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Executive Summary

The Australian Energy Market Commission (the Consinis) is considering a rule change
proposed by the Major Energy Users, which seeksmstrain the contended exercise of
market power by generators in the National Eleyriglarket (NEM). This report responds
to a request by the Commission to apply a hypathkethonopolist test to inform its
consideration of market definition for the purpa$e@valuating concerns about the potential
existence and exercise of market power in the NEM.

Taking the relevant market definition resultingrfréhe application of a hypothetical
monopolist test, we have undertaken a quantitativeparison of estimates of long run
marginal cost (LRMC) of generation with historic elsale spot and indicative contract
prices. The purpose of fund comparison is to assbsther there is any evidence of prices
persistently exceeding competitive benchmark levidtss report presents the results of these
analyses.

Applying a Hypothetical Monopolist Test to the NEM

The starting point for an analysis of competitiarestions is to define the relevant boundaries
within which competition takes place. At the cofenarket definition is the concept of
substitutability, whereby the market establishesst of products, functions and the
geographic area over which there is potential for:

= buyers to substitute from one source of supplyntttzer (ie, ‘demand-side’ substitution);
or

= sellers to switch from one production plan to aroffe, ‘supply-side’ substitution).

Market definition for the purposes of competitiaraysis is typically undertaken by
reference to a hypothetical monopolist test. Tislves identifying the smallest area of
product, functional and geographic space withinclla hypothetical monopolist could
profitably impose a small but significant and noaasitory increase in price (a ‘SSNIP’).

The application of a SSNIP to the generation furmctvithin the NEM is particularly
challenging given the complexities involved witle thperation of generators as they interact
with the physical characteristics and limitatiofishee network. Our approach has involved
the use of a market model, starting with a NEMa@agnd quantifying whether it would have
been profitable for a hypothetical monopolist ovgnail scheduled generation in the region
to have increased prices by 5 per cent above slnotosts. This approach explicitly takes
into account interconnector capacities and constio each of the adjacent regions.

The result of this analysis supports a concludian €éach NEM region is its own market for
the purpose of the geographic dimension of mar&Bnition.

In each NEM region the results show that it wowdadnbeen profitable for a hypothetical
monopolist to have increased prices by 5 per deoveithe competitive level, this highlights
that there was insufficient wholesale generatiath @ssociated interconnector capacity in the
other regions to negate the profitability of thitegy. In other words, connection to
adjacent regions is not sufficient to constraic@rises from increasing the profitability of a
hypothetical monopoly generator in each NEM region.

NERA Economic Consulting iii
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Analysing Whether There is Historic Evidence of the Existence of Market
Power in the NEM

In order to assess whether there is any histoemdence of the existence of market power in
the NEM, we compared observed market prices wiimases of the LRMC of generation.

If observed pricepersistentlydeviate from estimates of the LRMC, this would raat a
deeper analysis to determine whether that deviatemas a consequence of:

» unanticipated market conditions or uncertainties; o
» inaccuracies or uncertainties in the LRMC estinmatitethodology employed; or

= potential existence of market power.

Importantly, because we are interested in enduriagket power, we have compared the
estimates of LRMC against average observed pricesane year.

In our opinion, the comparative analysis of the LRI generation with market price
outcomes supports a conclusion that there is rieace of the existence of market power,
irrespective of whether this analysis is undertakereach NEM region separately or as a
whole.

Our analysis has focused on each NEM region, eXoefiasmania. The Tasmanian region
was not considered because of the difficulty ohobhg appropriate LRMC benchmark
estimates and the unique features of the Tasmaifeatricity market. Indeed, the rule
change proposal recognised that Tasmania is asgpasie and so might warrant either
exclusion from consideration or a different apph)éc

In addition to comparing estimates of LRMC withtbrgc wholesale spot prices, we also
undertook a comparison with wholesale prices aciogifor contracting. The methodology
adopted is an approximation of the likely costémy taking into account assumptions
about broad retailer hedging strategies. Ther@am@mber of limitations with the approach
that has been used, including the uncertainty abcual market contract prices and hedging
strategies. As a consequence, the insights thabearawn from this analysis are
necessarily limited.

The National Electricity Market

Our estimates of the LRMC as compared to obsenaattenprices for the NEM as a whole
are set out in Figure E.1.

! See Page50 and 51, Major Energy Users Inc, (2(R@posed Rule Change to Enhance Generator Ciifopet

Outcomes During High Demand Periods in the NEM'’ dary Partners Pty and Bob Lim &Co Pty Ltd, Novemb
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Figure E.1
National Electricity Market Weighted Average Prices Compared with Long Run
Marginal Cost
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The deviation of observed prices in 2006-07 strpingflects drought conditions across the
NEM, which affected electricity production to vamgi degrees from hydro and thermal plants
because of difficulties accessing cooling water.

Lower observed prices in 2009-10 and 2010-11 likefiect a combination of milder
climatic conditions and increased wind generatiapacity across the NEM.

Queensland

Our estimates of the LRMC as compared to obsenatten prices for the Queensland
region is set out in Figure E.2.

Figure E.2
Queensland Weighted Average Prices Compared with Lo ng Run Marginal Cost
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We observe two years (2006-07 and 2007-08) whecegpexceed the LRMC band. Prices
from around March 2007 occurred during an exterdtedght across eastern Australia that
affected the output of generation in both Queemnisind New South Wales. Specifically, the
availability of cooling water reduced supply capaan Queensland by approximately 10.4
per cent due to the unavailability of Tarong andaBlank from around January 2007.

The low prices in 2009-10 and 2010-11 are likelypéathe result of a number of factors,
including the continuing expansion of generatiopazty, combined with milder climatic
conditions. An additional 8 per cent of capacigswnstalled since July 2009, which is faster
than the growth in demand for the same periodadufition, the estimates of LRMC for these
years are likely to have been influenced by thedfiselatively high new entrant gas price
assumptions, as compared with lower actual gagsric

New South Wales

Our estimates of the LRMC as compared to obsenaettenprices for the New South Wales
region is set out in Figure E.3.

Figure E.3
New South Wales Weighted Average Prices Compared wi  th Long Run Marginal
Cost
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Prices in 2006-07 reflect continuing drought impagon supply capacity and a significant
price event in June 2007, which was the consequaeindeught- induced electricity capacity
limitations, combined with short term electricityopuction restrictions in the Hunter Valley
due to flooding.

The low observed prices in 2009-10 and 2010-1&cefhilder climatic conditions over the
period. The load duration curve for New South Wate2010-11 is lower than every year
over the past five years. This would be expeategduce average prices compared to
expectations based on forecast load.

NERA Economic Consulting vi
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Victoria

Our estimates of the LRMC as compared to obseneattenprices for the Victorian region
are set out in Figure E.4.

Figure E.4
Victoria Weighted Average Prices Compared with Long Run Marginal Cost
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As with New South Wales and Queensland, a periaktg#nded drought that affected
generation production in the Snowy region, New BdWles and Queensland contributed to
the observed prices in 2006-07 being higher tharLRMC band. In addition, bushfires in
January 2007 resulted in a Victoria-Snowy inter@mar outage, while further unanticipated
generation outages in June 2007 also led to peablgh prices and contributed to an
increase annual average price.

