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1. ExecutiveSummary

Following on from ar research intax R 2 Y Yyasti der@andspecific toNew South Walegl) (2),
the Universityof Melbourne Energy Institut@ViEl)have examined the future oflomestic gas
acrosghe entire interconnectedeasternAustralian gas marketOur ley findings are as follows.

Dramatic changes in theasternAustraliangas market are prompting projections of sharp declines
in domestic gas deman®ata from the Australian Energy Market Operator (AEMO) inditatie
gasdemand in eastern Australia peaked in 2012 and has declined Sasedemanavill continue

to decline, possibly falling to half tife peakby 2025 according to a scenario prepared by MEI
(SeeFigure A.
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FigureA: Gas demand in eastern Austiia ¢ actualdemandand scenario®f future demand

Already domestic gas priceseastern Australihave increaseds they become linked toverseas

prices following the start of gas exports to Asia from Gladstone Queensiaddilso because of the
high costs of producing coal seam gassing gas prices and other factors are having a large negative
impact on the use of gas in the electricity generation and industrial sectors.

' The terma R2 Y S$ & (i A @ns gk &oasuméd within eastern Australia and excludes gas exported from
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Furthermore in the buildings sector, gas faces increased compefitomefficient-electrical
appliancesheat pumpsand induction cooktopsRenewableenergyharvestingheat pumps,

usedfor space and water heating, asdisruptive technology especially when applied in Australian
homes anctlimate zones. Rather than burning omeit of gas energy to recover less than one unit
of heat energy(i.e. <100% efficient)heat pumps use electricity to leverage a refrigerant cycle
andrecover up tdfive units of free, renewablambient heatthereby achievingfficiencies

of up to 500% Heat pump space heaters, widely known in Australia as reveyste air conditioners,
have the added advantage of proirid spacecoolingduring summer and other warmweather
periodsand as a result are already in place in millions of Australian homes

Rising gas priceand other factors are driving S O 2 y 2 YaAdéOn (iFhiBAfgasité electricity
asbuilding owners and managers install heat pumps and replace gas stoves with efficient and
controllable induction coclops. Increasing uptake of rooftop solphotovoltaic (PV) systems and
fastevolving electricbattery storage technologiesill further accelerateeconomicfuel-switching.

Economic fuebkwitching resuk in significantenergycost savings for former domestic gas
consumersBased on analysis/tMEI and the Alternative Technology Association, people living in
up to one millionhomes across eastern Austraj@nd most particularly in Victorigan start saving
hundreds of dollars on their heatirll tomorrow if they switch off their gas heatemd turn on

their reversecycle air conditioner.

Spaceheating cost avings of $1,733ear @ savings of 7%) were modeled for a large home

in Canberra an®658 year(63%)for alarge home in MelbourndJnfortunately, householdersare
unaware of theseemarkablylarge and quick savings becauseut-of-date and inaccurate

information. It is possible that in Victoria alone, households could collectively and immediately save
on the order of $250nillion/yearby usingas a spacéieaterthe reversecycle airconditioners they
already have itheir homes

Over the longeterm, thesenew economic drivers mean that mampuseholdswill progressively

replae old gas appliances with neglectric applianceand ®me will see the advantages of iéag

the gas griccompletely.Thisad & S GRfyROG NRA FA Ol (G A2y mayleddkoB ! dzad G NI f A |
GRSEGBIKNI ¢ gKSNB Y2NBE | YR Y,avNdthed drvsit@ivcastd ¢ SI 9SS
costs forthosecustomershat remain connected.

The changigeconomics of gaasein buildingsand industy have important implications

for infrastructure planningThereis now no economic need for any new housesuburbin eastern
Australiato be connected to the gas grid. Governments, housing developers, and homeowners
cannow look for opportunities tocut spending onas infrastructure.
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Complementing economic fuslwitching, he benefits ofbuildingenergy-efficiency measures

arewell knownyet many highly-economicopportunities remainThismeanswe canalsod S E L8t 2 NB
for gas ineasternAustralian attics and lounge roomigy deployingnsulation, draughiproofing,
andimproved windows and window treatments (edyapes, and blinds).

Endinggaswaste in the buildings sectpwhere oftenup to 50% of purchased gasiismediately
dhirown! & I lBecéause of inefficient usevill make availabléarge volumes of gas fitnighervalue
industrial usesThereare also mangconomicfuel-switching and energgfficiency opportunities
available tandustry, aseastern Australi@ntersthis newera of high-price gas.

Endinggaswastewill also extend the depletion of conventional gas reseimesastern Australia

for at least aradditional decade, aflustrated byFigure BLY ! 9ah Q& YSRAdzY aOSy |l NA
approximately 10,000 petajoules of domestasgs consumed by 2032 whereas in the MEI Scenario,

that amount of gas is not used until more than a decade later.
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Similarly to the electricity industry, for dades strategic management of gas in eastern Australia
meant lookingonly at the supply sideather than taking into account opportunities for
gasdemandreduction This report recommends thatsternAustralian governments develop
anlintegrated Resource Rn (IRP}hat considers not just gasupply options but alsmcludesgas
demandmanagement optionsuch asconomic fuekwitching andenergyefficiency measures
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2. FullList ofKeyPoints

The followingis afull list of key pointsthat are detailed in his report

1) According to data from the Australian Energy Market Operator (AEM®amount of gas
consumedin eastern Australia peaked in 2012

2) According to AEMO data aforecasts since 2012 the amount gfas consumedh eastern
Australia has declinegach year anavill continue on a decliningtrendd 9 ah Qad KA 3JIKI YSRA
and low demandcenariosndicate that by2025 gas demand in eastern Australia will have fallen
from the 2012 peak by 15%, 26%, or 3&%pectively AEMO forecasts thatag demanaill
declinein the industrial and electricity generation sectors.

3y 2 A0K GKS NBO23yAGAZ2Yy péviouRcSnOdms gbauygas sRpplY I Y RZ ! 9ah
shortfallsand suggestions of gas infrastructure expansiame beerwithdrawn.

4) For decadeghe easternAustraliangas marketvasl 0 dz& S NJatiere WhsinderS é@njoyed
access to some of the cheapest gas in the developed wddaiever, i recent yearswholesale
and retail gas prices have dramatically increasdthe economics of gas for eastern Australia
have changedandé@ & St f S NIpGw prévaildJTRidichange is driven by the new capability,
commencing in 2014, for LNG to be exported to Asia from Queensland. This has allowed
a R2 Y S adpric€s tobe Imked tavorld-parity gas prices

5) Developing cal seam gaas proven tanot be aseasy norascheapas had been expected. This
has also contributed to rising gas price pressures. The development of other unconventional gas
AY SIFHaldSNYy ! dzadNIfAlF o0akKlFfS 3IF KSHYR daGAIKGE 3l

6) Retail gas prices afacreasing not only because of increasing wholesale gas pricedsout
because ofncreasing gas distribution and retailing costs

7) To date, AEMOhasnot forecastthat the amountof gasused in buildingsvill change muclover
the next 20yearsa 9 L Q& @ fe&wvomikfdel-switkhing inbuildingswill to be asignificant
near and mediunterm phenomenon AEMO have indicated th#teir next version of gas
forecastswill acknowledgduel-switchingfrom gas to electricityn the residential sector

8) In eastern Australia, there are potentially 500,000 to 1,000,000 homes where residents are
unaware that they can immediately start to sawendreds of dollars per yeaon their heating
bill by using theiexistingreversecycle airconditioners(RCACshstead of gasThis economic
fuel-switching frees up gas for industry.

9) Manypeople lackinformation about the cheapest way to heat their homes and water.
Communications hampered by incorreadr insufficientinformation in the commnity
andmarketplace.
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10) The efficiency ofluctedgasspaceheating systems in Australian homes can be as poor as 50%

or less.In somecaseshalf or more of the purchase gasis immediatelywastedandnot used to
effectively warm people in their homes.

11) Cantrasting with the poor performance afuctedgas somenon-ductedRCACachieve
efficienciesof morethan 500% when thegapturemore thanfour units of free renewable heat
from the outside aifor every one unit of electricity appliedhough not eligild for renewable
energy creditsreversecycleair conditionersare very significant harvesters of renewable
energyin eastern Australia, rivalingoftop-solarpanels in theioutput.

