms aimed at increasing tyaasgarempetition in east

coast gas markets. The hub is expected to support the efficient trade and movement
between regions, enhance the transparency of gas trading, and set a reference price
S0 participants can manage portfolio risk.

TheGSH provides a centralised trading, settlement and clearing facility through an or
portal, and enables generators, users, producers, and retailers to manage their daily
future gas requirements.

% the 1 TJ contract size allows for trading flexibility
% it provides another trading mechanism for participants already operating in the ST

AEMO offers spot and fordated products for participants to trade at the hub. The spo
transactionsahead@&der @ad widta ¢d rotlabapabledc da | a
parties to adjust their portfolio close#tiimeeatd to manage imbalances within the gas
day.

Pipeline capacity is also offered as a trading opportunity, allowing more efficient use
pipelines, and is designed to create increageditppdo trade gas.

Gas Bulletin Board

The GBB is a website managed by AEMO that provides information about major
interconnected gas processing facilities, gas transmission pipelines, gas storage faci
and demand centres in eastern angbasteh Austral@The GBB covers major gas
transmission pipelines, gas production facilities and underground storage facilities (s
Table C1 andFigure C4).

According to AEMO, the BBB:

delivers a range of Aeam gas market information to increase market transparency. In
March 2014, the Standing Council on Energy and Resources (SCER) directed AEMO to
improve GBB accessibility, coverage, and data quality.

AEMO is redeveloping the GB&sultation with industry, and will deliver a scoping
document to the SCER bydumid 2014. Key milestones include an improved GBB interface
by the end of 2014, implementation of a capacity listing service by early 2015, and any
additional data collmetand publications to be in place by early 2016.

55 Seewww.gasbb.com.au
56 A E M @Gas Statement Of Opportunities OpdateMay 2014, p. 6, available fron
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Table C1 Gas Bulletin Board facilities

Transmission Pipelines Gas Plants Storage Facilities
Carpentaria Pipeline Ballera Gas Plant lona Underground Gas Storage
Eastern Gas Pipeline Berwyndale South LNG Storage Dandenong
Longford to Melbourne Camden CSM Silver Springs

Moomba to Adelaide Pipeline System Dawson Valley

Moomba to Sydney Pipeline System Fairview

NSW-Victoria Interconnect Kenya Gas Plant

Queensland Gas Pipeline Kogan North

Roma - Brisbane Pipeline Lang Lang Gas Plant

SEA Gas Pipeline Longford Gas Plant

South West Pipeline Minerva Gas Plant

South West Queensland Pipeline Moomba Gas Plant

Tasmania Gas Pipeline Orbost Gas Plant

Otway Gas Plant
Peat

Rolleston

Scotia

Spring Gully
Strathblane
Talinga Gas Plant
Taloona
Wungoona
Yellowbank

Source: Gas Bulletin Board

While the GBB coverage includes most major facilities in sastbeastach

Australia, it is not comprehensive. For example, the GBB does not cover the gas pro
facilities at Moranbah, gas demand in the Townsville area, or the North Queensland
Pipeline between Moranbah and Townsville. Nor does it cosM&rioothé d 6 f ac i |
as the Daandine gas plant and power station in southern Queensland, which are alsc
excluded.

The objective of the GBB is to facilitate trade in gas and capacity over the relevant pi
systems by providing system and mfokeation that is readily available to all GBB
users. To that end, the GBB gathers and makes available to the public data on availe
pipeline and production facility capacity, daily capacity nominations, pipeline flows,
production plant system iojesstand gas storage status.

The GBB also supports the function of the National Gas Emergency Response Advis
Committee (NGERAC) and jurisdictions in the event of major gas emergencies.
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Figure C4 Gas Bulletin Board pipeline and production facilities
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Source: ACIL Allen Consulting; base layer from GPInfo.

The GBB recognises 14 demand zones, which are regions where the natural gas loa
delivered by one or more GBB pipelines. Those with two or more pipelines may be re
to as demand hubs. The GBB also recognises seven production zones, vghith are re:
which natural gas is produced from one or more facilities and is injected into one or n
GBB pipelines that transport the gas to other production or demand zones. Those
production zones supplying two or more pipelines may be referred tofasysroductio

The locations of the GBB demand zones and production zones are illustgated in Figu

Table C2 sets out details of the GBB demand zones and production zones, and show
relationship between the GBB demand zones and the demand groups upon which th
GSOO is based.
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Figure C5 Gas Bulletin Board Demand and Production Zones

Source: ACIL Allen Consulting; base layer from GPInfo.

GAS CONSUMPTION FORECASTING A METHODOLOGY C—lo






