Prices in 2009-10 and 2010-11 are considerablyb#ie lower estimate of the LRMC (31
and 47 per cent respectively). Lower prices irsé¢hgears are to be expected because:

= 2010-11 saw substantially less time at high demaondsgpared with all of the previous
seven years, which would have had a significantgdanmg effect on outturn prices; and

= there has been almost 400 MW of new wind generatipacity brought online since
October 2009, which would also have placed downwaedsure on spot prices.

South Australia

Our estimates of the LRMC as compared to obseneattenprices for the South Australian
region is set out in Figure E.5.

NERA Economic Consulting Vil
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Figure E.5
South Australia Weighted Average Prices Compared wi  th Long Run Marginal
Cost
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The results for South Australia differ from the etmegions in that the average price in 2007-

08 is considerably higher than the upper estimiteeoLRMC. This high average annual
price was contributed to significantly by a per@fdl2 days in March 2008 where prices
exceeded $5000/MWh for 26 half hourly periods, \amepresented approximately half the
number of such events for the year.

There appear to be two contributing factors thatdethese high prices, namely:

= South Australia experienced an unprecedented 1heatywave over this period, which
led to record levels of electricity demand; and

= the capability of the interconnector to Victoriahégh price times was the lowest level
observed at these times, thereby limiting eledyritows from Victoria.

High demand combined with unexpected and lower tigical flows from Victoria

contributed considerably to the outturn pricesesghunanticipated events are consistent with

the observed deviation from the LRMC band. Impuia the observed high price in 2007-
08 did not persist once these conditions amelidratesubsequent years.

The low observed price in 2010-11 is likely to beoasequence of lower than typical
demand for most of the year and increasing devedmprof wind generation placing
downward pressure on prices.

NERA Economic Consulting viii
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1. Introduction

This report has been prepared by NERA Economic @ting (NERA) for the Australian
Energy Market Commission (the Commission) to pretsnresult of:

= our application of the hypothetical monopolist testhe generation function within the
National Electricity Market (NEM); and

= our analysis comparing estimates of the long rurgimal cost (LRMC) for wholesale
generation in the NEM with historic wholesale NEpbsand indicative contract prices.

The purpose of our analysis is to inform the Consiniss consideration of a rule change
proposal submitted by the Major Energy Users (MEe MEU rule change proposal seeks
to address concerns that, on days of very high ddnlarge generators are able to cause the
wholesale spot price for electricity to increasenyre than it should by offering prices that
far exceed their costs.

This report follows our earlier reports in thesetters, in particular:

* inJune 2011, we developed a paper describingdieaenic concepts of ‘competition’
and ‘market power’ to develop a framework for asgegthe concerns identified in the
MEU rule change proposalOur earlier paper also considered the appropmiaieket
definition for the consideration of the Rule changed

»= in December 2011, we set out our intended apprtmapply the concepts developed in
our earlier paper to estimate long run marginat l0RMC), calculate average market
prices, and apply the hypothetical monopolist oNEStest®

The analysis reported in this paper was undertagemjoint team involving NERA and
Oakley Greenwood. The analysis included:

= estimating LRMC for each of the years 2005-06 th1202 using the ‘approximate
modelling approach’ set out in section 3.2.2 of paper of 19 December 2011,

= estimating LRMC for 2010-11 and 2007-08 using tKEM market modelling’ approach
set out in section 3.2.1 of our paper of 19 Decear@bé1;

= calculating volume weighted average annual whodespbt prices for each of the years
2005-06 to 2010-11;

= estimating the cost of contracting for each ofytears 2005-06 to 2011-12; and

= applying the hypothetical monopolfstest in accordance with the approach set out in
chapter 5 of our paper of 19 December 2011.

2 Green, H., Houston, G., and Kemp, A., (2011)t&Rtal Generator Market Power in the NEM Report for the
AEMC,NERA Economic Consulting, June.

Kemp, A., Chow, M., Houston, G., and Thorpe,(@011), ‘Estimating Long Run Marginal Cost in thathnal
Electricity Market’,A Paper for the AEMQYERA Economic Consulting, December.

SSNIP stands for small but significant non-treorgiincrease in price.

NERA Economic Consulting 1
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Our analysis focuses on each NEM region excepgh®iTasmanian region. Tasmania was
excluded in part because of the difficulty of adztely modelling hydro generation, which
would be required to estimate appropriate LRMC bemark estimates. In addition, the
original MEU proposal also recognised that Tasméan&special case and should be
excluded from the proposed new rule chahge.

The remainder of the report is structured as fadlow

= section 2 provides an overview of the SSNIP apgr@ax the results of the application
of the SSNIP test to the NEM;

= section 3 describes the two methodologies thatsed to estimate the long run marginal
cost for each NEM region; and

= section 4 sets out the results of our comparisabeérved market spot price and contract
price outcomes to our estimates of long run matgiost for each NEM region.

The appendices provide further details on the aptons used to estimate LRMC.

5  See Page50 and 51, Major Energy Users Inc, (2(A@posed Rule Change to Enhance Generator Ciiopet

Outcomes During High Demand Periods in the NEM'’ deary Partners Pty and Bob Lim &Co Pty Ltd, Novemb
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2. Applying a Hypothetical Monopolist Test to the NEM

This chapter describes the results of the apptinaif a hypothetical monopolist test to the
NEM. Before presenting the results, we brieflyatiése the approach used and, in particular,
how it has been applied in practice. Further tletathe methodology can be found in our
earlier papers.

2.1. Overview of the approach

Market definition is the process of establishing talevant boundaries within which
particular questions concerning competitive condact be evaluated and assessed. At its
core is the concept of substitutability, whereby mmarket establishes the set of products and
functions and the geographic area over which tlsetiee potential for:

= buyers to substitute from one source of supplyntifzer (ie, ‘demand-side’ substitution),
or

= sellers to switch from one production plan to arofife, ‘supplyside’ substitution).

The relevant market is the smallest area of produnttional and geographic space within
which a hypothetical profit maximising monopolistutd successfully impose a small but
significant and non-transitory increase in pricéS@NIP’). The SSNIP involves:

‘... considering the product, geographic and funalareas of supply by the firm
whose conduct is in question. One then asks whathgpothetical monopolist
could profitably impose a SSNIP on those productsally of between 5 and 10 per
cent above the price level that would apply underdiions of workable competition,
and assuming that the price of all other produsnsain constant.’

Where the SSNIP is not profitable, the geograpbigridaries of the market can be widened
and the exercise repeated until a product and gpbgr area has been identified where the
hypothetical monopolist is capable of profitablgreasing prices.

2.2. Applying the SSNIP

Applying a SSNIP to wholesale generation markepaisicularly challenging given the
complexities involved with the operation of the Retras it interacts with the physical
characteristics and limitations of the network.isTis particularly relevant for the NEM,
given that wholesale market spot prices are basdteooutworking of generator bids and
demand given network constraints, for every 5 nardispatch period, which is then
averaged to determine a 30 minute settlement price.