12) Somehomeownerscansave hundreds of dollars per year lswitching fromagas hot water
serviceto a heat-pump water heaterHPWH)I t 2 1 & | O -storigehdtSvit&-NH &

batteriest whencharged at nightwhen grid-supplied electricity is cheapr at midday

fak2YSQa az2fFNt+ LIySta 3SySNIGS SEOSasa

St SOGN
13) Installng reversecycleair conditionersheatpump water heates orother gasfree water
heaters,and inductioncooktop I f f Bléctiicc & b tzB G NI f A koyhegiisXr¥ednd (2 0 S
eliminate the gas bill

14) With the wide availabilityf efficient-electrical apghnces there isno longerany economicneed
to connect gas to new Australian homes and suburbs

5Ly S adsSNy ! dza i MddinkihgE Gl afsensegediilidfeastNdAlustraligh
attics and lounge roomsia the deployment oéconomicenergy-efficiency measures

suchasinsulation, draughproofing,improvedwindows and window treatment&e.g.drapes,
andblinds)

16) As a result of AEMO not yet reflecting economic-switching in their gas demand forecasts,
l9ahQa aft2g¢é 3l a rvtdylbweRough ®Dridkendll Peasynaiggssible
outcomes. Theéx a 9 L { (pRegehtdtlin2hés report takes fuslitchingand energy
efficiency measuremto account As a resultin the MEI Senariogas demand in eastern
Australia falls to approxinately half of the 2012 peak over the next ten years.

17) Providing warmer and cheap#p-operate homes can leaih improved home health outcomes
especiallyfor the sick and elderly.

18) Endng gas waste particularly in the buildings sectawijll free up largevolumes of gas for

higher-value industrial usesFor example n twenty years time, approximately 70% of the gas
used in the Largeindustrial sectorouldo S & 2 dZNOSR FNRY 3t a

Gal dSRé A
Commercial, and Smallémdustrial sector.
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19) The lage volumeof gasthat can besavedvia economic fueswitching and energefficiency
measuresn the buildings sectofup to 1,000 petajoulesjvalsthe volumesof gas that might be
producedfrom largegasfield developments

20) There are also many fuslitching and energsfficiencyopportunities available to industry
aseasternAustraliaentersthis new era of higiprice gas.

21) Energyefficiency measureand economic fueswitching in buildings from gas to electricity
canhelp Australia to economicallgecarbonise SA LISOA I f & & St aid SNy
isincreasingly produced with renewable energy.

22) As gas demand declingsall market sectorsS I & (G S Ny rerdainifigyds fedetve’ Etretch
out for more thanan additional decade.

23) As gas pricesse and the preference for lowararbon energy and chemical feedstedahcreases,
the distributed production ofenewable biogasnay become viable industryn eastern
Australiaand a replacement for fossil gas

24) Eastern Australiaeeds an Integrated Reource Plan (IRRhat considershot justgassupply
options, but alsgasdemandmanagement optionsincludingeconomic fuelswitching and
energyefficiency measured o date the focus of the Australian Energy Market Operator has
been on the gas supphbide.

I dza G 1
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3. Background the easterrAustraliangas supply system

As showrby Figure 1(3), gasis supplied teeasternAustraliandemand centres by a pipeline
network connecting Queenslan@LD) New South Wale@NSW)ncluding the Australian Capital
Territory (ACT,) Victoria(VIC) TasmanigTAS)and South AustraligSA) No gas pipelines connect
eastern Australia to Western Australiathe Northern Territory.

South West Queensland Pipeline

KEY
SYDNEY O Major demand centre

Moomba © Processing and/or storage facilities
Demand Group 1(SA)
Demand Group 2 (VIC)

I Demand Group 3 (TAS)

Demand Group 4 (NSW/ACT)
Demand Group 5 (QLD)

(] 100 200 300 400 500
scale in kilometres
© Copyright AEMO, October 2011, All rights reserved.

Figurel: The interconnectedasternAustraliangas market(3).
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LNG exportarenot included inthigs R2 YSaGA O &ld@gé RSYIF YR

Starting in December 20X4), increasing volumes dfjuefied natural gas (LN@je being
exportedfrom Gladstone, Queenslandsillustrated by Figur@. Eventuallyexport gas volumes

WIlSEOSSR (i KS I Y2 dzfiisedanfeasterR Aust@li bylafprodrately three times.
However this report describesonlythe future of S 3 G SNy ! dzA G N> f A aR2YSaidAo

Figure2 f &2 AffdzadNI GSa | OGdzZ € LI &ad aR2YSAGAO 3l atg

forecast of future demand.
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Table 1 shows actual gas consumption figure2@drdin petajoules per yeaiPJ/yr) In 2014,
the greatest use of gas wasthe Largerlndustrial sectorconsuming 42.9% of the total

Table 1: 2014ctualgas use in eastern Australiaby demand sector

GasDemand Sector PJ/lyrin 2014 %
Gas used in the Largérdustrial (LI) sector 292.5 42.9
Gas used for electrigaspowered generation (GPG) 201.5 29.5
Gas used in residential, commercial, amdallerindustrial(RCSI) 171.9 25.2
Losses 16.3 24

Total 682.2 100

2¢KS GSNX GR2YSaGAO0 3 aé¢ NBTSNE rdaloes foSincldde gas et BR - ¢ A (i K
exported.
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4. The rising price of gas eastern Australia

For decades, theasternAustraliand I & Y I NJ S ¢ | & @hsunedzeénpyeaccedst NJ S G
to some of the cheapest gas in the developed wadHdwever, he economis of gasn eagern

Australia have changed.cAa St f SN A& Y I NJhischahgehdLbégen HiMdd Byithe f & @

new capability, commencing in 2014, for LNG to be exportefidia fromGladstone, Queensland.

ThisKk I & | £ f 2 6 S Ré prlicBs2oh8 likéd xo@orld padty gas pricedn recent years,
easternAustralianwholesale andetail gas prices have dramatically increasaad analysts expect
gaspricesto continue to riseover the next ten to twenty year®) (7) (8) (9) (10)(11)(12).

Wholesalegas prices, formerly in the range of $3 to $4 gigrajoule are increasing to as high

as$7to $8 per gigajoulgand possibly higher in Queensla¢iB).

Gas prices will be unaffected by increased domestic gas supply, according to a report published in
February 2015 by thBlew{ 2 dzG K 2 I £ Sa [ S3Aatl GABS [/ 2dzy OAt { St SC
2T DlFa FyR [AljdZAR Qiubithstatdsy bS¢ {2dziK 2+ SaQ

GXAYONBII&aSR R2YSaiGAO adzllxX e 2F 3ALa gAtf yzi
prices,or even in the rate of price increases. This is because the predominant
RNAGSNI 2F R2YSadGAO 3IlFra LINAOSE gAff 0SS GKS A

Alsocontributing to ising gagprice pressuressthat produdng coal seam ggq€SGin eastern

Australig primarily for LNG exporhas proven to benore expensive thanx@ected(14).
CS@roductioncostshave risen fronestimates of$3 to $4 per gigajoule in 20X3)to as high as

$7to $8 pergigajoule m 2015(15). EsstAustralia expressed concerns about the being enough

gas to supply the needs of the new LNG plam¢sthe SantodGLNG project sought access third-

party supply(16). Thedevelopment of other unconventional gas in eastern Austrakaghaleand
GGAIKGE FBEQRSHE SR &,And mBerisSGKISYWEG SR G2 O2ad al G ¢
gigajoule (17).

Another factor cited as contribaty 3 G2 NA&AYy3I 3l a LINAOSA Aa aiKS f
R2YSaidA0O IF1I8jvhichyshdzubigdtféaimquiry by the Australian Competition and
Consumer Commission (ACCID).

Wholesale gasosts represent only 20 to 25% of total retail gas prices in most eagastralian
jurisdictions(20). In Victoria, arrent residential gas prices (energyit costs oity, excluding fixed
costs) camange from$16 to $22 / gigajoule (including GSTgt&l gas pricesanrise not only
because of rising wholesale gas prices, but also beaafusereasing gas distributiof21)and
retailing costsln 2014, he Consumettilities Adrocacy CentréVictoria)reported that retail gas
prices ha increased 66%ince 200&ndwould increase another 24% in the next y¢é22).
RecentlyANZ reported that gas costs for an average Melbourne household could nis&ir@00
per year(in 2014) to $1,60(@er yearby 2020(13).
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In late 2014 the Grattan Institute reporéd that the average household gas bill in Sydneygwilld A y G K S
Y SEG T Snise by $100¥&r &r that in Melbourne lis mightgo up by $320 to $435 peyear

(8).

5. Gasdemandpeaked in 2012 andill continue todecline

According to data from the Australian Enelggirket Operator (AEMQ}p), the amount of gas
consumed in eastern Australfpeaked in 2012t 713 PJ/yr(See Figur8 and alsg(23).)

I O02NRAY 3 (2 | Gamlar@2Dyedrd@dastéNik: @foyini of gas consumed

in eastern Australia hadeclined each year since 2D and will continue on a declining trend.

