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EXECUTIVE SUMMARY

Coal is the most carbon intensive fossil fuel and phasinganoistupplanting it withrenewable energy

is the single most important measure to bring down emissions at the pace and scale needed to curb
dangerous climate changdnder the Paris climate eard, Australia and nearly all other governments,
regardless of their share of climagel NY Ay 3 OF Nb2y SYAdaAizyar LINRBYAAS
goal and to this end have put forward national emission reductiogets

Australia needs to stegpdecrease codlased electricity generation in the coming years and phase it

2dzi SYGANBf @& 068@& HCoalpowenygendritiBndsNésppasible’fBrapploxindatelp dnél & Q
GKANR 2F !dzaGNIfAlFQa (20l fiseSsanidorgdttdg/AushalivdnRaRiA y 3 A G
to meet its national emissions reduction targets and to fulfil its obligations timel&aris Agreement

which sets out to limit global average temperature rise to 1.5°C to avoid the worst of climate impacts.

Last October, th Intergovernmental Panel on Climate Change (IPCC) in its dn@aking report
warned of the increased risks of devastating climate impacts, should global average temperature exceed
1.5°C, emphasising that even half a degree matters.

Why is the 1.5°Cntit so important for Australiaustralia can expect to experience a number of
significant climate change impacts over the coming decades even under current levels of warming,
which will only increase as temperatures rise. Projections show that manypsotghern Australia

will have less winter rainfall, with more periodsdodught. At the same timenany other parts of

Australia will see intense heavy rainfall, causing floods. Periods with high wildfire risk will become more
frequent, and theife season in southern and eastern Australia will become longer. Also, the frequency

of high intensity storms will increase. Just half a degree more warming above the 1.5°C limit could mean
GKS RSYA&aS 2F ySINIe Fff 2F 1 dZAGNIfAFQa O2NIf NB

In its repot, the IPCC has also shown that it is feasible to limit warming to 1.5°C and outlined pathways
for achieving this, at the same time urging that the transformations required for this need to happen
very rapidly and carbon emissions need to halve withinéix¢ decade. These pathways show that coal
needs to be phased out from the global electricity sectoR®0 but that in developed (OECD)
countries, including Australia, this needs to hapipe2030.

ldzaGNI £ Al Qa O2Ff aO02NBOFINR Aa OSNE LR2N®» LGa St S
grid-connectedcoal power stations supply about 60 per cent of its electricity, which is well above the

G20 average of 41 per cent. Australiaésonly OECD countrytime G20, which relies on coal for more

than half of its electricity supply.

Within a decade, around half of Australia's coal power stations will be over 40 years old; some units as
old as 60 years. These stations are alreadynieely obsolete and increasingly unreliable: they fail
during extreme heat waves, on occasion leading to blackouty. aIlb@ have extremely weak air
pollution controls andausesubstantial adverse health effects

Also in terms of policies andtaties to reduce dependence on coal, Australia is one of the worst
performers in the G20 group, and the worst perforragrongthe OECD countries withine G20 Ten
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stations have closed since 20aRdthere are plans to close more stations as they come towards the
end of their planned lifetimes. However, if the speed of coal retirements continues at its currently
LX I YyYSR at2¢g LI OS Fa (KS&asS LI fembwi®f % moiBrms Sz !
the remaining power sector budget for coal in line with the Paris Agreement.

AUSTRALIA potential CO2 emissions from existing coal capacity
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Figure 1 - Coal power plant emissions pathways for Australia. Emissions from operating coal capacity in Australia are calculated
based on historical lifetime (44 years) and utilisation rates (62% for hard coal and 82% for lignite), and reported emissioingensities
per combustion technology and coal type. Paris Agreement compatible pathway for Australia is a result of the downscaling dfe
results for the OECD from the IEA ETP B2D scenario to Australia with the SIAMESE model.

It is clear that Australia heedsttke rapid and ambitious action to rid its electricity generagiggiem

of coal supplanting it with renewable energy. The Government shoiddte anational plan for a

orderly retirement of its ageing coal power plants as soon as possible. In addition to cutting carbon
emissions to meet national targets and international obligations, such a plan would provide
stakeholders with certainty, facilitatingshift away from the fuel in coal producing regioRast action

to fully decarbonise electricity generation is a fundamental step for achieving emissions reductions in
all other sectors, where electrification plays an important role, and failing to quicklyqliasel from

the electricity mix has far reaching implications in terms of feasibility and the cost of reducing
greenhouse gas emissions.

At the same timeAustralia has a natural comparative advantage in tesfds vast renewable
resources,highlevel technical and engineering capabilities, infrastructure and proximity to Asian
energy markets to develop a carbon free energy system for domestic use and exports of renewable
energy As the world begins to implement the Paris Agreementatighng global market opportunity

for zero carbon energy presents an unprecedented opportunity for Australia to make an orderly and
ecanomically beneficial transition.

