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1)  DEFINITIONS

AEMC Australian Energy Market Commission
AEMO Australian Energy Market Opaor

ANTS Annual National Transmission Statement (now NTS)
APC Administered Price Cap

APP Administered Price Period

Capex Capital Expenditure

CCGT Combined Cycle Gas Turbine

CPRS Carbon Pollution Reduction Scheme
CPT Cumulative Price Threshold

CRA CRA International

CRR Comprehensive Reliability Review (2007)
DSM Demand Side Management

DSP Demand Side Participation

ESAS Electricity Sector Adjustment Scheme

ESOO Electricity Statement of Opportunitigprepared by AEMO, was NEMMCO SOO)
FOR Forcal Outage Rate

GWh Gigawatt hours

LRMC Long run marginal cost

MCE Ministerial Council on Energy

MD Maximum Demand (MW)

MPC Market Price Cap

MRET Mandatory Renewable Energy Target

MRL Minimum Reserve Level (Reserve Margin required to meet the Ritjigdtihndard)
MW Megawatts

MWh Megawatt hours

NEM National Energy Market

NEMMCO National Electricity Market Management Company (now AEMO)
NIEIR National Institute of Economic and Industry Research

NTS National Transmission Statement (previously ANTS)

OCGT Open Cycle Gas Turbine

PoE Probability of Exceedence (%)

ROAM ROAM Consulting

RET Renewable Energy Target

RSSR Reliability Standard and Settings Review

SO0 Statement of Opportunities (prepared by NEMMCO, now ESOOQ prepared by A
USE UnservedEnergy (% of energy supplied)

VoLL Value of Lost Load

WACC Weighted Average Cost of Capital
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2)  INTRODUCTION

The Australian Energy Market Commission, on behalf of the Reliability Panel, has appointed
ROAM Consulting (ROAM) to provide analyses and recowmhaiens on the values of the
reliability settings to apply from 1 July 2012 such that the Reliability Standard is met.

The Reliability Standard was set at 0.002 % unserved energy (USE) per annum by the Reliability
Panel (Panel) at market start in 1998ddmas remained unchanged since that tim&he Standard
describes the minimum acceptable level of bulk electricity supply at risk measured against the
total demand of consumers. For example, the practice to date has been to measure the Standard
over the bng term ¢ the past ten financial years. Thus, if consumer energy demand was
100,000MWh, the Standard would require the supply of no less than 99,998MWh over the long
term.

The National Electricity Market (NEM) is an energy only market that is operatedaliability
settings that aim to achieve the Reliability Standard. The reliability settings in the NEM are:

1 the market price cap (MPC), previously known as the value of lost load (VoLL), that sets
the maximum spot price in a region for a dispatch inéérv

1 the market floor price that sets the minimum spot price in a region for a dispatch interval;
and

1 the cumulative price threshold (CPT) that is an explicit risk management mechanism
whereby, if the sum of the trading interval spot prices over a rollieges day period
total or exceed this threshold, the spot prices are capped at the administered pric¢e cap.

Currently the MPC is set at $10,000/MWh, the market floor price is s&1ad00/MWh and the
CPT is set at $150,000.

The most recent review of theeliability settings was performed by the Panel as part of its
Comprehensive Reliability ReviéwThe AEMC engaged CRA International (CRA) to assist the
Panel with this review, including the economic modelling associated with determining the
recommendedeliability settings'

The current review will consider changes to the form and level of the Reliability Standard based
on comments raised by stakeholders during consultation. Following this analysis the Panel will
make recommendations for the form andvid of theReliability Standard to apply in the NEM in

the future.

' The Reliability Standard was reviewed as part of the AEMC Reliability PaneCafg8ehensive Reliability Review
Final ReportDecember 2007. At this time the Paredt the form and level of the standard unchanged but clarified the
definition of the standard and how compliance with the standard would be measured.