I 9 a hhi@ld medium, andow demand scenarios indicate that by 2025 gas demand in eastern
Australia will have fallen from the 2012 peak by 15%, 26%, or 38% respectively.

l9ahQa Y2aid NBOSyil farmake®ySrom fgrétasBublisiedby AEWA@ RA T

five years agoAs shown on Figure 12010S+ OK 2F ! 9ahQa GKAIKEéZI aGaYSRAdZ
pointed to rapidly rising gas demai2i). It is apparentthat 9 a h Q& H n M scénarids RS Y I

failed to bracket all reasonablyossible future outcomesSimilar shortcomings have been

documented regardingg 9 a helctricity demand forecast®5).
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Figure3: Gas demand in eastern Australieactualdemand and scenario®f future demand.

® This report covers only the gas used within eastern Austnatiichis] Y2 6y | & G RPhis@podt A O I+ a¢
excludesanalysis of gas used faNG exports.
* Each year, AEMO provides a&gar outlook for gas deand.
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AEMO brekd R 2 Y Qagidén@nd forecasts into the following four parts:

e gas used for electric power generation (GPG)

e gas used in the Largémndustrial (LIsector

e gas used in th®esidentiglCommercial, an&mallerindustrid sectors(RCSI)
e gas lost from the gas transmission and distribution systems

AEMO forecast that less gas will be utmdgenerating electricity e Sectiory) andin the Larger
Industrial (L1) sector ég Sectior8). Howeverin the buildings sctor, AEMO does nojet forecast
that much changavill occurover thenext20years Interestingly AEMOrecentlyindicatedthat their
next version of gas forecasts will, for the first time, include acknowledgement of the practice of
GSO2Yy 2 BWIOM FaeSt FNB Y 3 in the biiRlingS $e&ab).FeeOSedtién 9.)

The MEI Scenaripwhere gas demandeclines more steeplythdan9 a h Q& af 26¢ F2NB Ol ad

a 9L Qa thauekswitéhiag in buildings has the potenti@ become a significantear and

mediumterm phenomenon(see Sectiors 9 and10). BecauseAEMOdo not yet reflect fuel-switching

in their forecasts! 9 a hdQwE gasdemand scenario may not be low enough to bracket all
reasonablypossible outcomes. Thiea SRSy | NA 2 ¢ LINBa Sy (i S RswickiinginkbA & NB LJ:
account.

Inthe MEIScenario(seeFigure 3 abovand Sectior®), as a result ofuel-switching in buildings
anddeclininggasdemand inother sectors, demand for gas in eastern Australia fallagproximately
half of the 2012 pealkover thenext ten yearsLater sections of this report discussme ofthe
consequences of rapidfjeclininggas demand.

6. Declining gas demand dampens calls for new infrastructure

AEMO, in their 2013 Gas StatemenQyportunities(27), highlighted gas supply concerns for

winter days in New South Wales starting in 20d8wever, in their 2014 Gas Statemerit

Opportunities(28), AEMdeclared there were no Iager supply concerns for NSW or for anywhere

in eastern Australia through until 2034. Contributing to this change Wa®aR dzOG A2y AY ! 9ah Q
demand forecasts, including a 17% reduction in forecast gas demahtbidt specificallyi’he view

that no new suply infrastructure was required in eastern Australia was foreshadowedssarch

done by theUniversity of Melbourne Energy Institu#).
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7. Less gas to be used for electrigigneration

Over thenext five yearsaccordirg to AEMO forecastshe amount of gas usefr electrial power
generation (GPGyill dramaticallydeciine (5). (See Figre 4.) Thisoccursbecause of risingas prices,
the lack of a carbon pricand the expansion of renewébelectricity generation (windnd solar).
Also,the failure of electricity demand to grow at an historical pace has ledstarplus ofexisting
coakHired electricity generation capacity eastern Australia against which gasnotcompete

In the nearterm, significant volumes oflo®2 &G & [ bD NI YLJ 3+ aé¢ FNB o6SAy3
generation(29). However vith the last of the six LNG production facilities in Queenslasating
start-up, low-cost LNG ramp gasbeing removed fromthat market(30).

s MEI TAS GP( s MEI VIC GPC s MEI NSA GPG
300 s ME| SA GP( e MEI QLD GP( = == 2014 AEMO High GP~
= e= 2014 AEMO Med GPle= == 2014 AEMO Low GP
250
. 200 I 2014 AEMO forecasts R —
s I dashed lines.
> | N L e D e e e
3
2 150
Rl
8
()
o
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N 2 u o % o 0 \x o % o
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Figure4: Gasusedfor electrical power generation (GPGhactual and forecasts

S6bfé NBFSNE (2 bSe {2dziK 2+f84 FyR GKS ! dAGNIEALY /|1
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As shown on Figure 4,9 a hfddegastsfor the electricitygeneration sectoshowgas demand
rebounding inaround 2020 on the expectation that coal plants will be retired andgasered
generatorswill beused to take their plac).Ly O2y i NI} ad ( 2heMBIS&en®®iéda T2 NBOI a
projectsthe continuous deline of gasdemandin this sectotbecause the following factorgrevent
gas from returning tahis sectorin any significant way:
¢ high gas pricepersist
e renewable energynd energy storagpenetration increase’s
¢ the implementation ofelectricity demandmanagement practices

As showrby Figure 5output from! 9 a heldiricity GnerationExpansionPlan (31)is consistent
with the MEI Scenariavherevery little gas will be used for electricity generatiodHowever AEMO
appl subsequent market modelg methods to arrive at the forecasts presented in Figufe2l

250

200 - e

150 -+

Electrical energy generated (TWh/yr)

. S N . S R AR SN SN
S G A I A A

O A
Australian Financial Years

® Black coal Brown coal Hydro ®Natural gas ®Liquid fuel Wind ®New OCGT ®Solar

Figure5: Gaswill be usedsparinglyfor electridty generation,
accordingto the AEMOGenerationExpansiorPlan(31).

® A recently announced policy of the Australian Labor Party would increase the use of renewable energy in
electricity generation from 14% in 2014 to 50% in 2030. The Australimer@ment has not announced a

GF NBSG T2 NJGanerationdExparsianhPlaa targets 41,000 GWh of electricity derived byslzatge
renewables in 2020.

" In the Australian Financial Year 2620 (for example), Figure 5 shows just 0.34 TWh/yr oftedity which

would have been generated by burning only ~ 3 PJ/yr of gas.
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8. Gas demad decliresin the LargerIndustrial sector

AEMO forecasts that gaemandin the Largerindustrial sectotwill declinebecause of industrial
closures and less favourable economic conditions, including increasing gagpyxices

z

¢KS a9L {OSyIFINAR2 | R2LJia In%igure@@as demandiatheflarges OF a i3> |
Industrial sector (LI) declines by 40% from 2014 to 2030 (an average of over 3%/yr).

-— == e
e e e e -,

2014 AEMO forecasts
dashed lines.

s MEITAS L

s MEI SA LI

s ME| N&A LI

s MEIVIC LI
s MEI QLD L
== = 2014 AEMO High

| MEI Scenarieshaded areasThe MEI
Scenario andhe 2014 AEMOLow" forecast
are the same for the Larger Industrial sector.
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|_\
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Figure6: Gas used in the Largéndustrial (LI)sector.

EasternAustralian industries burn for procedgeating approximately 93% of the gas they purchase.
Chemicalfeedstocls are often cited as a critical market for gadoweveronly about 20PJ/y?

of reticulated ga¥ (~ 3% of all reticulated gas used in eastern Ausiyslrequiredas chemical
feedstock.

o
(0p

!1 9ah RSTANPRAZAGNEBNE | &4 O2y&adzYSNE 2F Y2NB GKEyYy wmn
o (7)and other information sources.

1% Reticulated gas is pnarily composed of the molecule methanseparate gaseous hydrocarbon product
composed primarily of the molecule ethane is used as chemical feedstédioira, Victoria,

and BotanyBay,NSW. However, given that ethane is generally more highly valuedttte morecommon

methane, ethane is not generally used as fuel. Ethatieeiefore not included in the figures above
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In the MEI Scenariof iR dz& shak#ofpas demand grows

In the MEIScenario, the fraction oéll gasconsumedn eastern Australia that issedin the Larger

Industrial (LI) sectancreases from 449 2015 t058%in 203Q This indicates a movement of gas

use away from sectors where economic substitutesraealily and economicallgvailable(gasused

for electricity generation and in buildings) atalvard sectors where economic substitutes are less
availableand gasis more highlyvalued As will be showin Sectionl2, in twentyyears time,

approximately 70% of the gas used in ttargerindustrial sectoOl 'y ©6S &2 dZNOSR FNRY 3
in the Residential, Commercial, aBdnallerindustrialsector.

Thiscontrasi ¢6AGK ! 9ahQa wnmn daf26¢é RSYIl yRhet@gdB Ol a4 ¢
Industrial sectofallsfrom 44% in 2015 to 39% in 2030 as gas is preferentiatigumedn lower
valueapplicationsi dzOK & T2 NJ KSI G Ay 3 0 dzkat tRid\oyitébene i$ wiliRelys I G S NIp

Fuelswitchingpotentialin manufacturing

In manufacturing, fossil gas is ustdprovide process heat at various temperature levels.