For CIl i mat ePbreehbhys2830e : Coal 2



INTRODUCTION
THE URGENT NEED FOR ACTIQNTODGLOBAL WARMING1.5°C

The Paris Agrement, adopted in December 2015 under the United Nations Framework Convention on
ClimateChange (UNFCCi&fines the objective of collective action to hold global warming well below
2°C above prendustrial levels and pursue efforts to limit it to ' CAJNFCCC, 2019)he vast majority

of countries around the worldave signed anchtified theagreement, including AustraliaVhile the
emissions projections have improved sligbthcethe adoption of Paris Agreemerglobal emissions
still exceed the level required to metite Paris Agreemenbngterm temperature goalAs a rest|
there is an urgent nekfor governments to scalep both theirclimate policies and targets to bring
them in line with a pathway to limiting warming to CBecent estimates show thieeping policies

in line with thecurrentParis Agreement commitmenisiationallyDeterminedContributions or NDCp
would lead taglobal temperaturéncreaseof around3.0°Cby 2100 and national policieas they
currently stand wouldead to a temprature increase of 3.°Cby 2100(Climate Action Tracker, 2018)
more than doubling the temperature increase agreed by governmutsr the Paris Agreement

Achieving the goal dimiting the longterm temperature increase to 1°& above préndustrial levels

as agreed with the Paris Agreement in 20hStead of theformerd 6 S+ 2 & ¢ agiedd ir the
climate negotiations in Cancun in 200k of critical importance foAustralia. The continent éxposed

to numerous climate changelatedimpacts such asea level rise, coral reef loss, and extreme weather
eventslike heatwaves, droughts or floodd! of thesempacts are already taking plaimelay and will
becomemuch worse in a 2°@armerworld than a 1.5°Gvarmerworld (IPCC, 2018k{chleussner,
Pfleiderer, & Fischer, 201 Hor example,he differencebetween 15°C and 2°C is likely te decisive
ifany2 T | dzA G NJ f A redisiare icEiveiSchledssned &t bll; Z016)

Australia can expect to experience a number of significimiite change impacts over the coming
decadeseven under current levels @farming as he most recentState of the Climate 201&port
(Bureau of Meteorology and CSIRO, 2@I&rlyindicates Current global emissions pathways would
lead to firther temperatureincreasesresulting in mordrequent heat extremesrhecoastalsea level
will continue to rise, together with greater warming and acidification of Ausrdlia  R2F QS y i
More frequent, intense and longdaisting marine atwaves will result in more frequent and severe
bleaching events coral reefsuch aghe Great Barrier Reef, with thikely extinction of many coral
speciesProjections show that many parts of Southern Australi@wpkrience less cool season ralhf
with moreand longeperiods ofdrought. At the same timenanyother parts of Australia are projected
to experience morintense heavy rainfale.g.eastern Victoria and Tasmayia particular in the form

of shortduration extreme rainfall. Periods wittigh levels of wildfire riskill increasen frequency,
together with a longer fire seasamsouthern and eastern Australi@lso the frequencyof high intensity
storms is projeted toincrease

Another recent studyghows thatcontinued global greenhouse gasmissions increasasill lead to
greater warming andnuch higher associated impadts Australia(Kihg, Karoly, & Henley, 2017)
Limiting warming to 1.5°C, relative to 2°®ould reducesubstantiallythe frequency of extreme heat
eventsin Australiaand reduce the likelihood of experiencmgariety ohighimpact climate extremes
that result in loss of life, aretonomic and environmentdamage(King, Karoly, & Henley, 2017)

1 AsofNovember1st2019, 197 parties to the coaemtion have signed the agreement, al¥ have also ratified it. See:
https://unfccc.int/process/theparisagreement/statusof-ratification
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The longer Australia experiers@trajectory of continuedrarming the more sever¢heseimpacts will
become.For instancerecent research has shown that delayagis Agreement compatibé&mission
reduction efforsbyfiveyears wouldock inadditional 20 cm of lonterm sea level rise in 23QPlengel,
Nauels, Rogelj, & Schleussner, 20I8)is highlights the need for immediatetian to reduce
greenhouse gasmissions at a speed consistent with the Paris Agreeingt@emperaturelimit, both
globally and in Australia

Meeting this goal means thgtobalemissions from fossil fuels need to peak soon and decline rapidly
afterwards. According to themost recent science, summarised in tHRCCSpecial Report on 6
(SR1.5)achieving this goal requires reaching zero greenhouse gas emissions globallparé,mdth

CQ emissions declining globally46% below 2010 levels by 2030, aedchingzeroby around 2050
(IPCC, 2018@limate Analytics, 2019c)

Failure to phaseut fossil fuels from the energy systegimcluding coal, at theecessargpeed increases
substantially theisk ofunprecedented environmental, social and econot@imagesthat the scientific
literature has associated with increases in temperature beyond (IBAC, 2018a)