2 Determination of Schedule for the Administered Price B8BMC, 20 May 2008, available on the AEMC teeasi
http://www.aemc.gov.au/MarketReviews/Completed/Determinationf-Schedulefor-the-AdministeredPrice

Cap.html

3 Comprehensive Reliability Reviéwrinal Report December 2007, available on the AEMC website at:
http://www.aemc.gov.au/MarkdReviews/@mpleted/ComprehensivReliability-Review.html

* The Panel published the CRA analysis as an Appendix to its Comprehensive Reliability Review.
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The reviewwill take into account:
(i) the analysis undertaken previously by CRA International,
(i) the 2009 Annual Planning Reports from all the Jurisdictional Planning Bodies;
(iii) the 2009 AEMO ESOéand
(iv) proposed commencement of the CPRS.

wh! aQad Y2RSttAy3d LINPGARSE |y LyrtedAaOlt ot

3) (CONTENTS OF THIRAFTREPORT

This report is targeted at detailed analysis and discussion aketiability settingsvhichwould be
required from 1% July 2012to meet the Reliability Standard The ROAM modelling has not
addressed other policy variable$he report includes a description of the modelling methodology
adopted for this review, as well as an assessmeih®fmethodology against the findings of the
CRA review undertaken in the 2007 Comprehensive Reliability Review.

4) ASSUMPTIONS ANBETHODOLOGY

4.1) MODELLINGNPUTS
ROAM has used input data from a numberedognisedsources for th(RSSR an@RAmModelling
study, including:
1 ReliabilityStandardand SettingsReview
0 2009 AEMElectricityStatement of Opportunities
0 2009 AEMO Energy and Demand Projections

0 2009 ACIL Tasman Report to NEMM&E@I Resource, new entry and generation
costs in the NEM, April 2009

1 CRA Benaharking
0 2007 NEMMCO Statement of Opportunities
0 2007 NEMMCO Energy and Demand Projections

0 2007 ACIL Tasman Report to NEMME@I Resource, new entry and generation
costs in the NEM, March 2007

0 CRA International Final 2007 CRR RefippendixModelling Metlodology, Input
Assumptions and Results Second Stage Moddbiecember 2007

ROAM has modelled th@ne year period from 20141 to 2Q8-19.

4.2) MODELLINASSUMPTIONS

The appendices to this reporAppendix Ayprovide more detdion the modelling assumptions
used in this study.

e ————
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4.3) RSSRNDCRASCENARIOS

For these studies, ROAM has modelled the 1B%E and 50% PoE demand forecass
independentlyto assess the resulting USEhe USE outcomes of thevo demand scenarios are
then weighted to create arexpected USBEwith the weights determined according to the Demand
Weighting methodology developeghd presently used bAEMO. These demand weightings are
the same ashose previously used in 2007 by NEMMCO.

5) METHODOLOAYESCRIPTION

ROAM ha used the 2-C market modelling software suite to model the NEM for this assessment.

The purpose of the key Reliability Settitfie Marginal Price Cajs to provide sufficient incentive

for generation toenter the marketsuch that the Reliability Stalard will be met To ensure an
effective incentive for new entrant peaking capacity to enter the market, the BtiR@QIdbe set

at a levelthat will provide sufficient revenue in the very few running hours which thst
generator to be dispatchedould reedto achieve so as teecover itscapital, fixed andvariable
2LISNF GAy3a O2adGa FyR | OKAS@S AGa Ay Jdpeaking ND &
generationcapacity will not be incentivised to enter if the MPC is not high enough to achieve its
rate of return and theNEM may fall short of meeting theeliability Standard.

The Reliability Standardequires the expecte USE in each region in each year to be less than
0.002% of annual energy.The methodology ROAM has adopted for this review has two
complementaryapproachesboth of which are modelled to achieve the Reliability Standard

T Install sufficient committed, advanced or announced capasiigh that the marginal
peaking generator remains profitable given a BBC and assess the resulting USE

1 Install sufficient committed, advanced or announced capacity to achieve the Reliability
Standard in each region in each year of the modelling pesiodl assess the associdte
MPC

6) BENCHMARKING TKERAOUTCOMESWITMh | a Q
METHODOLOGY

6.1) BENCHMARKNODELLINASSUMPTIONS
See the appendices to this repoAgpendix Ajor the CRA Benchmarking Assumptions.