In our previous reports we have expressed our @pittiat’

5 Page 34, Green, H., Houston, G., and Kemp, @11}, ‘Potential Generator Market Power in the NEM'Report for

the AEMCNERA Economic Consulting, June.

NERA Economic Consulting 3
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= the product dimension can be defined with refereadbe type of plant used to supply
electricity, which is itself a homogenous produtd

= the functional dimension can be confined to eleityrigeneration (ie, it should not be
expanded to incorporate electricity retailing).

The geographic dimension of the market involvessatering an assessment of the locations
over which it would be profitable for the hypottoeti monopolist to increase prices by 5 or
10 per cent. As a starting point for the analysis have applied a SSNIP to a hypothetical
monopolist operating all of the scheduled genenatighin a NEM region.

Applying the SSNIP to NEM, for the purpose of idgmhg the geographic dimension of the
market therefore involves:

» jdentifying the smallest relevant product, geograj@md functional areas of supply for
consideration (in this case starting with a NEMioag

= calculating the optimal dispatch across the enNEd for each half hour in the one or
more years in which the SSNIP is to be appliedjragsy that plant is offered to the
market at its short run marginal costs (the base caassumed competitive price level);

= recalculating the optimal dispatch across the @eNEEM for each half hour in the one or
more years in which the SSNIP is to be appliedjragsy that plant in the relevant region
is offered to the market at its short run margowt plus 5 per cent, and taking account
of changes in interconnector flows as a consequeihcikanges in “costs” of the
hypothetical monopolist;

= calculating the market price applying under eacthefdispatch scenarios for each of the
two short run marginal cost scenarios describedakie, the base case short run
marginal cost, the base case plus 5 per &ent);

= calculating the gross margin for the hypotheticahopolist under each of these market
price/dispatch scenarios, based on energy seffitasatthe monopolist’s plants; and

= comparing the gross margin under the plus 5 pdrsmmario with that applying under
the base case to determine whether the SSNIPsclr&ble.

Importantly, this approach abstracts from the tiealiof the market in that the outturn prices
reflect the short run marginal costs of supply, aadnvolve no allowance for the capital
costs to be recovered, particularly those from pepgenerators. Estimated prices may
therefore differ from observed spot prices. Howetlee intrinsic conservatism of this
approach also means that the estimated pricesiatilbe affected by the cellophane falldcy.

" Page 40 and 50, Green, H., Houston, G., and K&m§2011), ‘Potential Generator Market Powerhia NEM’, A
Report for the AEMONERA Economic Consulting, June.

The test was applied using 10 POE demand legedagure that the estimated gross margins apptelyriacluded
some dispatch of peaking capacity.

The cellophane fallacy arises where the boundhaymarket may be inappropriately expanded asaemuence of the
SSNIP being applied to prices that are alreadyctdteby one or more firms exercising a degree oketgpower..

NERA Economic Consulting 4
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To conduct the empirical analysis for the SSNIPhaee used a market optimisation model —
CEMOS - which is a model of wholesale electricitgrket that has been set up to represent
the regions of the NEM. We have used CEMOS tordete the least cost dispatch of
generation plants to satisfy energy demand reqeinésnn 2010-11, which was the year
selected for application of the SSNfP.

Our key assumptions for the SSNIP include:

= the forecast load profile for 2010-11, for each NE#gion;
= the actual installed capacity in 2010-11, for el&M region;

= generation fuel prices reflecting the assumptiengetbped by the Australian Energy
Market Operator for 2010-11, for each NEM regiomd a

* no change in investment in non-scheduled generatigmn the price is increased.

The SSNIP was applied in the CEMOS model by inéngathe SRMC of each generator
within the portfolio of the hypothetical monopolgperating in the region being considered.

The CEMOS model was used to generate both a baserepresentative of a competitive
market price where generation is bid at its shamtmarginal cost, and a 5 per cent price
increase scenario for each NEM region in turn. gditwss margins for generation for the 5
per cent scenarios were compared against the hasda@ determine whether the price
increase strategy was profitable.

2.3. Conclusions on the geographic dimension of the market
Table 2.1 sets out the results of the SSNIP aseapfi each NEM region.

Table 2.1: Results of the SSNIP for each NEM region

NEM Region 5 per cent increase
Queensland Profitable
New South Wales Profitable
Victoria Profitable
South Australia Profitable

The empirical results support a conclusion thahedEM region is its own market for the
purposes of the geographic dimension of markendiefin. The empirical results highlight
that there is insufficient wholesale generation assbciated interconnector capacity in other
regions to defeat the SSNIP in each region, armbsoection to the adjacent regions is not

10 2010-11 was chosen simply because it represémteniost recent information available on existiegeration capacity

and demand.

NERA Economic Consulting 5
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sufficient to constrain prices. However it is innfamt to note the results of the SSNIP test do
not provide any insight on the need for additiangrconnector capacity.

The detailed results indicate that the SSNIP irSbeth Australian region results in the
largest increase in gross margin as compared taphkcation of the SSNIP in each of the
other regions. Victoria has the smallest increagbke gross margin as a consequence of the
imposed SSNIP.

It is important to emphasise that a result of ‘padfle’ from the SSNIP test only defines the
market boundary for an assessment of market poleloes not provide any insight on
whether there is evidence of market power, as aidit by prices above the competitive level.

1 This is because the SSNIP test is only relevamna fconsideration of market definition. It does assess

interconnector costs, and while additional interemtion investments might change the results ofebi additional
interconnection may not be the most cost effectisg address demand changes.
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3. Methodology for Estimating Long Run Marginal Cost
We have adopted two methodologies to estimate LRdM@ach NEM region, namely:

* a methodology that estimates LRMC with referencihéoleast cost combination of
generation to satisfy demand in the year beingsitigated — the average incremental cost

approach; and

= a market modelling approach that makes use of &ehaptimisation model to estimate
LRMC using a perturbation approach — the pertuopatipproach.

We have used the average incremental cost apptoastimate a LRMC range for each
NEM region for each year over the period 2005-08ab0-11. The market modelling
approach has been used to estimate LRMC for eadh t¢gion for both 2007-08 and 2010-
11. While the perturbation approach implementeith wimarket model is expected to best
represent the LRMC given its capability to accdenthe many factors that influence the
profile of investment and dispatch, it was not ficat to apply the methodology for every
NEM region and historic year. The average incramierost approach has allowed us to
understand the potential range of the LRMC for egedr over the five year historic time
period.

The average incremental cost LRMC estimates arsistemt with the perturbation approach
estimates for all regions for both 2007-08 and 2010 This indicates that the range
estimated by the average incremental cost apprisacheasonable approximation and the
range would likely encompass the perturbation egsin other years,

This chapter explains the methodologies that haen lused to estimate LRMC in detail. In
addition we explain our approach to calculatingdkierage historic wholesale spot and
contract prices. A more detailed explanation esthmethodologies can be found in our
earlier papet? The modelling assumptions are set out in Apperslit and B.