¢ KS NBIfAGE 2 andendzgyibldy i far frofirdlinedhithitsviritein&tional commitments

under the Paris Agreement attte urgencyof actionneededto limit warming to 1.5°CAustraliahasa

targetto reducegreenhouse gas emissiobg 26 to 28% below 2005 levels by 20iB0its Nationally

Determined Contributio(NDC)This target, put forward in 2015 inconsistent witithe global efforts

necessaryto achievethe Paris Agreemefabjectives(Climate Action Tracke2019). Additionally,

I dza  NJ f Adlintate poloiNaxhgt éven suffici¢atreachthis inadequate NDC target, as they

would lead taan 6-8%greenhouse gas emissiorcreasegrom 2005 levels by 2030 (excluding the very

uncertain laneuseemissionsL ¥ F £ f O2dzyiNRASa F2f{ 2 diéhadRowanatngi NI € A I ¢
of between 3 and 4°8y the end of the centurfClimate Action Tracker, 28)1

Consideringts commitmentsunder the Paris Agreemeandits high vulnerability to climate change,
Australia urgently needs to implement measuireshe shortterm to close thelarge emissions gap
between its current emissions trajectorieand national targets, andupdate these targets to
benchmarks that are in lingith the Paris Agreemenihile shortterm action is requireth all sectors
to enablethe full decarbonisation of the energy mix required by the Paris Agregikeramochi et al.,
2017)Kriegler et al., 2018this reportfocuseson coalfired power generation for three main reasons:

9 Phasing out coal angupplanting it wittrenewable energy is the single most important measure to
bring down emissions at the pace and scale needed to limit warming @ P&ris Agreement
compatibleemissionpathwaysshow the need foaphaseout of coal in the power generation secto
globallyby 2040 and in OECD countries by 2@80inate Analytics, 2019b)

1 Coal power generatiois the single largest contributor to greenhouse gas emis@moAsistralia
beingresponsible for approximately one thirditsftotal emissiongAustalian Government, 2018)
A fast phaseut of coal the most carbosintensive fuel, from the Australian power sedtwerefore
playsan essential rolén getting Australia ortrack tomeet its national emissions reduction targets
andonan emssions trajectory which is in line wilte Paris Agreement lortgrm temperature goal.

i Fast action to fully decarbonise electricity generation is a fundamentaiostaphievng emissions
reductions in all other sectors, where electrification plays goitant role, and failing to quickly
phaseout coal from the electricity mix has far reaching implications in terms of feasibilitheand
cost of reducingreenhouse gasmissions.

For CIl i mat ePbreehbhys2830e : Coal 4



THE ROLE OF COAAUSTRALIA'S
ELECTRICITY MAXD THE NEED FOR ACTION

Australia's electricity systeim dominated byentralised, carbointensive coafired generationCoal
(both brown and blagkaccounted forapproximately 6% of electricity generation across Austratia
2018 Itsshare of electricity generationmsuch higher in somstates Queensland\ctoria, and New
South Wales (DEE2019)

AUSTRALIA electricity generation by fuel type and by state in 2018 SHMATE™
® Black coal @ Brown coal @ Naturalgas @ Oil products @ Total renewable

NSW Black coal Renewables

VIC Y

QLD Black coal Natural gas

WA Black coal Natural gas

SA Natural gas Renewables
NT Natural gas oil products
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2 - Electricity generation by fuel type and state in 2018Surce: Department of the Environment and Energy, Australian Energy
Statistics, Table O, March 2019

Thereare 19 grid-connected coal powerstationsoperating in Australia, mdgtold and inefficient
Within a decade, around half of Australia's coal fleet will be over 40 yearsithidsome units
approaching even 60 yeaifhese stations are technically already obsoleteiantbasingly unreliable:
they fail during extreme heatwaves, on occasion leading to blackouwtddition, stations in Australia
have extremely weak air pollution controls athé power stations are associated wihbstantial
advese health effects, particularly in SydriEyald, 2018)

2 Smaller offgrid plantswith a combined capacity of 202W, havealsobeen taken into account on oemissions estimatds provide
a complete overview of emissions from ebased power generation.
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Table 1- Australia's grid connected coal power generation plants