®The 50% PoE and 10% PoE are weighted 70%/30%

® The Reliability Standard is measured using ékpectedievel of USE. That is, the Reliability Standard is
forecast to be achieved if the forward looking level of USE is below 0.002% annual energy in each region, in
each year.

e ————
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6.2) BENCHMARKINGUTCOMES

ROAM modelled the NEM on a six region Basaf hourly for 25 iterations of Monte Carlo
random forced outge simulations. All outcomes have been modelled for both 10BaPd 50%

PoE demand forecasts and are shown as a weighted average of the two, with 70% weighting for
the 50% BE and 30% weighting for the 10%ER which is in line with thapproach of theCRA
report.

ROAM has modelled the 2007 conditions, targeting the Reliability Standard by commencing with
the level of installed capacity published in the CRA Appendix to the CRiRe flme the capacity
needed to meethe Reliability Standard for eaclear of the nine year forecast period, ROAM has
installed peaking generators (open cycle gas turbines). As the lowest capital cost plant, OCGTs
represent the type of plant which would be developasl the incremental generatioin response

to growing capaty shortfall and the incentives provided by the MPC.

It isimportant to achievea forecastlevel of USE in line with the Standard to accurately determine
the MPC necessary to achieve profitability for the marginal generedance there is aon-linear
relationship between USE and MPC, mas validto assess the MPfLom aforecastwhich does
not achieve (or is at least very near to) the Reliability Standard.

The figure belowshowsthe USE outcome for the weighted average of the two independent
demand profiles modelled for the CRA Benchmark scenario. As the figure shows, the model
producesa closematchin USEo the Reliability Standard for the regions of Queensland, Victoria
and South AustraliaNew South Wales is more reliable than the Standardiclvis an overhang
from the high reserves initially in that region, owing to the planned installation of several new
large stations (Tallawarra, Uranquinty and Colongiid)e NEM weighted average line, highlighted

in BLACKshows the weighted average (agnual regional energy) of the three USE levels of each
of the QLD, VIC and SA regions.

The period beyond 20156, and the New South Wales USE level, is not sufficiently near to the
0.002% USE Reliability Standard, and thereiocduding these resultgould skew the MPC
estimate In particular the lower than standard USE in NSW would mean that the extreme
peaking generator in that state will operateith reduced running hourghan if it just met the
standard, andesult in an excessive estimate of MIP This is common also to the CRA modelling
where the USE forecasts by region were spread over a range above and below the Stdimgard.
remainder of this section thereforéocuses ornthe period 201611 to 201516 for the QLD, VIC
and SA regions of thdEM for which the MPC can be more accurately computed

"In 2007, Snowy was a region of the NEM. The Snowy region was abolished'fialy 200&ccording to

the amending rule 2007 No. 7. As such, the Snowy generators (Guthega, Murray and Tumut) were
modelled for the CRA Benchmarking studies as part of the Snowy region, with VIC_SNO and SNO_NSW
interconnectors linking Snowy with NSW and VIC.

e ———
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Figure6.1 ¢ Unserved Energy Forecast in CRA Benchmarking Model
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As previously discussed, the MPGhis valuewhich achieves a profitable resultrfthe extreme
peaking generator with USE near the Standard The following chart shows the resultant
estimatedMPC for the energy weighted average of the three reghiatoria, South Australia and
Queensland Leaving out NSW from the calculation hasldieffect on estimating the value of
MPCfor the benchmarking exercisas each state can be expected to have a similar MPC at the
level needed to just meet thReliability Standard

T ———
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Figure6.2 ¢ Market Price Cap (Nominal) required to provide profitable returns [CRA]
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6.2.1) CRA Results Comparison

wh! aQa o0SYOKYFNJAYy3I 2F (KS /w! 2dzid2vyS$Sa KI a

the CRR AppendixFigure 6.2 above shows that the ROAM modelling indicates an MPC of
approximately $8,000/MWh over the six years, or approximatelyl F00/MWh in 201611

increasing to $2,000/MWh in 201112. The reasons for this apparent discrepancy have been
identified by canparing the key differences between the CRA modelling and ROAM benchmark.