3.1. The average incremental cost approach

The average incremental cost approach has beeanmepked by estimating the LRMC by
determining the least cost combination of genematipacity to satisfy a load duration curve
for a NEM region in a particular year, given infation on new entrant technology costs.
This approach assumes that existing capacity esdyr optimal, and that future demand is
constant and with no change to the load profile.

This approach involves:

= calculating the least cost combination of new enttgeneration capacity to satisfy
electricity demand within a given year and region;

12 See in particular Kemp, A., Chow, M., Houston, &d Thorpe, G., (2011), ‘Estimating Long Run MaafjCost in
the National Electricity Market’A Paper for the AEMQYERA Economic Consulting, December.
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= applying an increment to the electricity demand wewdlculating the least cost
combination of new entrant generation capacityatsf/ the new load profile within the
given year and region; and

= estimating the LRMC as the difference in the co$tsew entrant generation divided by
the increment in electricity demand.
Algebraically this can be expressed as:

Ger,., —Gerl
LRMC, ., =

year Incremen

year

Where:

» Genlearis the total cost of generation to satisfy demiarttie relevant year;

* GenZearis the total cost of generation to satisfy demiarttie relevant year following an
increment in demand;

* Increments the permanent increment in demand that is epgpb the load profile; and

= year,is the year for which the LRMC is being estimated.

This approach is computationally simpler than teaded market modelling approach, but
has a number of deficiencies, namely:

* it assesses investment region-by-region and yegehy and so misses the potential for
inter-regional generation capacity support to ojstinthe timing of investments;

» it presumes that generation investment is compleli®isible so that demand can be
optimally satisfied;

» it approximates an optimal, existing investmenfigdy assuming that new entrant
generation has been constructed and is availalsiatisfy known demand within the
period with certainty; and

» jt does not take into account expected future gnawidemand and the particular way in
which changes in demand relative to existing capaway influence LRMC.

For the purposes of applying this methodology wetéd new entrant technologies to open
cycle gas turbines (OCGT) and closed cycle gasrtes(CCGT). The new entrant
assumptions are based on information developetthéAustralian Energy Market Operator
(AEMO), and are set out in Appendix*A.

13 For example, it might be possible to delay invesit in higher cost generation technology for atsheriod by

relaying on increased inter-regional electricigwk.

14 ACIL Tasman, (2007), ‘Fuel Resource, New Entrgl &eneration Costs in the NEM Report 2 — Data and
Documentation’Final report prepared for NEMMCQJune, and ACIL Tasman, (2009), ‘ Fuel Resouraay Entry
and Generation Costs in the NENfinal Report Prepared for the Inter-Regional PlamgiCommitteeApril.
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We also calculated a range for the LRMC to refigatertainty in the cost and cost of capital
assumptions. The upper cost reflects both a highaf capital (ie, weighted average cost of
capital) and high capital construction cbst.

Importantly, this methodology does not explicithciude the influence of the renewable
energy target on the profile of investment, and@es not examine the impact of wind
investments on the estimated LRMC nor does it aflmwncreased transfers from other
regions. We anticipate that this results in theviRestimate being higher than would be the
case if the spot market cost of wind (ie, new emtcasts less the contribution to revenue
from the creation of renewable energy certificateg] inter-regional transfers were explicitly
included in the methodology.

3.2. The perturbation approach

The perturbation approach has been implementedanitiarket model to estimate LRMC for
both 2007-08 and 2010-11 for each NEM region. pérurbation approach estimates
LRMC by considering how future capital and opemgtiosts vary as a consequence of an
increment or decrement of demand. It involves:

1. Forecasting average annual and maximum demandlestee by the anticipated load
duration curve over a future time horizon of, 2y years;

2. Developing a least cost program of generation dgpagpansion that ensures that supply
can satisfy demand, given the reliability standardeserve margin;

3. Increasing or decreasing forecast average andéi gemand by a small but permanent
amount and recalculating the least cost generatists needed to meet demahdnd

4. Calculating the long run marginal cost (LRMC) as fliesent value of the change in the
least cost capital program plus the change in tipgraosts, divided by the present value
of the revised demand forecast compared to thalidiémand forecast.

Algebraically, the perturbation approach to estinggt RMC can be expressed as follows:

PV(revisedptimalcapexplusopex—optimalcapexplusopex)
PV(reviseddemand-initial demand)

LRMC =

We use a market optimisation model to developehasticost program of generation capacity
expansion to ensure that supply satisfies demdhd. market optimisation model:

» assesses generation entry and exit given announsseglant and retirement schedules to
ensure there is sufficient capacity to satisfy gpelemand, given minimum reserve
requirements and any other constraints; and

15 The range for the cost of capital was relativedyrow: plus and minus 2 per cent relative to $sumed cost of capital.

16|t is important to consider how increments orrdetents in both peak and average demand infludwrckiture

capacity plan, since these could result in a difiecombination of generation plant investmentsatisfy demand at
least cost.
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= determines the least cost dispatch of generatemphcross the NEM to satisfy energy
demand requirements.

Particular features of the market are capturetiémtodelling framework through the use of
constraints to the optimisation problem. For exnwe constrain the generation capacity
formulation to ensure that a minimum level of reable generation is available in the market
in line with the requirements of the large-scaleergable energy target.

There are a number of particular features of thdetiimg that are relevant to estimating
LRMC, namely:

= both 2007-08 and 2010-11 assumed that a priceorcavould be introduced at a level
and timeframe based on the expectations at the tiMe note that the LRMC is likely to
be affected by expectations about future carbarepriwhich influence investment
choices and also the cost of incremental dispatcheet the increment of demand. This
means that any deviation from our assumed carbioa prpectation assumptions would
result in the modelled estimate being higher thaseoved,;

» the model selects new generation capacity entrgdbas the most cost effective
combination of capacity to satisfy demand and ciépaeserve requirements over the full
modelling time horizon. This means that the mddel perfect foresight. In practice,
other factors are likely to influence generatiomeistment decisions such as policy
uncertainty, discount rates, appetite for risk, eadainty of timing of planned
retirements. Annual generation from wind plantsased on an annual capacity factor (as
per the AEMO database) but dispatch during pealbogeis limited to three per cent of
total installed wind capacity to reflect its lonentribution to peak capacity. The impact
of an increment of demand was assumed not to chthedevel of renewable investment
on the basis that renewable investment in the gerianterest is driven by external
targets;

= there are no other limitations placed on generatispatch, which means that some
thermal plants that currently have take or pay teeitracts, or which operate for
minimum system loading requirements may in pradieee lower dispatch than seen in
the modelling. This removes the need for us tarasshow long these factors may
influence dispatch. While this is an approximatias the focus of our analysis is to
assess changes in capital and operating expentiitunea change in demand the base
level of dispatch is not critical provided the teofogy mix is approximately correct;

= gas prices are assumed to be independent of chamigss$alled gas generation capacity,
and so do not change as generation capacity changes

= we have assumed an increment of 5 per cent ofmabaemand for the purposes of
calculating the LRMC and considered the sensitioftthe LRMC results to the choice of
increment; and

= for the purposes of this analysis the capacity egijom profile was based on an expansion
plan that considered market bids and profitabilithe effect of the capacity expansion
increments on market prices were then assessegl asgast cost based approach and
assumed “SRMC bidding” combined with 10 per cewbpability of exceedence (10
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POE) demand forecasts. This approach was compagggdst a full probabilistic market
based bidding strategy approach and was foundliteedsimilar estimates of the LRMC.