Asthe price of gas risespWer-temperature process heat can be economically providednsrgy
sources other than fossil gda those process applicationshere fossil gas is used to provide higher
temperature heat(e.g. greater thar1300°GQ, it ismore challenging to find economic alternatives
to gas In a draft study for the Australian Remable Energy Agency (ARENA), IT Powentified

the amount of gasderived energy used at various temperature levels and potential renewable
energy alternative$33). (SeeTable2.) Electricitybasedtechnologies (e.g. heat pyps, electric
induction heatinggelectricresistive heating, electriarc heating) can be powered by renewable or
non-renewable energy sources asdme of these technologies can bsed to achieve high process
temperatures.However, a a result of increasingas priceand the lack of a price on carbon
industrial fuetswitching from gas teoalmayalso occu(7).

Table2: Process heat supplied by fossil gas in manufacturing and renewable energy alternatives

Less | 250°C to| Greater

Process heat levalsed in manufacturing than 1300°C | than
250°C 1300°C
Share of total procedseat requirement(33) 9% 45% 47%

Applicable renewable energy technologies for process heat generation

Electricheat pumpg air source yes

Electric heat pumjg ground source (geothermal) yes

Geothermal direct yes

Biomass combustion yes yes

Biogas combustion yes yes yes

Solar thermat direct yes yes yes
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Energyefficiencygas-savinggn manufacturing

ClimatéNorks described typicdlistorical Australianndustrial energyefficiency improvementghat
reduce energy demand [&26/yr(34). Energy efficiency improvements that ordercould reduce gas
demand inthe manufacturing sector by approximately 10% by 20Rapidlyrising gas prices
couldincrease thauptake ofenergyefficiency measureabove the pace historically experienced

in the manufacturing sector.

In its 2013 work for the Industrial EnerB¥ficiency Data Analysis (IEEDA) project commissioned

by the Australian and state governments through the National Strategy on Energy Effjciency
ClimateWorkg35)summarised potential energy savinggeraging 11%hat were identified by the
manufacturing industry across AustralEsshown in Tabl&. Of the energy efficiency opportunities
identified byindustry, some will have been implemented already (many with a payback period of less
than twoyears), implementation may bender way forothers, but some were classified as not being
economically attractive at the time. The onset of rising gas priGsmean that the economics

of gassaving projects has improved gt more projects camow proceed

Table3: Potential enegy savings in manufacturing

Manufacturing subsector Potential energy saving&35)
(% of total energy used)

Chemicals and energy manufacturing 16 %

Other manufacturing, construction and servict 14 %

Metals manufacturing 7%

Average across all industries 11%

Various case studies describing heatergysaving opportunities in Australian industry have been
documented(36).
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9. The MEI &narioincludesdecliningdemand forgas in buildings

Thisandthe followingtwo report sectiors explore the concept that gas usedaasternAustralian
buildingshas begun a lonrterm decling leading to a future where very little gas is used in buildings
andlight industry andather is predominantlgonsuned byhighervaluelargerindustrial

applications

Figure 7 shows thatie greatest part of demand in thesidential, commercial, angimaller
industrial sector RCSH) sector is for residential gas usecarding to AEM@6), gas used in the

RCSsectorpeaked in 2012 and by 2014 had declined bylBigure 7alsé@a K2 ga ! 9ah Qa KA IKZ

medium, and low forecast®r the RCSI sector (dashed lindd)like! 9 ah Qad F2NB Ol ada 27
demandin the electridgty generation and_argerlndustiial sectos, the dashed lines indicate that
AEMO aranot yet forecasting any significagas demandlecline inthe RCSsector.

l9ahQa FT2NBOlaidta F2NJ GKS w/ {L aSOG2NJ 0RIaKSR f Ay

(shaded areas in Figure 7) inialn significaneconomicfuel-switching from gas telectric
appliances occurs.
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Figure 7: Gas used in the residential, commercial, antallerindustrial (RC§ sector.
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In the MEI Scenaridy 2025gas demand in ta RCSector declineby 40%rom the 2012 peak
Thisis a deline of75t Wk & NX» / 2 Y LJ NBrRedignk ( R 2 NE® | Bdiah §KS a9l
consumes- 1,000 petajouleslessgasin this sectorover the period2015 to 203Qwhich is a
accruedvolume of gas equivalent @ large gas fieldSee Sectioril6.)

As mentioned above, the greatest part of demand in the RCSI sector is resigaatiamand
andthisisshown for each state inigure 8 Actual residential gas demand in eastern Australia
isshown forthe years 2010 to 2014.

Asshown n Figure 8 and Table ih, 2014Victorian esidential gas deman@6.3PJ/y) wasgreater
than residential gas demand in afithe other eastern Australigtates combined. This because

of £ A O ( gréalerd pepalation (compared with Tasmania and Sctralia), moresoutherly
latitude (compared® Queensland and New South Walesus&alian Capital Territojyand historical
availability sinceghe S NI @ M T n Q a-cost §as Kb tthe dffahgré Bassraif oRasd gas
fields(37).

Residential gas demand in New South Wales (including the ACT) follows Victoria, at 20.6%
of the total. Residential gas demand in Queensl§d@d%) and Tasmania (0.5%%mall
comparedwith the othereasternAustralianstates/territory.

Declining residential gas demand in South Australia has recently been forecast by CoréI)ergy
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Figure 8: Residential gas demand (actuals since 2010 and MEI Scémag@l5to 2030 (MEI)
Note, no AEMOforecastsof residential gas demand aravailablefor comparison
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As shown in the following tablessidential gas demand can be broken dawo four services:

spaceheating water-heating cooking, and otheiTable 4 highlights that of all gas ds@ eastern
Australianresidences in 2014, more than héb.4PJ/y) was usedust for Victorianspaceheating
Thenext greatest usevas for Victoriarwater-heating(16.9 PJ/yj.

Table 4: Breakdown o2014residential gas demand (petajouldsyear) (MH)

State/territory Spaceheating | Water-heating| Cooking Other Total
(PJlyr) (PJlyr) (PJlyr) (PJlyr) (PJlyr)
Queensland 0.1 1.7 0.5 0.5 2.8
NSW / ACT 7.8 9.3 2.3 1.2 20.6
Victoria 55.4 16.9 3.3 0.7 76.3
Tasmania 0.3 0.1 <0.1 0.1 0.5
Souh Australia 2.4 3.5 1.0 0.3 7.2
Total 66.0 315 7.1 2.8 107.4

Table 5shows gas demandor each service as a percentagfethe statetotal residential gas
demand In 2014the greatest use of gas in Victorian and Tasmanian homes sp&meheating.
Onthe other hand, iMQueensland, NevBouth Wales / ACT, and South Australia, gas usewtdfiar-
heatingis more dominant.

Table 5:2014 s demandor four residential servicesas a% of statetotal residential gas demandMVEI)

State/territory Smceheating | Water-heating | Cooking Other Total

Queensland 4% 61% 18% 18% 100%
NSW / ACT 38% 45% 11% 6% 100%
Victoria 73% 22% 4% 1% 100%
Tasmania 60% 20% ~0% 20% 100%
South Australia 33% 49% 14% 4% 100%

Figure8 illustratesthat by 2025 irthe MEI Scenarigesidential gasiemandhasfallento half of the
2012 peakAs described in the following sectionstbis report, the followingdrivers ofgas demand
in buildingsare included irthe MEIScenario:

e economic fuelswitchingfrom gas toefficient-electrical appliances
e economicenergyefficiency measures
e other consumer price and behavimal responses
e warmer winters.
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10. Economicfuelswitchingin the residential sector

This section describes how, éastern Australia, therare potentially 500,000 to 1,000,000 homes
where residents arenaware that they caimmediately start tcsave hundreds of dollars per year
on their spaceheating bill To do this, they need timrn on their existing reverseycle air
conditioner(RCACheat pumps?and turn off theirgas.

This section also describes hdengerterm, an increasing numbesf householders will
economically invest imore RCACs and othefficient-electrial appliances that allow them
to significantly reduce atotally elimnate their gas bill.

As described below, because of rising gas prices, falling electricity mergyonly component)
especially fohomes with access twoftop-solarPV, and the emergence of higdificient-electrical
appliancesthe time is not faraway when very little gas will be used in Australian homes and
commercial buildings.

Economic fuelswitchingin the buildingssectorwill free upsignificant amounts afas foruse
by industry.

What is economic fuedwitching?

Ly (GKAa&a NBdfigRlsR (0O&KA¥HEZYA A GKS O2y OSLEingg KSNB 3l a
electrical appliancefor their spaceheating water-heating cooking, and possibly other heating
needs.