6.2.2) Marginal Generator Availability

¢tKS I @FLAfFoAfAGE 2F SFOK NBIA2YQEA YINHAYL
generator and the level of USE in the NEM. ROAMubed the generator data from the 2007
ANTS Consultation Report, whialssumesan equivalent availability of peaking generation of
approximately 72%.

Approximately40% additional revenue could be achieved if the marginal generator is perfectly
reliable. This would materially improve the profitability of each generator, and therefeduce
the necessary MPC level to meet the profitability requirements of investors.

If perfectly reliable, the MPC requiregould be significantly lower than that modellethan
shown inFigure6.2 above. Figure6.3 below provides anestimate of the MPC if the marginal
generator is perfectly reliable.
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Figure6.3 ¢ MPCrequiredto provide profitable returns(High ReliabilityJCRA]
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In this case, the MPC necessamyduces to $12,500/MWh in 2011 and $15,000 in
20112012, in close alignment with the CRA findings.

Box1 ¢ CRA Benchmarking:oGclusions

By using the same input data as that used by CRA in its Appendix to the CRR, ROAM has
an outcomein close alignment with the CRA findings, adjusting for a higher generator avail
than thatof the 2007 ANTS Consultation Reporhe TRR Appendix prepared by CRA didstaie
the forced outage rate used for peaking capacity, and therefore it is reasonable to assun
the results obtained by CReay have incorporatedhigh reliability for extreme peaking plal
(while maintainingypicalforced and partial outages on the remaining generation portfolio).

Themodellingmethodology applied by ROAM, although different in approach to CRA, is the
a valid approach for the RSSR modelling.

7) RELIABILITSTANDARIANDSETTINGSEVIEWMOLELLING

This section of the report presents the modelling results and discussions rdtatdte RSSR
assessment.

7.1) RSSRIODELLINGSSUMPTIONS
See the appendices to this repoAgpendix Ajor the RSSR modelling Assumptions.
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The modelling incorporates demand traces which were developed fromhétiehourly2008-2009
financial yeareference load traceising regional energy targets and the regional 10% PoE and
50% PoE demand targets from the 2009 AEMO Demand and Energy Prsjeclibe model
employed contains the five existing NEM regions (i.e.{3o&twy abolition)

The CPRS iisodelledto commence from 3 July 2012, and ROAM has incorporated the effect of
this into the bidding strategies of all existing and new entrant getogsafrom this time. ROAM
has used the CPRSarbon price projections as per tixtober 2008 Low Pollution Futueport
prepared by the Commonwealth Treasurfhe modelledmpact of the CPRS on the bidding of
generators is contained within the appends to this report.

ROAM has used committed, advanced and announced projects when developing the installation
plan for the forecast period, with renewable generators installed to meetREE ROAM has
modelled a single generation planting across botimded PoOE scenarios as the generation
installed by the market would be a single response to a range of weather conditions.
Consequently thdorecast USE is much higher in the 10% PoE case than the PsR4The
extreme peaking generators atherefore much nore profitable in the 10% PoE than 50% PoE.
Hence the spot market earnings of the peaking generators will be highly variable from year to
year, depending on actual weather conditions.

7.2) RSSRUTCOMES

ROAM has conducted the &3modelling by iteratively foreasting each year of the forecast
period, annuallyadjustingthe appropriate level of installed capacity necessary in order to achieve
the Reliability Standard. The MPQhen foundby calculating the profitability of each regional
marginal peaking genator and selecting the MPC level which achieves a marginally profitable
outcome for the plant.