Appendix B sets out the detailed modelling dat assumptions used in the analysis.
3.3. Average historic wholesale spot price

Average volume weighted historic wholesale spatgwihave been calculated for each year
over the period between 2005-06 and 2010-11, foh eegion. The weighted averaging of
spot prices involves summing over each tradingogettie volume of energy dispatched
multiplied by the regional reference price, anchtdeviding by the sum of dispatch over the
relevant period. Algebraically:

> I,RRP
RRRoume= =

|
n

2
i=1
Where:

*  RRRoume is the load weighted mean of the regional refezaraxle price;
» |jis the load dispatched in settlement period

* RRRs the regional reference node price in settlerpenibdi; and

* nisthe number of settlement periods that are baisgaged.

3.4. Impact of contracting

In addition to wholesale spot prices, we have atsopared estimates of LRMC with
wholesale prices accounting for contracts. Inabgsence of detailed public information on
actual outturn contract prices, we have used inddion on contract prices as traded through
the Sydney Futures Exchange and reported by d-dypHa.

Our approach to estimating average contract pfares specific year has involved
assumptions that:

= retailers use a combination of base and peak aistta meet the actual peak demand in
a quarter,

= retailers choose the combination of base and pesatkarts to minimise total cost of
providing electricity subject to the peak contreehstraints (ie, peak contracts are
available only during the defined peak period);

= where there is excessive demand for base confiacisis cheaper to use base contracts
to cover peak periods), the number of base costeret constrained by the amount of
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base load capacityand an allowance for planned maintenance (ie, 8dlger cent of
base capacity will be contracted out to reflectlikely limits on contracting to cover
plant failures. In practice contract limits areelly to be based on portfolios across
multiple generators and so this is another soure@proximation in the analysis);

= peak and base contracts to meet actual demandianigaged in each of the four years
prior to the specified yedf:

= the price for the base and peak contracts is barséide arithmetic average of the
settlement prices of base and peak contracts;

»= $300/MWh cap contracts are purchased to cover epgsidt risks to a retailer, and so
cover the difference between the 10% POE and 50%fBf@Easts for the peak period
only; during off-peak, retailers purchase additi@raergy from the spot market when
needed to meet demand above the contracted 50%\Wi@E&he price capped to
$300/MWh); and

= the price for the $300 cap contracts is based emtithmetic average of the settlement
prices of cap contracts.

Algebraically:

AveContrad, ., = 24: [25%>< (P Pr(x) x PCy(,_n)r(x))+ (PBr(x) XBCynyrix )]

n=1

4
+Y" [339x (((PLIZSTO" - PLEZSE ) PLSF) x CC i )]
n=1

where:

= AveContracis the average contract price for ye&or regionx;
= PPis the proportion of peak load in 2005-06 for ceux;

= PCis the arithmetic average of the settlement prioepeak contracts in ye&n for
regionx;

= PBis the proportion of base load forecast in 2005edGegionx;

= BCis the arithmetic average of the settlement prioebase contracts in ye&n for
regionx;

= [Cis the arithmetic average of the settlement prioestermediate contracts in yean
for regionx;

= PLis the 10% and 50% POE peak load forecast in 2@0®+0regionx; and

17 We have defined base load capacity as theitwtgllled capacity of black and brown coal in eliéiV region with the
exception of South Australia where we have includethbined cycle natural gas and an assumptioruthad 800 MW
of gas fired steam plant will also be availableemiohse contracts.

18 The d-cyphaTrade data was limited in the eayiars and so the weighting factors across years adusted

according to the availability of data (e.g, if thrgears of data were available, we used 11.3 pgrtaceover each year).
Notably, only three years of historical cap cortaices were available for each year.
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= CCis the arithmetic average of the $300 cap pricérachin yeat-n for regionx.

Our analysis has been based on NEM region demanfitegr We also assume sufficient
volume is available at these prices to meet demavie.have developed the volume in
contract portfolios and prices on a quarterly basisrther, the period for which contract data
has been available also covers a period of coraitkepolicy uncertainty, which investors
claim to have inhibited investment decisions articed liquidity of contracting.

Importantly, this methodology is simply a rough epgpmation of the possible cost of energy
taking into account assumptions about hedgingegjiras. There are a number of deficiencies
with this approach, including:

» the d-cyphaTrade data do not include informatiotbitateral contract prices and so
might not reflect the actual contract prices far freriods considered,;

= the number of base load contracts available has &egroximated using a crude
approach. However, in the event where base cdstese needed to satisfy demand in
off-peak periods, we have assumed that retailersialle to obtain sufficient contracts to
satisfy their requirements; and

» individual hedging strategies in practice will ydor individual retailers and generators,
and so our approach of using an average marketrigedtyategy may not be equivalent
to the sum of the hedging strategies of each iddadi entity.

As a consequence the inferences that can be drawnthe analysis of contract prices are
limited and that the focus of comparison shoul@ddainst spot prices. We discuss this
further in section 4.7.
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4. Comparing LRMC with Market Outcomes

This chapter sets out the results of our compamdaiserved market spot prices and
contract price outcomes.

4.1. Overview of the results

Comparing actual market prices with estimates efltRMC provides information to assist
with an analysis of market power in the wholesa&ragation market. If observed prices
were topersistentlydeviate from estimates of the LRMC, then suchlaseovation would
warrant a deeper analysis to determine whether deciations:

= are simply a response to unanticipated changesdarlying demand and supply
conditions, and so are representative of a welttioning market providing price signals
to equate supply and demand in the short termcegate incentives for new investment
in the medium to long term;

» reflect inaccuracies and uncertainties with theisggions underpinning the estimates of
LRMC,; or

= whether the only explanation is potential existeoicamarket power.

In particular, estimates of LRMC are based on ag$iams about the future that involve
‘typical’ or ‘average’ market conditions, eg, foemerator failure rates and customer demand.
Such an approach does not account for unexpectads\such as floods, droughts, bushfires,
multiple failures and network condition, and doesincorporate every possible combination
of demand. While subsets of these factors can alysad for particular purposes, it is
impractical to determine the, generally very longhabilities of all different combinations

over the long term. As a result our results cary ¥leom forecast and historic prices and,
realistically, differences can only be reconciledaocase by case basis.

Importantly, observing deviations between actuelgsand LRMC is not in and of itself
sufficient to conclude that there is evidence ofkatipower. Given the uncertainties
involved, such a mechanical approach would be irgpfate. All of the circumstances
affecting observed market prices should be takiEndansideration.

Our analysis of LRMC compared with spot and cortraarket outcomes supports a
conclusion that there is no evidence of market powéis conclusion holds irrespective of
whether the NEM as a whole, or each NEM regiotrgiated is a market for the purposes of
market definition.