year units technology | retirement

Eraring 2,880 1982-84 4 Subcritical 2031 NSW
Bayswater 2,640 1982-84 4 Subcritical 2035 NSW
Liddell 2,000 1971-73 4 Subcritical 2022-23 NSW
Mount Piper 1,400 1993 2 Subcritical 2042 NSW
Vales Point B 1,320 1978 2 Subcritical 2029 NSW
Loy Yang A 2,210 1984-87 4 Subcritical 2048 VIC
Yallourn 1,480 1975, 1982 4 Subcritical 2033 VIC
Loy Yang B 1,070 1993-96 2 Subcritical 2047 VIC
Gladstone 1,680 1976-82 6 Subcritical 2035 QLD
Tarong 1,400 1984-86 2 Subcritical 2037 QLD
Stanwell 1,460 1993-96 4 Subcritical 2043-45 QLD
Callide C 900 2001 2 Superecritical QLD
Millmerran 852 2002 2 Superecritical QLD
Kogan Creek 744 2007 1 Superecritical 2042 QLD
Callide B 700 1989 2 Subcritical 2028 QLD
Tarong North 450 2002 1 Superecritical 2037 QLD
Muja 815 1981, 1986 4 Subcritical WA
Collie 318 1999 1 Subcritical WA
Bluewaters 1&2 434 2009-10 2 Subcritical WA
TOTAL 24,753 53

Source: own elaboration based on Global Coal Plant Tracker and nationalources(e.g. AEMO)

This makegwustrali@ éectricity grid one of thenost pollutingn the world A recent reporbnthe coal
secbr in G20 economies shows that Australia is not only well above the G20 afmragal usen
electricity production (62%ompared with41% in 2017)but alsathe only OECD country in this group
whichrelies on coal for more than half of its electricitypply(Climate Transparency, 201%he same
report awards! dza G NJ f A | Qadtivitleld rdd@ck dependentdron abwith the lowest rating
possible, making @ne of the worst performers in the G20 group, and the worst perfoanmangthe
OECD countries withthe G20

For CIl i mat ePbreehbhys2830e : Coal 6



Share of coal in total primary energy supply (2017)

Share of coal in energy supply 2017 (%)
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Figure 3 & Share of coal in total primary energy supply across G20 countrie§ource: Climate Transparency 2019

Other analyses show thAustralia has one of the wornsttings forelectricity emissions intensity the

world (Climate Analytics, 2019a)hs, together with the high share of caal electricity produdbn,

YI1S !'dzadGNItAFQa St SOl NddIedades ¥ &f Tha Wasy/ ol theLu®MF 2 NIV |-
especially amongigh-iincomecountries.

A number of dferent factorshave led tahe withdrawal ofa number otoalfired generators from the
market includingthe increasing unreliabilitpf Australian coal plantdower total electricity demand,
increased competition from renewables, volatility of wholesale prices, investor concerns overrong
viability and the high maintenance costs of older stati@@ismate Council, 2018; Finkel, 2017g¢n
stations have closed since 2012, representing aroun@G®/3f installed capacity, at an average
retirement age of 43ears(seeAnnexl- Recent coaplant retirements). Also,there are plans to close
more stations as they come towards the end of their planned lifetidmtzo, Mazouz, & Wiseman,
2018; Shearer, Ghio, Myllyvirta, Yu, & Nace, 2017)

In addition, the private sectagenerallyregards building new coal powplants as unviable because
renewable energy and storage present a @mghpetitive alternativgBloombergNEF, 2018; Graham,
Hayward, Foster, Story, Bavas, 2018; Morgan, 2017)isis particularly the casi@ Australia, which
hasvery highpotential for electricityfrom renewable energyespecially from soland wind sources
(AECOM, 2016; Climaouncil, 2014; Department of Industry, 2014; Drew, 2015; Prasad, Taylor, &
Kay, 2017)This mearsthat the role of coal i dza i Neledtrigity 8i& will likely continue to decline.
However, there is currently no policy to acceleredal phase oytand no systematic framework to ease
the transition incoalproducingregions.

I dz& ( Nélidndelomcdak expected to continueell beyond2030 under current policiesyith the
electricity system projected to generate 29%taihl emissions irthat year according to the latest
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official projectiongDepartment of the Environment and Energy, 20IB¥se projectionfiave coal still
providing just under 50% of electricity generatinr2030, with overall electricity sector emissions only
17% below 2005 leve{Pepartment of the Environment and Emgrg018) Independent assessments
have concluded thdt dza (i Ndirrerit polieyiprojectionsould lead to warming of between 3 and 4°C
by the end of the centurif all countries followedhe sameapproach(Climate Action Tracker, 28)1

In addition, no strategic approach to the deploymerit afza i Nast rénéw@bie energy potential can
be found in thefederalregulation. On the contraryhe government has scaled bgmidicies aiming at
renewables phasen like the Largscale Renewable Energy Tard&®ET) and the governmentnst
intending to extendhis beyond 2020 Instead it isplanning tointroducemeasures to promote new
coal power generatiomnd/or maintain existing generators in the markiecluding public subsidies
(The Australian, 2019; The Guardian, 2018a, 2018b, 2018c)

Based on the characteristics of its coal fleet, the current market conditions, and climate commitments
it is clear that Australia needlsst and ambitious action to decarbonise its electricity mix, anagbia
coal phaseout isneeded forthis task

This report investigates the implications of the Paris Agreement for coal power stations in Australia, and
establishes a sciendmsed pathway for a thermal coal electricity phase out in Austi#i. is
necessary to drawonclusionselevant forpolicydevelopmenton the timing and scale of coal phase

out andpolicycapable ofieaingwith regional structural change and ensuring that regions particularly
affected by this change will benefit fronslaift to renewable egrgy.