Residentialdel-switchingfrom gas torenewablesbasedelectricity, in concert vith energyefficiency
measureqsee Sectioil), was proposedy BeyondZero Emissionis 2013as a way

for homeownersand commercial building managersreduce greenhouse gas emissions and move
to 100% renewable enerd®9). In 2014, ClimateWorks likewise suggested-awitchingfrom gas

to renewablesbased electricity was key to a dedpcarbonisation scenari34).

12 Refrigerators and most hoenair conditioners are heat pumps that use a refrigeration cycle to move heat

GdzLIKAt e Ay | aSyaSszs FNRY | gcleRir condibhetl (REAC, kio#n | & I NI S
AAYLIX & a F aKSIFG LidzYL¥ Ay ¢ an&hifthgakfiom ingfdRof 2 SIRINGIS | &0 A &
outside (usually in summer) and from outside of a building to inside (usually in winter). Heat pumps for

residential spac&k S G Ay 3 KI @S 6SSy az2ftfR Ay GKS !'yAGSR {GFrdSa a&aa
order of two million per year.

An RCAC operating in heating mode is essentially recovering free renewable ambient heat (a form of solar

energy) from the air outside of the building, raising the temperature of that heat, and shifting it to inside the

building. In so doing, RCACs, with efficiencies of over 500% fafithye-line models, are far more efficient

and have lower operating costs than simple eleetésistive heating devices (fan heaters, oil column heaters,

panel heaters, etc.) that achieve eitincies of only 100%, and also have superior efficiency tfirgas

heaters that are limited to efficiencies of less than 90% and perhaps as low as 50% or less.

Heatpump water heaters (essentially RCACs that heat water) are eligible for renewablg eredds in

Australia. RCAC spaheaters are eligible for renewable energy credits in the UK but not in Australia.
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In 2014, the Grattan Institute found th&illowing an increase in wholesale gages

of $5 per gigajoule typical Melbourne, Sydney, and Adelaide homes can save $1,024, $628,
and$517respectively on theombinedrunningcosts ofspaceheating, waterheating andcooking
if they switch from gas to efficiertlectric appliance€B). (See Tablé.)

Table6: Running costs for spaeeeating, waterheating, and cooking areekswith electricity (8)

Capital City | Melbourne | Sydney | Adelaide
Gas $lyear $1,606 $942 $1,071
Electricity $lyear $582 $314 $554
Savings with electricity $lyear $1,024 $628 $517

In 2014 the Alternative Technology AssociatiohilA)(20), funded by the Consumer Advocacy Panel,
conducted adetailed regbn-by-region and appliancey-appliance analysislentifyingthe economic
benefits of haiseholderswitching from gas toefficient-electrical appliancefor space heating,
water-heating and cookingCovering all of eastern Australia, the ATA publishedltes

for 156region/zone and dwellingype combinations.

Householders can start saving immediately by heating with their air conditioner

Table 7 shows gasersuis-RCAGpaceheatingcost comparisons fgustfive2 ¥ G0 KS | ¢! Qa
regions anchome-types ineastern AustraliaThe largest savings identified apply to a large house in
Canberra ($1,73Ber year) Alarge home in Melbourne might sa$658 peryear.In every case,
heating with arRCAC involved lower running costsndnregion or home type wagas heating found
to be thecheapest option.

Table7: GasversusRCAC spaeleeatingrunning costs derived from analysis donéy the ATA20). (MEI)

Location Home Gasspace RCAGpace Heating % savings
Type heating costs heating costs | cost savingg with RCAC

(energy only, (energy only, with RCAC

excludes fixed excludes fixed supply

supgdy charge}y charges)

($lyear) ($lyear) ($lyear) (%)

Canberra, ACT| large $2,255 $522 $1,733 77%
Melbourne, VIC| large $1,049 $391 $658 63%
Orange, NSW | medium $1,370 $949 $421 31%
South NSW small $599 $415 $184 31%
Adelaide, SA small $180 $124 $56 31%
This table lists only five of the 156 region/zone and dwellinme combinations examined hijie ATA.

Melbourne Energy Institute 24
McCoy Building, School of Earth Sciences, University of Melbourne, Victoria 3010, Australia
T: +61 3 8344 3519 F: +61 3 8344 776hdtinfo@unimelb.edu.au W: www.energy.unimelb.edu.au



byj I %& MELBOURNE
ENERGY INSTITUTE

MELBOURNE

With respect to curent spaceheating practicein eastern AustraliaMEI have identified

that there maybe between 500,00@nd 1,000,000 homes (particularly in Victoria) where RCACs
have already beemstalled but the householder is not aware that using the RCAC in winter
canbethe cheapest way to heat their home (i.e. instead of using their gas heating)

Werethe householder to be informed of the possibility of savings, hefsinght opt to switch off
their gas heating, switch on their RCAC, atagit saving moneymmediatdy.

Although Sadkr reports signs that fuedwitching for spacéieating is possibly already underway

iNnNSW andhe ACT30FE T2 NJ Yl yé K2dzaSK2f RSNA Ay +*AOG2NAI X
Thisis becausegasheatinghastraditionally beenseen aghe cheaper optionn Victoria

Asdescribed by the AT&0), homeowners lack the knowledge thide economics of spaeeeating

have changedGasappliance marketing can often mislead consumd@heATA recommends

that it isnecessaryo:

a trengthen the regulatory oversight of the marketing of gas
ascheaperandY2 NB STFFAOASY (G GKIFIyYy St SOGNROAGE dE

The amount of money that a householder can save is a function of the size of the home,

their regional ciinate, andthe gasand electricity price$§ that prevail in each region/zone.

TheATAmade assumptions about the efficiency of gas and RCAC heating systems which will vary

from hometo- home, ads described irthe following sections of this reporn the alzii K 2 NQ & LIS NE& 2y
in-home experience, heating costs were redutsd’0% vhen recentlypurchased RCACs were used

instead of a 2¢/earold ductedgas heating syster{87)(40).**

Across eastern Austlia, the amount of money that householders can save by using RCACs
for heating instead of gas may be very large. For example, were 500,000 Victorian households
ableto save $500 per year, this adds up to a savings of $250 million dollars per year.

The folowing report sectionslescribe in more detail hothese new spacheating economics
havecome about because pf
e rising gas prices,
o falling electricity priceg¢energyonly costs, excluding fixed supply changespecially
for householders with access tooftop-solarPV
e the emergence of efficient RCACs,
e therecognition ofthe poor performance of, in particular, ductegas heating.

¥ In these comparisons, it is appropriate to use enewgly prices, excluding fixed supply charges.

14 As discussed later in this repoheatingcost savings achieved by using an RCAC instead of gas will depend
on the effectiveness of the gas artkctrical appliancebeing compared in delivering heat where it is

needed, the electricity and gas prices that consumers are able to negatititeheir suppliers, and well as
comfort andconvenience preferences.
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Residential gas and electricity prices are converging

The Victorian Government organisation Sustainability Victoriaqf/¥ Victorians a comparison
of gasversuselectricheating running costét1). In their comparison calculationSV ussonly
asingleelectricity priceof $0.277/kWh to cover all parts of Victoria and all retail offers.
Unfortunately this is an unreasonably high price to select for sgreezgting comparisons. For
example currentavailable offers includeff-peakelectricity (energyonly, excluding fixed supply
charges) 0$0.10/kWh(incl. GST), shouldgeriod prices as lowas $0.14kWh (incl. GST), and flat
tariff rates as low as $0.1kWh.

The gas price of $16.6/gigajoule used hgtSinabilityVictoriaaligns with current residential gas
prices(energyonly component). This pricgonverts to $0.06/kWh which is not farsie than the off
peak price foelectricity andis about the same a®centtariffs paid torooftop-solarPV owners for
electricity exported to the grid® The significance of this comparisontiat formerly electricity was
viewed asan expensive form of eergy while gas waseen agsheap. In reality, todathe energyonly
component ofgas and electricity pricds converging.

Even with such a high electricity priceis&inabilityVictoriaQ 8  N&ilksbafv R@ACs twe the
lowest cost option imostcases. SV and other consurAeformation-oriented organisations need
to offer more sophisticated comparison taahat allowusers to vary inputs such as energy prices
and device efficiencies.

> A rooftop solar PV feeh tariff of $0.062/kWh applies in Victoria as at 1 January 2015.
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Rampant penetration of RCACs, for spameling and heating

Alreadynearly3.9 millioneasterrAustralianhomes(approximatelyhalf of all homes)

haveat leastone RCACThis is amcrea® 0f30% from 3.0 million in 2002014 ABS survey
data(42)). Figure9 shows that RCAC petnation is greatest in South Australia at nearly 60%
andranges fronb3to 47% in Queensland, New South Wales, Tasn&rdad the ACT.