The conclusion on market power arises because:

= across the NEM as a whole, there is only one y@06-07) where the observed actual
NEM-wide price exceeds the LRMC range and thereaarember of reasonable
explanations for the deviation relating to the pibrng demand and supply conditions
arising at the time;

= within all the individual regions, prices are netrgistently above the LRMC range;

= there are plausible reasons for each instance vgmee exceeds the LRMC range; and
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= there are plausible reasons to explain the obsenvtitat price is below the LRMC range
in 2009-10 and 2010-11.

Finally, across the NEM in its entirety wholesatees have been trending down relative to
LRMC. Such an outcome is unlikely to be viablettoe wholesale generation industry,
which will likely mean that spot prices can be extpd to grow over the medium term, in
addition to the carbon price impact, as prices netwsely align with the LRMC of electricity
production.

Importantly, LRMC is a forward looking and longrierconcept, and so it is appropriate to
compare it against average observed prices owasonable time period. For this study we
compared prices each year but, even then, outcamasfluenced by year-to-year variations,
such as warmer or cooler seasons, and eventsaihdast for extended periods of time. We
have reconciled these variations on a case-bywzsie in the analysis. It follows that
comparing estimates of LRMC against observed mamkegs over shorter periods does not
provide any insights on whether there is evidericaarket power.

4.2. The National Electricity Market

One view of the relevant market boundary that shdel considered when examining prices
is the NEM as a whole. This first section revieMEM-wide prices and subsequent sections
examine each region in turn.

Across the NEM as a whole outturn prices in 2006v@ve above the upper LRMC estimate
on average. Prices fell within the range for 20852007-08 and 2008-09. Prices were
below the lower estimate of the LRMC for 2009-1@ 2010-11 — Figure 4.1 and Table 4.1.

Figure 4.1
National Electricity Market Weighted Average Prices Compared with Long Run
Marginal Cost
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Table 4.1
Long Run Marginal Cost and Spot Prices for the Nati  onal Electricity Market
($/MWh)

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11

LRMC (average incremental

cost)
- upper bound 51.6 52.8 54.8 57.7 74.7 75.3
- lower bound 38.8 39.7 41.3 43.3 55.5 56.1
Volume weighted spot price 39.2 61.7 53.8 45.3 46.9 36.6

An analysis of the observed differences in the LR&Bmates and observed prices is set out
for each NEM region in the following sections. simort:

» in 2005-06, prices reflected the underlying demamnd supply conditions across each
NEM region, as a typical year;

= high prices in 2006-07 were associated with droadfieicting electricity production to
varying degrees from hydro and thermal stationp&@cting on availability of cooling
water). The resulting reduced supply capacity dostbwith a number of weather events
meant that prices would be expected to be consiieadove long run average
conditions;

= prices in 2007-08 were down on 2006-07 but remaimegd consistently with drought
continuing to restrict supply, which resulted iglniprices, for example in Queensland.
Regardless, prices fell to within the estimatedyeaaf LRMC across the NEM as a
whole;

= prices in 2008-09 were lower and within the LRM@ge;

= prices for 2009-10 and 2010-11 are below the laxetimate of the LRMC (average
incremental cost), which likely reflects:

— less time spent at periods of high demand whit¢b i expected given the overall
relatively milder weather;

— increased wind generation capacity, resulting ppsessed wholesale market prices
(albeit at the expense of retail costs); and

— lower than expected gas prices, particularly in€nséand likely associated with the
presence of ‘ramp gas’, leading to lower spot grice

The following sections explain these results iragge detail.
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4.3. Queensland
4.3.1. Overview of results

Actual electricity spot prices for the Queenslaagion exceeded the upper bound of the
LRMC range in both 2006-07 and 2007-08, but welteva¢he range for the remaining years,
particularly for 2009-10 and 2010-11. Indicativantract prices are within the bound
between 2005-06 and 2008-09 but are below the rimigbe remaining years —Figure 4.2,
Table 4.2.

Figure 4.2
Queensland Weighted Average Prices Compared with Lo  ng Run Marginal Cost
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Table 4.2

Long Run Marginal Cost, Spot and Contract Prices fo  r Queensland ($/MWh)

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11

LRMC (perturbation) - - 50.9 - - 67.1
LRMC (average incremental
cost)
- upper bound 49.5 515 52.4 54.3 75.2 73.6
- lower bound 371 38.5 39.4 40.6 55.9 54.8
Volume weighted spot price 314 57.2 58.1 36.3 37.4 33.9
Average  region  wide 43, 44.4 48.0 53.1 51.7 53.7
contract price
4.3.2. Historic price and demand information

To understand the differences between observedpsiges and LRMC for a year it is
necessary to consider the price levels within ey Figure 4.3 sets out the volume
weighted average quarterly prices for the Queedsiagion from the September quarter
2006 to June 2011. The June quarter of 2007 repteshe highest price, followed by the
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March quarter of 2008. The ramp up of prices a@xuifrom the March quarter in 2007 and
extended until June 2008. The observed prices thendune quarter of 2010 to December
2010 represent the period with the lowest price.

Figure 4.3
Quarterly Volume Weighted Prices, Queensland ($/MWh )

140

120

B A

. [~ O\ ~_ )\
N —~ \__/\

$/MWh

0
248838248828 2835358288358288582885
zoos‘ 2006 ‘ 2007 | 2008 ‘ 2009 | 2010 ‘zo11|

The high prices in 2006-07 and 2007-08 were driwemore occurrences of very high prices
and higher overall prices when compared with oylears. The price duration curves (Figure
4.4) highlight that both 2006-07 and 2007-08 haadkscsiently higher overall prices when
compared to the other years. The number of pendase prices exceeded $5000/MWh in
2006-07 and 2007-8 were also higher when comparether years - Figure 4.5.

For the years 2006-07 and 2007-08, the price duratiirves (Figure 4.4) show that both
years had consistently higher overall prices whammared to the other years including the
incidence of prices in excess of $5,000/MWh.
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Figure 4.4
Queensland Price Duration Curves, 2003-04 to 2010-1 1
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Figure 4.5
Frequency of Half Hourly Price exceeding $5000/MWh,  Queensland, 2003-04 to
2010-11
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Demand does not appear to play a significant rotbe high prices observed in 2006-07 and
2007-08, or the low prices that appeared in 200906mand followed broadly similar
patterns within each year except for 2010-11, whkleraand was lower than trend — Figure
4.6. Peak demand for 2006-07 and 2007-08 areli®thw the peak demand observed in
2009-10 and 2010-11, with 2007-08 peak demand btieveverall trend - Figure 4.7.
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Figure 4.6
Queensland Load Duration Curves, 2003-04 to 2010-11
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Figure 4.7
Queensland Peak Load (MW)
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4.3.3. Discussion of results

There are several circumstances that suggest @toesd have been higher than the long run
trend in 2006-07 and 2007-08.