In this way, the Reliability Standard mset on a weighted average basiand the MPC is
determined to be the level which provides sufficient incentivettie market to install only the
level of capacity which is necessary to meet the Standard.

The results of the modelling are shown in the figures below
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Figure7.1 ¢ Annual Unserved Energn RSSRodelling
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Figure7.1 demonstrates that for each year of the modelling peribeé resulting level of USE in
each year igloseto the Reliability Standard of 0.002%. The Reliability Standard is exceeded in
20102011 and 20122012sinceexisting capacityvill bein place todeliver a higher reliability than

the Standard, based on modelling outcomeAs the focus of this report is the 2020213 and
20132014 period, the results for 2012011, 20112012 have therefore been excludedin
calculating the MPC

The modellhg methodology(discussed inSection5) has ensured that each region ikrgely
FOKAS@AY3 GKS nonnw: {0FYyRFNRXZ 3IAaSthe repdtS WaKI
appendicesAppendix A)

Figure7.2 below provides the MPC necessary to provjgt sufficient incentive to new entrant
peaking plantpn anenergy weightedasisacross all NEM regionspthat the Reliability Standard
is achieved.
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Figure7.2 ¢ Market Price Cap (Nominal) required to provide profitable returfRSSR]
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Figure 7.2 shows an MPC of approximately $24,000/MWh would beededto ensure the
Reliability Standards metin the longr term. Fa the modelling period ofprimary interest
(20122013 and 2012014), the MPeededis calculated as approximately2&000/MWh
increasing to approximately28,000/MWh.

ROAM has presented the resultsa weighted average NEM MPC. The NEM MPC is tattak

the average of the required MPC of each region, weighted according to the regional annual
energy. This includes the Tasmanian region, which is an energy limited system and (assuming
hydro availability at peak demand times) natry susceptible to nserved energy eventshis has

been confirmed in the modelling

ROAM hasalso comparedhe relationship between USE and MB@er the full seven year$n
Figure7.3. This showghe appropriate level to set the MPC to ensure might incentive to
encourage adequate new entrant generation would be approximat2®/sp0/MWh over anine
year period
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The Reliability Standard definedto deliver0.002% USE machregionin each yearrather than
weighted across all regionkigure 7.4 shows that there is a relatively wide range across regions
for the study periodas to the estimated MPC to meet thelRbility Standard in that region. The
range is a result of @ombination of complex factors but is particularly associated with the
differences between the shape of the extreme part of edth 3 A 2 Yy @r¥e wheh lpdaking
generators will be dispatchedNew South Wales and Victoria show the need for a higher MPC,
owing to a combination of high overall demand levels and more peaky demands (fewer periods of
extreme weather).
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Figure7.4 ¢ Relationship betwea USE and MPC [RSGRIl RegionsAll Year$
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Box2 ¢ RSSRssessmentLonger term onclusion

ROAM hasound that an MPC of approximately $22,500/MWmisededover the forecast perioi
to ensure sufficient incentive fdhe recovery of capital, fixed and operating costs associated
an extreme peaking gas turbine while meeting the Reliability Standard of 0.002% USE.

7.2.1) A cautious approachGradually increasing the MPC

Figure7.3 and Figure7.4 in the previous section showed the relationship between USE and MPC
over all Monte Carlo simulations for all regions and all years modelled (i.e. betweerl 3Cdd
201819). The primary focus of the current review of the RdliigbStandards and Settings is the
201213 and 201314 period, with decreasing importance placed on the years which follow.

ROAM has analysed the USE versus MPC relationship for each individual year of the forecast
period in order to determine the mosdppropriate value for the MPC for the shorter ternThe
following figures show the 20123 and 201314 relationship. In 201213, the value of MPC is
estimated as $17,500/MWh and in 2012 as $20,000/MWh.
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Figure7.5 ¢ Relationship between USE and MPC [REBHEEM Average; 20123]
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Figure7.6 ¢ Relationship between USE and MPC [REBHEM Average; 20134]
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