As shown in Figure R CAC penetration is lowest in Victosidh only 38%o0f homes having
at leastone RCAC2). However, penetrationof RCACs in Victorieas increased from

just 29%in 2008 andis expected to continue to increase, possibly reaching leselgar

to those presentlyseenin the othereasternAustralianstates

70%
60% -

50% -
40% -
30% -
20% -
10% -
0% - . . . . .
SA QLD ACT VIC

NSW TAS

RCAC Penetration (%

Figure 9: % okasternAustralianhomes with at least one RCAQ014(42).

®For many years in Tasmania, RCACs have been widely used foehepting. This is becae®f thehistorical
availability ofhydroelectricity and the nomvailability of gas.
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Relating toresidentialspaceheating the relevant questiosare:

¢ In howmany ofthesealreadyRCA&quipped homeslo residentause ther existingRCACS)
for spaceheating?

e In homes whergto date, gas has been usddr spaceheating instead of aexisting RCAC
how rapidlymight ahouseholderswitch if theylearnedthat their RCAC was thesheaper
option?

ABS statisticdo not address tlosequestonsdirectly. However,Figurel0 shows lhat electricity
(RCA@nd resistive) ithe preferred method ofpaceheating versusgas’, in Queensland,
Tasmania, South Australia, aNew South Wales. In the ACthe use of gas anélectricity forspace
heatingis evenly split, whereas Victoria stands alone with gas b@éaglythe preferred method
of spaceheating

100%

90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% - IE
0% - . . . . .
QLD TAS S

A NSW  ACT VIC

Figure 10: Of homes using gas or electrictymain energy source fapaceheating, %that useelectricity
(2014 dataexcludingwood, LPG, andther heating methods) (MEI)

Inthe MEI Scenaria= A O (i 8ighificeniseof gas forspaceheatingis displacel by electricity
asthe following occurs

e Victorians learn that RCA@e, inmanycasessignificantly cheaper to operate than gas
heating
e more RCACs are deployed in Victdoiaboth cooling and heating purposes

The following sections descrilbee common circumstances wheheating with RCACs
is significantlycheaper than using gas.

" Wood, LPG, and other heating methods excluded.
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Ductedgasspaceheatingis often an ineffective wayto warm a home

Ductedgasspaceheating is the practice of using one central-gasnbustion heater fitted with

anair blower and a network of ducts (either und#oor or in the attic space) to carry warm air

to the majority of rooms within a houséround40% of homes in Victoria and the ACT use ducted
gasspaceheating whereas in no other eastern Australia state does its prevalenceed 4%43).

Ageingducted-gassystemscan beinefficient at ddivering heat to where itisneeded(44).

Aswith any gas heating system, some of the energy contained within the purchased gas is lost
in the hot flue gases. Additional heat is lost from the ducts by the mechanisms of conduction,
convection, radiatiorandair leakage Underfloor ducts often go uninspected for decades

andyet can suffer damage from animals, children, or unfleor maintenance or renovation
activities.(SeeFigurell)

Blowingair around the house anthrough theducting system can anease the leakage of warm air

out of the house and the ingress of cold air. These losses can be exacerbated if internal doors block

the flow of air back tahe heaterair intake Lastly ducted systemsnaydirect heat to rooms where
heatis not neededThe practice of closing a limited number lobt-air registers in unused rooms is
often recommended, but this has the siddfect of overpressuring theducts upstream of the closed
registerswhichthenincreases warm aieakage.

w0

“o

.
I “

0.0
f LN

Figurell: Thermal andvisual image of crushed and parted underflooheating ducts
Damagewasunrepaired for more thanten years.
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The performance ofluctedgassystems can be improved if

e a highly efficient furnace is installed that uses condensing technology,
e robust andwell-insulated ducts are installed and regularly maintained and inspected,
 the building is tightly sealéfito reduce overmnd wnder-pressuringhe system

The efficiency ofluctedgasspaceheating systems in Australian homes can be as poor as
50%or less In other words, h some homes half or more of the gas purchaedspaceheatingis,
in a senseimmediatelywastedand notused to effectively warm people in their homes.

Figurel2 compares an inefficierducted-gasheating system with aon-ductedRCAGhat is
13times more efficient(39).

Waste Delivered Heat

Electricity 5.00M.J
for Fan

0alMd

Duct Locsas
9.00 M.J

Flue Losses )
10.02 MJ Waste Delivered Heat ~ Ambient Heat
: 1.50M, [(Free Enargy)

[a] w
Pipe Losses el
/ 0.58HJ

Overall Efficiency
391%

Ovarall Efficiency
29.5%

Electricity for
Heat Pump
233 MJ

Useful
Deliverad

Ugeful Delivered

g:fnf:rr Heat Heat Elactricity
10.00MJ 10.00MJ for Fan
3341M) 0.22 MJ
Inputs Output Output Inputs
Burner Efficiency of 70% Heat Pump CoP of 4.5

Figurel2: Comparing the effectivenessf delivering 10 megajoules (MJ) of useful heat
from an ageingducted-gasspaceheating system(left-side) versus a modern waknounted (non-ducted)
RCAC heat pum(right-side) (39).

¥ Gas heating systems must be regulgrly inspected to ensure there is neupuitithin the home of the
poisonous gaslkcNb 2y Y2y 2EARSZI S & Ld&lddHorhes that Raye adow lev@lfofipassi@ bid ¢ St f
leakage.
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Modern reverseycle air conditioners are efficient renewableergy generators

Contrasting with thgotentially-poor performance ofluctedgas some norducted RCACs
(seeFiguresl3 and 14puchieve efficiencies of more than 500% when they captyréo 4.8units

of free, renewableambientheat from the outside air for every one unit of electricity appl{é8).

If the RCAQvall unit islocatedin the room directlywhere heat is needed, energy losses are minimal.

39.7°C

0.3°C

Figure13: Thermal and visual imageof an RCACINRE RdzOAy 3 KSI G +d pne/ @

For every 1 unit of electrical energy
used, up to 4.8 units ofenewable
ambient heat ges in here.

mr

S
I‘
(5 b«

Figurel4: Thermal and visual imageof exterior part ofan RCACollecting heat
fromde / | Vaio, Wit ¥fedt exchanger operatingit v ¢ / ®
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Unlike in the United Kingdoif@6), RCACs anmeot eligible for renewablenergy credit$n Australia
NeverthelessRCACs are disruptive technology and aedready very significant harvestesé
renewable energy in Australiaxceedingooftop-solarphotovoltaic (PVpanels in theienergy
recovery/production Figurel5illustratesthat in 2014 the renewable energy recovered by RCACs
exceeded that ofooftop-solarPV. In the coming yearsRCA&ecoveredrenewableenergy has the
potential to double as more buildings Australia (and in particular in Victoria, as described above)
adopt this method ospaceheating

20
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Figurel5: Comparison of Australiavide rooftop-solar-PVrenewable energy receery/production (47)
versus tre amount of renewable energyecovered / produced by RCAQSIEI)

Other aspects of space heating

Individualcomfort and conveniencpreferences alsocome in to playwhen deciding between
gasandelectric heating If residents are accustomed @familiar with using gaswitching

to electricity may mean a change in halitsit can take time even if costaving are large.
Resident& & 68 gAffAy3I (2 &Ll & Sdudiddbaswhereadwithi K S
anRCACa timer might need to be set tallowthe RCA®@ achieve thesameearly-morningwarm
outcomeas gas

The dryness of both gas and RCAC heating has been cited as a comfort anddreadth(48).
However now available in Australiare RCACthat usea desiccant whedb humidify the heatedair
in orderto eliminate this conceri49).

lj dzA O
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Householders can save by replacaiigpld gas appliances with new electric

The ATA alsaeéntified the economic benefits dfouseholderswitchingoffgasag K2 dzia SK2 f RS NI
three keygas appliancetpace heatingwater-heating and cooktopshear the end of their lives.

Forexample, the Sydney NB I 26y SNJ 2F | &f | NBg@sc&anzsawdé LINBaASydf ¢
$1,284(net present value) by switching to an RCAC when their gas heater is in need of replacement

(20).

Governments camow save on gas infrastructure costs

The ATA found that there is no economic need for any hemes or suburbs anywhere

in easternAustralia to connect to gas. Similar to recommendations made by the Grattan Ing8jute
the ATAreport called for an end to government subsidies for expanding gas supply networks,
specfically recommending that

Gy dzNBSYyd NBOASS 2F LRfAOE YR LINRINIYa GKI
ILa ySig2Nla Aa NBI dzA NBR®E

The Grattan Institute reported that a Sydney household that uses gas for cooking and hot water
couldsave $600/yr by dismnecting from the gas network and instead using electricity to supply
these services. The Grattan analysis ignored théramt costsof buying new appliance8).