The high prices from March 2007 cover a periodxtéeded drought that affected the output

of a number of large generators, mostly in Queewistsnd New South Wales, and the
availability of hydro generation.
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The reduced generation capacity would be expeotésht to increased prices above the
LRMC estimates based on average conditions. Inqodat the drought impacted on the
availability of cooling water to Tarong (reductioh700 MW or 6.4 per cent of total installed
capacity) and Swanbank (reduction of 480 MW orpkdcent of total installed capacity)
from around January 2007.

Looking in more detail at the price duration curitds evident that the annual higher prices
in 2006-07 and 2007-08 were driven by higher prax@®ss much of the year at most levels
of price. At the high end, 2006-07 and 2007-08 &digher number of occurrences with
prices above $5,000/MWh — Figure 4.5 and Figure i.&ddition, the overall price levels
were higher in 2006-07 and 2007-08 with price carying above both earlier and later
years — Figure 4.4. This is consistent with a teragy reduction in base load capacity.

Figure 4.8
Highest half hourly prices — Queensland

12000

10000

8000 —\

o | O
N\,

N~ _

0 LIS |

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88
Half hour period
=—2006-07 2007-08 ==—=2008-09

$/MWh

4000 -

2000

2009-10 2010-11

A number of events in 2006-07 and 2007-08 conteignificantly to the high levels of
spot price and were caused by abnormal conditi@etween 12 June and 28 June 2007, a
combination of Queensland recording its highest eweter peak on 20 June, the reduced
availability of Tarong and Swanbank, and constréigeneration capacity as a consequence
of wet coal, due to flooding in the Hunter ValleyNlew South Wales impacting prices
across both New South Wales and Queensland cotstdta prices exceeding $5000/MWh
on 12 occasions across the year. The capacitgtieds represented between 9 per cent and
22 per cent of installed capacity not being avédaturing the period.

Prices were also high in the March 2008 quart&08f7-08 as drought continued to affect
generating capacity. Two relatively short liveagpts caused by lightning in February and
March also contributed to the high prices observed.

NERA Economic Consulting 21



Benchmarking NEM Wholesale Prices Comparing LRMC with Market Outcomes
against estimates of LRMC

Finally, observed prices in 2009-10 and 2010-11caresiderably lower than the lower bound
of the LRMC range (33 and 38 per cent respectiy@lgiticularly away from peak. There are
a number of possible explanations for this obsedrfdrence, namely:

= outturn gas fuel prices in Queensland might beidenably lower than the assumptions
that have been used in our analysis, which has b&sed on fuel price assumptions
developed for the AEM8. Specifically, we have assumed that gas is pritetw
entrant fuel costs of $5.17/GJ in 2009-10 and $&J33n 2010-11, which is a growth of
58 per cent compared to 2008-09. We anticipateiftigas prices had been kept at 2008-
09 prices, then the lower LRMC estimate would hialen to $42.7/MWh. Lower gas
prices likely reflect continued availability of etively cheap ‘ramp gas’ associated with
the development of LNG facilities in Queenslandj an

= continuing expansion in generation capacity wittadditional 1,031MW of CCGT and
OCGT investment (approximately 8 per cent of totatalled capacity) since July 2009.
This is considerably faster than the growth in dednlaut is typical of the lumpy
investment pattern in the industry.

Overall, periods of prices higher than LRMC benchteavere associated with conditions
that would be expected to give rise to fuel outcered were also not sustained in later years.

4.4. New South Wales

4.4.1. Overview of results

Actual electricity spot prices for the New South [égaregion are observed to exceed the
upper estimate of the LRMC range in 2006-07. Rerremaining years, prices are either
within the lower estimate of the range, or below tange for 2008-09, 2009-10 and 2010-11
— Figure 4.9, Table 4.3. Indicative contract sieee within the estimated LRMC from
2005-06 to 2010-11.

19 ACIL Tasman, (2009Fuel Resource, New Entry and Generation CostsarNBEM April.
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Figure 4.9
New South Wales Weighted Average P?’ices Compared wi  th Long Run Marginal
Cost
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Table 4.3
Long Run Marginal Cost, Spot and Contract Prices fo ~ r New South Wales
($/MWh)
2005-06  2006-07  2007-08  2008-09  2009-10  2010-11
LRMC (perturbation) - - 51.1 - - 65.7
LRMC (average incremental
cost)
- upper bound 53.2 54.0 55.9 58.7 77.4 78.3
- lower bound 39.8 40.5 42.0 43.9 57.4 58.2
Volume weighted spot price 43.0 67.3 44.6 42.8 52.4 431
Average  region  wide g4 48.4 50.8 58.3 59.4 60.1
contract price
4.4.2. Historic price and demand information

Figure 4.9 sets out the historical volume weigteeerage quarterly prices for the New South
Wales region from the September quarter 2005 te 2011. The June quarter of 2007
represents the highest price, followed by the Ddmarmquarter of 2009.
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Figure 4.10
Quarterly Volume Weighted Prices, New South Wales (  $/MWh)
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The price duration curves (Figure 4.11) highlidiatt2006-07 was an unusually high priced
year. The high prices in 2006-07 were driven leydhtcomes in the June 2007 quarter,
which had an average weighted price of over $140MW addition, 2005-06, 2006-07 and
2009-10 all had significant numbers of instances wrice above $5000/MWh but only
2006-07 had an annual price above the LRMC bendhmé&igure 4.12. Indeed, 2009-10
had a result falling below the LRMC benchmark range

Figure 4.11
New South Wales Price Duration Curves, 2003-04to 2 010-11
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Figure 4.12
Frequency of Half Hourly Price exceeding $5000/MWh,  New South Wales, 2003-
04 to 2010-11
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Demand alone does not explain the observed higimrspin 2006-07. The profile of
demand in 2006-07 was broadly similar to other yeaFigure 4.13. In addition, peak
demand has grown steadily over the period to 2018-Eigure 4.14.

Figure 4.13
New South Wales Load Duration Curves, 2003-04to 20 10-11
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Figure 4.14
New South Wales Peak Load (MW)
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4.4.3. Discussion of results

There are two circumstances that suggest price806-07 would be higher than the long run
trend, namely:

= continuing drought over the period impacting ongygapacity; and

= a significant price event in June 2007, resultimgrf a combination of high winter
demand combined with restricted supply capacitytdugrought, and short term
electricity production restrictions in the Hunteally due to localised flooding.

This caused the volume weighted spot price in 229 to be significantly higher when
compared to other periods. Indeed, the monthlymel weighted average price in the month
of June was $272/MWh and had 17 half hours whdaoe gxceeded $5,000/MWh.

These are similar conditions to those affectinggsiin Queensland over the same period,
although New South Wales prices fall prior to Qusand.

Observed prices in 2009-10 and 2010-11 are lovaar the lower estimate of the LRMC
range (9 and 26 per cent respectively). The laadtibn curve for New South Wales in
2010-11 is lower than every year over the pastyaa@s, suggesting that load was generally
lower across most periods compared to earlier yeigure 4.13. This would be expected to
reduce average prices when compared to expectdtase on forecast load.