For CIl i mat ePbreehbhys2830e : Coal 8



PARIS AGREEMENT COMPATIBLE PATHWAY FOR COAL IN THE POWER SECTOR

In 2016, Climate Analytics concluded thatnteet the Paris Agreement.5°Ctemperature goal,
emissions of unabated céalould have to phase out globally 2050,in China by 2040, anid the
OECD and the European Union by 2030mate Analytics, 2016b)The study was based an
evaluation of energgconomic scenarios from Integrated Assessment Mdtkels) available d@he
time. On this basis, Climate Analytics also develepedl phaseout studies for different countries
including the European Union, Japan, and Gernf&@tiynate Analytics, 201 limate Analytics, 2018a)
(Climate Analytics, 2018b)

More recently the much larger number and range of 1.5°C compatible scenarios assessed in the IPCC
1.5°C Special Report (SR1.5) extend the scientific basis on the coadythaseded to limit warming

to 1.5°C(IPCC, 2018aflimate Analytics has analysed #eenarios inthe IPCC SR1ahd foundthat

coal needs to be phased out from electricity generation global@4y to get the world oratrajectory
compatible with the Paris Agreemdlimate Analytics, 2019)yvhich is roughly a decade earlier than
previously estimatedFor more information on the findings from the IPCC SR1.Brmeex2 - IPPCC

SR1.5 findings and implications for coal

The scenariogndempinninglPCC SR1d® notprovide data at thenationallevelbut focus instead on
different regionge.g.the OECD)To draw conclusions on Australian emissions and energy scenarios,
we haveseleced a scenario that characterisegell the main features of the set of 26 compatible
scenariostheL Y 0 SNY I GA 2y | f  9BieSg)NIBahnolbgyPershervesi(ETHRySnH B°C
scenario (B2DS)IEA, 2017)This isconsistentwith our previous work looking at courdigvel Paris
Agreement benchmarks for coal phasd in Germany(Climate Analytics, 2018a)

TheETPB2DSscenarioprovides a close analogue taygical 1.5°C compatible pathwat the global

level for thepower sectofrom the IPCC SR1.5 scenario set. For more information on the compatibility
of the B2DS with the IPCC SR1.5 scenario sé&trsex 3¢ B2DS compatibility with IPCC SRItis
scenaricalso containgnergysystem datan some key countries and regions, including@eCD

For the OECD, the B2DS scenario has a coal phase out date in the power sector@ihk96l some

five years later (2035) than thmedian of the IPCC SR1.5 scenarios (2030). As can be seen in Figure 2,
the IEA B2DS OECD trajectamtle use ofcoal in electricity (without CCS) lies above the median of
1.5°C pathways assessed in SR1.5. Given this ¢dh&e2035 phase out date for coal in the power
sector in the OECD in the B2DS scenario appears to be a conservative estimate’@candisient
pathway for this region.

3 Coal plants without carbon capture and storage

4 In this study we assume that a phase of coalfired power plants is achieved whenever emissionsexteced by more than 90%
below 2010 levels.

5 The IEA report includes two additional scenarios that are not relevant here: the Reference Technology Scenario (RAi&) or basel
scenario, assuming the implementation of present day climate change mitigationitments (NDCs and other); and the 2°C scenario
(2DS) that includes assumptions on additional mitigation action that would result in a 50% chance of keeping anthrapadenic gl
warming below 2°C above piedustrial levels by 2100.

For CIl i mat ePbreehbhys2830e : Coal 9



Reductions from 2010 in coal use for electricity generation
For the OECD and EU28 (without carbon capture and storage)
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Figure 4 & Reductionsbelow 2010 levels in electriciy from coal-fired power plants without CCS
IPCC SR1.5 for 1.5°C compatible pathways (blue line: OECD median) and from tB&PB2DS scenario (EU orange and OECD red

line). Sources: IEA (2017)EA Energy Statistics and Balances 2016ht{ps://www.iea.org/statistics); SR1.5scenario database

(https://data.ene.iiasa.ac.at/iame 1.5¢explorer). We have ugd data from 21 pathways from the SR1.5 database, excluding pathways that
have more than 5 GtCQ/yr removals via bioenergy with carbon capture and storage(BECC$by 2050. This limitation on BECCS is
consistent with SR1.5 Summary for Policy Makers (SPM) paragraph C3.2 that specified BECCS potential by 2050 at that levdlpat
higher, in the context of concerns abouthe feasibility and sustainability of its large-scale deployment