These studies call in to question the need for homes to baected to both theelectricity grid

andthe gas grid. Subsidies as high as of $60,000 per home have been reportesi forii 2 NRA | Q&  NIHzN.
gasINAR SE(GSyarzya fGyRSEywSALAZ RS aONBRNERY (S &K2dzZ R
take-up thegasoption (50). According to the Grattan Institute:

Gt S2LX S Ay NBIAA2ylf +AO0OG2NRIF YI& AyAdArfte oS
gas. With the predicted increase in gas prices, however, households in regional areas

may well [ better off from continuing to use other fuel sources, rather than connecting

to the gas network. In some cases, regional consumers who commit to gas in good faith

YIe FAYR (GKSYaStgSa @AylLyOArftte RAalFRGFYyGF3ASR

Infrastructure costs can be reduced, if rather than expanding the gas grid, it can be rationalised.
Asconsumers switch from gas to electricity, the existing electricity grid would become more
productively used.
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Hot waterfuel-switchingoptions

Somehomeowrerscan save hundreds of dollars per year by switching from gas hot watdraata

pump water heate(HPWH shown in Figure J6Alreadymore than 170,00eat-pumpwater

heaters have been installed in eastern Australia with most of them receiving rerewalergy
certificates(51). Rooftopsolarthermal hot water generatorsof which there are more than 700,000

in Australia, if éectricboosted canalsobe another economicalkattractive gasfree hot water

optionin regions tlat havea superior directsolar resourcé39). HPWHganl Ol | &-storéyg” S NH &
hot-water-0 I ( (G $INR S & ¢

e charged at night wan grid-supplied electricity is cheap, or
e chargedat middaywhenl K2 YS Q& & awbuldNthetwise beJexgoRihgikcess
electricity (52).

For every 1
unit of
electrical
energy used,
up to 3.5 units
of renewable

Figurel6: Heatpump water heater(HPWH) ambient heat
goes in here.
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Inductioncooktops, gasfree homesandthe gas grid deatkspiral

The installation of RCACs, HPWHSs (or ¢b&mal hot water withelectric boost), anefficient
andcontrollableinductioncooktops (see Figurel7) | f f 2 gelectrig@l f!fdza G NI t Ay K2YSa
gas freg39)(53). ¢ KA a aaSO02y R St SO iaNdGomdialsdibeiggyfidvensbfFthell KS | dza
widespread deployment aboftop-solarphotovoltaic (PV) panefs In future, electricity storage

batteries and electric vehiclesill alsobecome widely used.

Figurel7: Efficient, controllableelectric-induction cooktop ¢
where the pot or panacts ashe heating element

I dzGAfAGE® YIFN)Y SO dR $éclinikg gaslarendtricialey(du@ to taciotsdzNJ ¢ K Sy
suchas customers switching fuels, implementigergyefficiency measure®r making behavioural

changes, etc.) requirsuppliers and distributors to further increase prices in order to maintain

revenue. Theseverhigher prices then further accelerate demand decline and result in a shrinking

customer base. Thishenomenonhas been describesbgardingAdza G NI £ A I Q& SB45 OlG N& OA

EasternAustraliangas consumers who opt to completely disconnect from thergawork
caneliminate the gas bill with its fixed charges of generally more than $200 pe(3@gar

With declininggasvolumes, energy distributors and retailermyincrease fixedupplycharges
in order to maintain revenueGiventhat electricity offers @roader range of services than gas
andthat gas servicem most buildingsan be provided bglectric alternatives, the gas network
mayface agreaterrisk ofa death spirathan doesthe easterrAustralianelectricity grid(55) (56).

Y1 002NRAYy3 (2 GKS /tSty 9ySNH& [/ 2dzyOrt NBLRNIL da/t St
1,421,601household rooftop-solar photovoltaic (®/) systems have been installed in Australia,
or oneinstallation for every six Australian homes.
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AEMOhave only begun tanodelfuel-switching

As mentioned in Sectiof to dateAEMAR & 2 T F A O Adretass{(5)dg dakt ifidicale &
that the amount of gas used in buildingsll changemuchover! 9 a h2&aroutlook planning

period® | 2 g S @S Nleritlydpablisfeity ONGSINHA Y3 ¢ SOKy 2t Z®8)Sa Ly T2 NYI
does,for the first time, provide some quantitative analysis of fslitching in residential building8.

Unfortunately, AEMQ2 Bmerging Technologies Informati®aperexamines only the economics

of residents making futurenvestments in new heating systems. AEMO ignores the potential for
residents who already haumoth gasspaceheatingand RCA(), but who have traditionally used
only gas for heatingo suddenlyunderstand that using the existing RCAC is the cheaper gption
andto then make a switch

Nevertheless, AEM@EmMerging Technologies Information Papweficates thatlectricity demand

could, inaround2034,increasebecause of fueswitchingby 2,552gigawatt-hours per year

(GWhlyr). Curiousy, AEMChave notpublished any figure for thecorrespondinglecline in

gasdemand Using a factor of fiv&, 2,552 GWh/yr converts to a decline in gas demaiue to
residentialfuel-switching of 46 PJ/yr. This a \ery sigiificant reduction in gas deman@7).

However this potential gas demand declinerist asimminent nor as great as thés PJ/yrdecline

in residential gas deman(by 2025)rojected bythe MEI Scenari¢due tofuel-switching and other

driversas describedh Section9). The gas savings to be made in the MEI Scenario are greater than

l 9ahQa | & p&thbécauSeyAEMBag/Motyetincludedi K S LJ2 & dninediateifugle 2 F  a
switching

NewATA modellingdone for MEIgonfirms fuelswitchingreduceggas demand

¢KS ¢! KIFa ONBEGSRAER-BghiddtimaefidsduSdel that incorporates

0KS RIFEGF FTNRY (GKS a! NB 2(B®) I{faSombdelsrdsides\wikhedstingA G K DI a
RCACprogressivelyearningthat using thattheir RCACan be the cheaper way to heahame,

andthen makinganimmediate switch

MEI contracted the ATA to model multiple future residential fieb A 4 OKAy 3 aO0OSy Il NA2a®
results canfirm the fuetswitching outcomes included in the MEI Scenario. Of interest isthe ® &
findingthat a greater degree of fuewitching occurs fogpaceheatingas opposed tavater-heating

This idbecause of thespacecoolingside-benefits achievable wit RCACs and tieflexive nature

of @ S Y S NBhStywéaier gervicereplacement decisions, among other factors.

% AEMO plans to extend this analysis to commercial and industrial consumers.

! se the last line of Table 7 where ratios of gaplacedby-electricity range fom three to 18in the chosen
examples
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11. Energy efficiencgnd other factorgedudnggas use in buildings

In the MEI Scenario, fusivitching drives the greatest redtion of gasdemard in buildings.
Howeverthis section describeadditionalgas demand drivers includimgergyefficiency measures
consumer behaviour and price responses, warmer winters, and effetgifer marketing activitie?

Energyefficiency measuréseEdLJt 2 NdgasIhéyouiFattic

Ly SFaGSNYy !'dz&AGNFtALFS 31 a GaSELX 2Nlendtednyé YR AYAy
Australianattics and lounge rooms via the deploymentenfergyefficiency measuresuch as

insulation(see Figurd.8), draughtproofing,andimproved windows and window treatments
(e.g.drapesandblinds)(58)(59)(60)(61). According to the Australian Bureau of Statistics,

30%o0f Australian homes still have no form of insulati@2). The Insulation Council of Australia

andNew Zealand (ICANZ) cite figear economic payback for insulation upgra@@3). Sustainability
VIOG2NATI NBLRNISR GKFG Ty SySNHe STFAOASY(d K2dzaSK
energy cost$64).

Figurel8: Uninsulated attic in Melbourne, Victoria.

*2|In the MEI Scenario, doubt®munting of gas demand drivers has been avoided. For example,
in the casewhere a switch from gas to electric spateating occurs, subsequent energificiency measures
(e.g.insulation) will reduceelectricitydemand, notgasdemand.
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Hot water systemand pipingare alsooften poorly ingilated, if at all.(See Figurel9.)

Gl he 21
h!¢[ 9¢¢é

X aidNI A
the ground.

Figurel9: Uninsulated ot water outlet pipe running directly into the ground Yictoria).

Continuing deployment of efficient showerheads can redingeamount ofgasused for hot showers
by over 40% compared withefficient showerhead§65).

Saddlerfound thatby 2030 an approximate 1 PJ/yr (10%) reduction in the amount of gas used in
NSW commercial buildings may result from a range of Commonwealth buiidergyefficiency
measuresin place in 201366).

Providing warmer and cheapép-operate homesan leado improved home health outcomes
especially for the sick and elde(ly7).

Consumer behaviourahd priceresponses

Increasing gas pricegill increase consumer bills as quantified in Secfiodsers ofargerthan-
averageamounts ofgaswill, of course seelarger cost increase€onsumers may responio larger
billsby changig behavioursSaddlerdescribes how consners responded to rising electricity prices
being often in the news and a topic of political dehdtg reducing their demand falectricity (66).