To draw conclusions on Australian emissions and energy scenarios, the OECD coal use pathways need
to be downscaled to the national level. For this repa, have downscalethe OECD result®

Australisd @ Y I { Ay 3 dzaS 2 7F / mad¥(SQindfied IgtdgtatedirssesanientMadela 9 { 9
with Energy System Emulatd8ferra, Krapp, et al., 201&onsistent with other reports looking at
national implications of global and regional energy mo¢elsnate Analytics, 2016a, 2017, 2018b,
2018a;Sferra, Schaeffer, & Torres, 2018)

SIAMESE is able to downscale the results of aggregated rg@E@P in this cage)the national level

by determining the optimal electricity mix and emission pathwéysall countries in the regionasing

a welfare maximisation approadhat ensures a leastost approach to achieve emissions reductions
that add up to the required regional emissions reductidfer more details on the downscaling
methodology and model assumptiosseAnnex 4 SIAMESHE odel.

There are two mairadvantags of using SIAME $fistead ofother downscaling methodologies, such as
applying regional reduction rates to nationatbrical data Firstly,SIAMESEimics the structuref
energyeconomy models like thHEA ETP model, from which 82D cenario is derive@nd is able to
distribute mitigation efforts across countries and sectors under a-tessscenariowhich takes into
accountobserved energy consumption, energy mix composit®DP and population datacross
different countries in the regiotin additon, SIAMESE can take into account specifiadgsii@at are in
place(e.g.a minimumrenewable energyarget) and expected energy trends (e.g. nuclear phage
dates) at the country level, making thesults more relevant for national policy discussions
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Given that the IEA B2DS uses 2014 as the last historicahgadibraing its resultswe need a two
stage approach to derive a Paris Agreement compatible pathway fqggaear generatiorn Australia
that reflectsaccurately the most recent emissions trends

91 First, weuse the SIAMESE modeldimvnscale the regiona&nergy mix from the OECD region
to Australia calibrating the model with thefficially reported historical electricity generation
recordsfrom the Ausralian Energy Statistics until theest historicalear of theB2DSscenario
(2014).Based on national emissions factors we then derive a Paris Agreement compatible
emissions pathwaygonsistent with this energy mand calculate memissiondudget for oal
based power generation (cumulative emissions 2014 to 2faBOAustraliabased on this
pathway

1 Second, given that observed and expededl power generation anegimissions in Australia as
reportedbythe Australian governmeifior the years 2012018 are higher than the levels that
Australiawould have reached had fiollowed the Paris Agreement consistent pathway from
2014 (ast historical year ithe B2DSlerived pathwa), we modify the emission trajectory so
that Australia d@es not exceedhe total emissions budget derived from the original pathway
(starting in 2014). Under this approach, to compensate for emissiaeeding the original
pathwaybetween 20142018, Australia would have to speegh emissions reductions in coal
power generation after 2018, reaching a full phase of these emissions by 203@hich is
consistent with the median coal phase out pathway of the range of IPCC scenarios consistent
with the 1.5°Climit.

The costoptimal Paris Agreemerdompatiblepathway(see Figure3) shows that coal power plant
emissions need to decrease steejpl\Austral in the coming yeardalling by27% below2018levels
by 2025 and then reachingzeroby 2030 However, he existing retiremenplans in many casdar
exceed the2030deadline consistent with the Paris Agreemamd, h contrast to other OECD countries,
the Australian government has no policy for a plamegidcementof coal power plants.

We have estimaed future CQ emissions from operating coal capacityAunstralia, under current
retirement plans. Th&ey assumptions for this estimedaee lifetime and utilisation factors, which are
very uncertain in the future. For plants without a planned retirement dadave assumed a lifetime

of 44 yearswhich is consistent with the average historical retiramage of coal power plants in
Australia It is worth noting that while this lifetime assumptismbove the global averagetirement

ageof 40 yearsit is a much lower lifetime that the 50 years assumption the AEMO uses in its modelling
(AEMO, 2018)

We have alsassumel an averagauitilisationfactor of %for hard coal an@2% for lignite which is
equal to the 2016 averageutilisation factor accordingto national reported generation values
(Department of the Environment and Energy, 20E®ally, emissions intensities are estimated based
on standard reported values per combustion technology and coaldypend which there is very little
uncertainty We have not assungeany new coal power plants coming online for our estimates.

Our methodology is described in detaifimnexs - Estimating C®emissions from coal plast

6 The IEA and SIAMESE models have 2014 as a starting date and provide resultafolr 2025. Values between the starting point
and these data points are linearly interpolated.
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AUSTRALIA potential CO, emissions from existing coal capacity
compared with Paris Agreement consistent emissions pathways.
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Figure 5 - Coal power plant emissions pathways for AustraliaEmissions from operating coal capacity in Australia are calculated
based on historicallifetime (44 years) and utilisation rates (62% for hard coal and 82% for lignite)and reportedemissions intensities
per combustion technology and coal type The Paris Agreement compatible pathway for Australia is a result of the downscaling of
the results for the OECD from the IEA ETP B2D scenario to Australia with the SIAMESE mo@ding into account historical emissions
until 2018.

Our estimates show thabalrelated CQ@emissions are projected to fall in the following decades even
without additiona policies due to ageing of the coal fleet and profitability and policy prospects that
make refurbishment or opening of new plants unfeasiewever, if the speed of coal retirements
continues at its currently planned pa¢edzi G NJ f A | Qauld éni twvite (1990lthy fedhaining
power sector budgets for coal in line with the Paris Agreemdnth we estimate by calculating the
cumulative emissions consistent with thh@ngeemissions pathway Irigureb. If the lifetime of existing

power plants is extended beyond the assumptions made in this report, or any new power plants come
online, this carbon budget will be exceeded by a much larger margin.

In order to achieve the Paris Agreement ldeign temperature goal, our results show that Australia
will need toretire its operating power plantgarly and/or dramaticallyreduce their utikation rate
Given the urgency of the emissgoreductions neededh the power sector, a clear policy signal and
structured phaseut plan is needetb provide certainty both for regions affected by this transition, as
well as for investors

This wouldgprovide multiple benefits for the general publicdza & NJ Gtihal s€ctorardygoR! dzlated
businesses, workers, owners and investaso would be better placetb make a sound transition

away fromcoaland plan in advance with investments into renewable capacity to replace retiring coal
capacity A large number of studies has shown thaast transition to 100% renewable energy is
possible inustralia(Blakers, Lu, & Stocks, 2017; Diesendorf, 2018; Gulagi, Bogdanov, & Breyer, 2017,
Howard, Hamilton, Diesendorf, & Wiedmann, 2018; Riesz, Elliston, Vitblagaesyn, & MacGill, 2016;
Teske, Dominish, Ison, & Maras, 2016)
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Adelay inphasing outoalfrom the power sectowould have to be compensatédr by much more
stringent (and costly) emissions reductions in other sectors, or by respectively higher and much more
expensive and uncertain negative emissions (removinfr@®the atmosphere) in the second half of

the century(Luderer et al., 2013; Riahi et al., 20Egrly, ambitious and concerted action to phasé

coal is needed worldwidend in Australito hedge against thegk that negative emissions technologies

will not deliver within the timeframe analt the scale needed (considering the associated technical,
sustainability and other challenges).

The longer the worlénd Australiacontinue to use coal as currently pladnghe higherthe cost and
the smaller the feasibility &eefingthe dooropentd OKA S @S G KS t | Ndmaeratu@NBE SY Sy
goal
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CONCLUSION

It is clear that Australia neetts takefast and ambitious action to decarbonisegisctricity mixbased

on the characteristics of its coal fleet, the current market conditions, and climate commitrRents
this, arapid coal phaseout is essentialThis report establishes a sciedu#sed pathway for a thermal
coal eletricity phase out in Australiand finds thathat coal power plant emissions need to decrease
steeply in Australia in the coming years, fallin@ below2018 levels by2025and then reaching
zero by 2030

Continuing to rely onaalgenerated electricity isompletely inconsistent with the Paris Agreement

and the discussion shouldt be on whethercoal power plantshould close butatherhow quickly and

orderly these closures will occur, antichpoliciesare neededto helpto manage the process\ clear

policy signal and structured phasat planwould provide multiple benefits for the general public,

' dzZA GNF £ A Qa8 AYyRdAZAGNALI T aSOG2NE FyR Qehovioulddst I G SR
better placedo make a sound transitioaway from the fossil fuel

The Australian government should deviseationalplan for an orderly retirement of the remaining
operating coal powestationsby 203Qas soon as possiblsuch a plan would provigéakeholders with
certainty, facilitanga transitionraway from the fuei coalproducingregions It would alsdelp togive
clear signals for investments into renewable energy capacity to replace coal power plaats)idad
continued flow ofinvestment into unsustainablassets and coaklated infrastructure preventing
Australia from becoming locked intacarbon inensivepathway andshoulderingexpensivestranded
assetswhile alsaredudng the cost andcomplexity of achieving dza (i NihtibrklIm@igation targets
and its necessary contribution to the Paris Agreement

In addition toits contribution to climate changepal extraction andombustioncomes withmultiple
associatednegative effects including air and water pollutioas well as thelestruction of whee
ecosystemswhich are not discussed in this report but hagencoveredwidelyin the literature This

is particularly relevant for Australiahich isone of theg 2 NJbigy@sicoal producers andieson an
increasingly outdatednd polluting codlleet for electricity generatiorA fast pase-out of coalwould
therefore not only be the most costfficient way to put Australi@loser toa Paris Agreement
compatibleemissionspathway but would also offer a range of benefits amgportunities that go
beyond emissions reductionmcluding job opportunities from higher investments into renewable
energy and reduced electricity casts