If rising gas prices become a widespread news topic, gas consumers coulabriespavay similar

to that seen with electricityrice rises
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Winters are getting warmer

Core Energy describése impact of warmer winter temperatures, caused by climate change
andthe urbanheatisland effect, on reducing gaemand(65). NIEIR quantifies this for the
New South Wales buildings sector at 0.095 PJ/yr, ywayear as winter temperatures rise
eachyear(65). Overten years, this amounts a1 PJ/yr reductiorin gas demand in 8\

Ly GKSANI ! dAdzad Hwnamn SFENYyAy3Ia NBLRNIZ ! D[ OAGSR
were down 9.3% for the full financial yeamnding 30 June 201(#8). Likewise, Energy Que9)

reported thatthe warmestearly-winter period on recordn NSWcontributed tonon-electricity

generation relatedjas demandcross eastern Australia being down 10% in the quarter

ending30June 2014

Electricityonly retailers actively promoting fuslvitching from gas

Some energy retailers sell mostly electricity and little or no gas. Especially while electricity demand
remains at below historical leve(25), these retailers have an incentive to actively promote fuel
switchingfrom gas to electricity. In Japan, this strategy allowed electricity retailers to nearly double
the revenues gained from individual househo(d@®).
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12. Switching off gas in buildindiees up gas for industry

Endng gas wae, particularly in the buildings sector, will free up large volumes oflggtscould
have highetvalue industrial usesfs shown in Figur20, in twenty years time, approximately 70%
of the gas used in theargerindustrial sectocould be sourced fromlga G &l OSRE A Y
Commercial, an®mallerindustrialsector.

In the MEI scenario, the fraction of gas used by larger industry increases from 44% (2015)

z

to 58%(2030). This indicates the future movement of gas use away from sectors where eéconom

gassubstitutes are available, and toward the industrial sector where economic gas substitutes
areless available and gas is valued more highly.
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Figure20: Demand in theLargerlndustrial sectorO2 YLJ- NEBR ¢AGK 3l a
in the Residential, Commeral, and Smallerindustrial sector. (MEI Scenario)
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13. Switching off gas in buildingedsdecarbonisation

Energyefficiency measureand economic fueswitching in buildings from gas to electricity

canhelp Australia to economically decarbonisspecialyr & S a0 SNy ! dzZa NI f Al Q&
isincreasingly produced with renewable energy. ClimateWorks identified that virtually no gas

isusedin buildings by050 in a Deep Decarbonisation scen#84). TheATA) study

of the greenhouse gas emissisimpact of gago-electricity residentiafuel-switching(71)found:

e OEmissions were lower when switching all three traditionallyfgaked épaceheating water-
heatingand cooking) uses tfficienteledrical appliancesThis was consistent across household
scenarios and across all locations apart from in Mildura, Victoria, where there was a small
increase as a result of the switch.

Spaceheatingwas consistently found to be less emissiimrensive wha delivered bfficient
electrical appliancess opposed to gas

The emissions impact ofater-heatingvaried by locatiorg with all Victorian and some NSW/ACT
locations experiencing a modest increase in emissions with a swigfticientelectric while
South Australia, Queensland and other parts of NSW experienced a reduction.

Minor emissions increases from switchingetficientelectricare likely to be even smaller
NO2YAyYy3a &SIFENAR Fa !dz2a0NIfAlFIQa StESONROAGE 3ANAR
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14. Declining gas demarndecelerates gas reserves depletion

Figure2l compareshov@ & NBaSNWBS&a I NB O2yadzySR

%

9ahQa

the MEIScenario. In the AEMO forecast, approximately 10,000 petajoules of gas are consumed

overthe period2015 to 2032In the MEI scenarjdecause gas demand declines in all sectors,
10,000petajoules ofgas is not consumed untldecade laterThis illustrates the opportunity

that declining gas demand presents for measured consideration of reservesidegletoncert

with identification of gas supply and demand managenmagtions.(See Section6l)
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Figure21: Eastern Australia cumulativé R 2 Y SgastichnSumed reserves depletion (MEI)
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15. New industries?Biogasand gas for transport

Biogas

Asfossl gas prices rise and the preference for lovearbon energy and chemical feedstock sources

increases, the distributedroduction of renewable biogas mégcomeeconomic in eastern
Australia.Renewable biogas gas derived from biomass sources andnicipal waste.

Bioenergy and gas from wasfé2)is proving to be a significant resource in countries such as
Denmark andsermany(73).

In 2013, the Sydney of City identified that to 50 PJ/yr ofgas® could be produced from sources
located around Sydnef4)(75). Asanexample, Sydney Water reports that up t&3/yr of gas
couldbe created available from their own waste sour¢es).

IN2012,G KS / { L wh!(9%&a he@aNJ a Mg w StdE ¢ I TREINS ST va SiNGENg/
identified arecoverablebiogas resource ahore than 200 PJ/y77). This can be compared with
2030 gas demand in ¢hMEI Scenario of approximately 300 PJ/yr.

Gasfor transport

bSAGKSNI ! 9ahQa T2aidBic@kphciilyidesyribey digkifftanar §rawing
useof gas in the transport sectoOther analysts point to growing use of gas for powering
heavytransport in Australia over the coming decada4)(78).

% Note that the City of Sydney study does muitise timberplantations or native forest timber.
Thestudydid include a small amount of bioenergy Q.4 PJ/yrfrom pine woodprocessing residues

I dza G NJ
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16. Needed:AnlintegratedResourcePlanthat considesdemand
side opportunities

Eastern Australiaeeds an Integrated Resource Plan (IRP)¢basiderdoth gassupply and gas
demand management options such as economic-fwgtching ancenergyefficiency measures
Furthermore, as fueswitching from gas to electricity occurs, the demanddiactricitywill increase
Therefore consideration adlectricity generation and distribution must also be part of the Integrated
Resource Plan

Examples of Integrated Resource Planning in use in the United States include the Arizona Public
Servicethe Public Service Company of Colorado, and Pacif{Z8)p

1990 Gas and Fuel leasbst supply planningever completed
Ly G4KS SINIeée mppnQaz +AOG2NAIFQa DFa yR CdzSt [/ 2N
and leastcost supply planninB0)(81). One objective was:
GXG2 LINRPGARS |y S@rfdzkdAz2zy 2F GKS LRAISYOGALFf i
A& adzlld ASa Ay +AO0O02NARLFS 2SN GKS ySEG wHn @&
Identified measures included appliance devetamt promotion, household thermal design,
andconsumer education.

The Gas and Fuel Corporation describted y t SINJ (XS R ! yI f @8 &aA &¢é

G XAYy 6 KA @ffectivei@narid 2nandgement programs are allowed to
compete against supply alternatives in the leiegm sipply/demand balance in
order to minimise the costofendza S Sy SNH& aSNIBAOS&a G2 (GKS

O
No
=<
7

However thatGas and Fuel Corporatigmogramwas terminated prior to completion.

AEMO focukas beeron the supply side

To date, AEMO has tended to focus @sgupply optiongo the exclusion oflemandside
opportunities This is highlighted by the following statement fr@®action 2.4 0f 9 a h Q&
April2015Gas Statement of Opportunities:

Gyl feara AYRAONGSAE GKFG AdFFANRASY(d O2YYSNDAI
are available to satisfy projected gas demand for at least the next 20 years.

Toensurethat gas consumptiosan be met, howevenew gas reserves

needto be developedb ¢old font added)

Indeed,! 9 a hAQra2015Gas Statement of Opportunitield not highlightanygas demaneside
opportunities.
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AEMO publishes the Gas Statement of Opportun{ii@SOOn accordance with Section 91DA

of the National Gas Law. A stated aim ot SOGs to:
GXLINEPARS AYyRdza G NB LI Ninadkedshithlitrghgparent A y @S a i 2 NA =
information to support decisioimaking to ensure gasa key resource
isYF Yyl 3SR Ay LiIdZNIYNJI AL yAllF SONSS af (25ydeE

Regarding that aim,w report suggests that the current ofteimefficientand wastefulse of gas,

particularly inthed dzA £ RAy 3a &S O 2 NIE-terh intergsts AEMOYANd lottizieiévddt f A | Q&
authorities shoulddevelop an Integrated Resource Plan thataddition to supplyside
opportunities,alsoidentifies and recommendsconomic opportunities for fuedwitching from gas to
electricityand economic energgfficiency measures. Such a plan is likely to identify that large and
SO2y2YAO0 3l a aRAaOaddsdNIdSihé buidingg of @eaSterT AusirdliR, ash Y
described in earlier sections of thisport.

Asanexample, the 00 petajoules (PHfI I & & athalakcylidsa the RCSI sector
(seeSection9) isequivalent to a significantiarge gas fieldThis vdume of gas can be compared
with the Minervafield in the offshore OtwayVictoria)basinthat was reported tanitially contain
330PJ ogas(82), or to the offshore Kipper field in Bass Str@itictoria)that was reported to contain
680PJ of gag33).
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