The longeAustralia and the worldontinue to use codbr power generationthe higherthe cost ad

lower the feasibility ofachievingd KS t I NA & | FeNpetidrS goal Bailureft®pfiadeut

fossil fuels from the energy system, including coal, at the speed needed increases substantially the
likelihood of Australia and the worldxperencing the unprecedented environmental, social and
economicdamagethat the scientific literature has associated with increases in temperature beyond
1.5°C
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ANNEXL- RECENT CORLANT RETIREMENTS

Table 2 - Recent coal power plant retirements
|

Power station State Capacity (MW) Year of Closure Age at time of
closure
| Morwell VIC 189 2014 56 |
Playford SA 240 2016 56
Hazelwood VIC 1,600 2017 53
Anglesea VIC 150 2015 46
Collinsville QLD 190 2012 44
Munmorah NSW 600 2012 43
Swanbank B QLD 480 2012 42
Wallerawang NSW 1,000 2014 38
Northern SA 530 2016 31
Redbank NSW 144 2014 13
Kwinana -C WA 400 2015 39

Source:(Climate Council, 2018)

ANNEX - IPPCC SR1.5 FINDINGS AND IMPLICATIONS FOR COAL

The IPCC SBladopted and published in October 20J8ovides the best available science for
operationalising the Paris Agreement Long Term Temperature Goal (LTibeljraf global warming

well below 2°C above pfadustrial levels and pursue efforts to limit it to 1.5°C warmirfge SR1.5

Summary for Policymakers (SPM) establishes 1.5°C compatible mitigation pathways as being pathways
with no-, or limited overshoot. These pathways limit medjtobal warming to 1.5°C throughout the
2108y idzNBE A K2dzi SPOSANBEKEZRIEREG 2NEOSE 26 a2 NYVAY S
the end of the century (around 1.3°C warming by 2100) after a brief and limited overshoot of median

peak warming beld M dcc/ | NR dzy R OB KR R2dA D POGAAK | LISH] 4
these pathways meet several tests with reference to the LTTG.

With these considerations, the implications for operationalising the Article 4.1 of the Paris Agreement

in global endsion pathways can be outlined. Article 4.1 of the Paris Agreement is designed to
operationalsS (G KS [¢¢D gAGK 3If 201t SYA aterinzeyipedtre goal aAy 2
asSit 2dzi 4¥y2 ' INSI®| H®PMZOIf SYA&daAizya ala azz2y | a L
GKSNBFFGSNEZT YR (2 NBIFOK | andsinkyd §reedhBuesgdsds/ | y
emissions in the second half of thiscenigfyNBE (2 0S RSGSNX¥YAYSR al OO0O2NRAY
S0 as to be consistent with the LTTG. Figullestrates the PA 1.5°C pathways and the three stages of

global trangbrmation and mitigation strategies as outlined in Art. 4.1
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Figure 6 & Emission Benchmarks for Paris Agreement

Article 4.1 for operationalisation of Article 2.1 (dark blue boxes) and global decarbonisation benchmarks (white box). This
representative pathway is the median across all 1.5°@ompatible pathways from the IPCCSR15 that reach levels of Carbon Dioxide
Removal (CDR) below the upper end of estimates for sustainable, technical and economic potential around 2050 from SR15 in the
sector of Agriculture, Forestry and LandJse (AFOLU), as well as via Bioenergy combinedtiv Carbon Capture and Storage (BECCS).
Solid line represents total GHG emissions and dotted line represents total G@&@missions.

Following the IPCC SR1.5 SPM assessment of 1.5°C compatible pathways, in this report we define Paris
Agreement LTT-Gompatibe pathways as those that limit global warming to 1.5°C, or below,
throughout the 2% century with no or limited (<0.1°C) overshoot. Thésmits drawing energy

economic data from the 1.5°C compatible pathways in the new set of IAM pathways assessed in the
IPCC SR1.5.

Moreover, in the context of defining the broad features of these scenarios it is important to note that
the IPCC SR1.5 identified linbesed on sustainability and economic constraints on Carbon Dioxide
Removal (CDR). These limits were found for BEG®E below 5 GtC&yr globally in 2050 and for
AFOLWbelow 3.6 GtC&yr sequestration globally in 2050). Excluding pathways that exbed8BCCS

10 BioenergywithCNDB 2y / | LJidzNB | yR {{i2N)F 3832 RSTAYSR Ay { @%) echabiogyapplled® | &Y &,
to a bioenergy facility. Note that depending on the total emissions of the BECCS supply chain, carbon dioxide can henetheved
atmosgK S NB ® ¢

11 SR15 refers to CDR measures inAbeculture, Forestry and Other Land Use sector and notes such measure are mainly represented in
the models as afforestation and reforestation.
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