Finally, for the remaining years actual pricestasards the lower estimate of the LRMC
range. Observing the load and price duration afeethese periods highlights that the load
within these years appears to be generally typidala consequence, there does not appear
to have been any unexpected circumstances an@oithno reason to expect prices would
have deviated from the LRMC range.
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4.5. Victoria
45.1. Overview of results

Outturn electricity spot prices for the Victoriaggion exceeded the upper estimate of the
LRMC range in 2006-07, but are within or below #simates for the remaining years —
Figure 4.15, Table 4.4. Contract prices are withaestimates between 2005-06 and 2010-
11.

Figure 4.15
Victoria Weighted Average Prices Compared with Long Run Marginal Cost
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Table 4.4
Long Run Marginal Cost, Spot and Contract Prices fo  r Victoria ($/MWh)

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11

LRMC (perturbation) - - 48.3 - - 66.3
LRMC (average incremental
cost)
- upper bound 52.0 53.4 55.5 60.2 75.3 73.9
- lower bound 39.0 40.0 41.6 44.7 55.3 54.7
Volume weighted spot price 36.1 60.6 50.6 49.1 42.1 29.1
Average  region  wide 4., 43.9 49.9 54.3 57.5 63.3
contract price
45.2. Historic price and demand information

Figure 4.16 sets out the historical volume weigtateerage quarterly prices for the Victorian
region from the September quarter 2006 to June.2@Elwith New South Wales and
Queensland, quarterly prices in Victoria increafsech March to December 2007. Prices
then continue to remain high with a subsequent pedarch 2009.
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Figure 4.16
Quarterly Volume Weighted Prices, Victoria ($/MWh)
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The main driver of high prices in 2006-07 is thghhprices observed in the March and June
guarters of 2007 with a volume weighted spot pataround $75/MWh and $99/MWh
respectively. The price duration curves (FigureZfshow that prices were generally higher
when compared to the other years. However, thebeuwf significant price events where
prices were higher than $5000/MWh is not abnormiaityher when compared to other years
- Figure 4.18.

Figure 4.17
Victoria Price Duration Curves, 2003-04 to 2010-11
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Figure 4.18
Frequency of Half Hourly Price exceeding $5000/MWh,  Victoria, 2003-04 to
2010-11
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Demand does not appear to have had a role in ¢finehspot prices in 2006-07. The profile
of demand in 2006-07 was a broadly similar patterother years — Figure 4.13. From 2006-
07 onwards, peak demand in each year has exce®06éeDZ — Figure 4.14.

Figure 4.19
Victoria Load Duration Curves, 2003-04 to 2010-11
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Figure 4.20
Victoria Peak Load (MW)
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4.5.3. Discussion of results
The high spot prices during 2007 were associatéut wi

= a period of extended drought affecting generati@apction in the Snowy region, New
South Wales, Queensland and Victorian hydro caipgbil

= aperiod in June 2007 where high demand, combin#dreduced generation capacity in
both Victoria and New South Wales as a consequefitee drought and unanticipated
generation outages or constraints; and

= bushfires in January 2007 resulting in an outagl@Victoria-Snowy interconnect6t,
leading to price spikes and an interruption of actb2,600MW of customer load.

The higher price in the March quarter of 2008-0Raofelatively low base is associated with
record demand in both Victoria and South Australikate January. Temperatures in both
Melbourne and Adelaide exceeded 43 degrees, ledniagecord peak maximum demand in
Victoria of 10,494MW - Figure 4.20. This demandsvetightly short of the AEMO’s 2008
forecast for 10 per cent probability of exceedawfcE0,525MW. While the demands during
summer were at the high end of forecasts the aoadlduration curve (ie, the number of
times different levels of demand were reached) pasistently near the peak relative to most
other years (see Figure 4.21). This is reflectetthé persistent spot price near peak (Figure
4.22) and number of periods where prices exced@D®BYIWh (Figure 4.18) as would be
expected. The extent of high prices was exacettiatehe failure of the Basslink
interconnector, which shut down due to temperatorelitions on one of the extreme days.

20 The Snowy region was abolished from July 2008
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Figure 4.21
Victoria Load Duration Curves — Top 0.5 Per Cent of  Demand
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Figure 4.22
Victoria Price Duration Curves — Top 0.5 Per Cento  f Price
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Spot prices in 2009-10 and 2010-11 were considgiabt than the lower estimate of the
LRMC range (31 and 47 per cent respectively). Z0&0-11 observed figure is also

considerably below the modelled LRMC estimate, Whiself is towards the upper estimate

of the approximate LRMC range.
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This outcome is consistent with observations that:

= 2010-11 saw substantially less time at high demandspared with all of the previous
seven years. This can be seen in the rapid féfleoftop end” of the load duration curve
(Figure 4.21), and would be expected to have hgigraficant dampening effect on
outturn prices. This can also be observed fronrdpel fall in occurrence of high prices
in the “top end” of the price duration curve; and

= 164 MW of wind generation coming online in OctoB809 in Victoria, combined with a
further 232 MW of wind generation in South Austsadiuring 2010, placing downward
pressure on spot prices.

4.6. South Australia
46.1. Overview of results

The actual electricity spot prices for the Souttst#alian region are observed to exceed the
upper bound of the LRMC range in 2007-08, and dtieinvthe range for the remaining years
except for 2010-11 where the price is below aleasments — Figure 4.23, Table 4.5.
Indicative region wide contract prices are withie bound between 2005-06 and 2010-11.

Figure 4.23
South Australia Weighted Average Prices Compared wi  th Long Run Marginal
Cost
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Comparing LRMC with Market Outcomes

Table 4.5
Long Run Marginal Cost, Spot and Contract Prices fo  r South Australia ($/MWh)
2005-06  2006-07  2007-08  2008-09  2009-10  2010-11

LRMC (perturbation) 47.4 72.7
LRMC (average incremental
cost)

- upper bound 60.9 61.2 64.3 68.7 87.0 87.5

- lower bound 45.1 455 47.8 50.7 63.6 64.2
Volume weighted spot price 44.0 58.8 101.2 68.6 82.5 42.0
Average  region  wide g, 58.6 63.7 68.8 70.1 72.0

contract price

4.6.2. Historic price and demand information

Figure 4.24 sets out the historical volume weigtaegrage quarterly prices for the South
Australian region for the period from the Septemipearter 2005 to June 2011. Quarterly

prices peaked in the March quarter 2008 at $246/\MWtich remains a record high

quarterly price across all NEM regions. This pricgs driven in particular by high prices
over the period of 5 to 17 March 2008, where prizaseeded $5000/MWh for 26 half hourly
periods. The March quarter is generally the higpestd quarter (not surprisingly as this
covers the majority of the summer period) but tlee@&mber quarter was also high in 2009-

10.
Figure 4.24
Quarterly Volume Weighted Prices, South Australia (  $/MWh)
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The high price in 2007-08 was driven mainly by finee in the March quarter 2008 at
$246/MWh. The price duration curves (Figure 4.2%)s that 2006-07 and 2007-08 prices
are significantly above the average when comparedrter years. This position reversed in
2009-10 and 2010-11 — Figure 4.25.

The price duration curves also show that the higtep were in part a consequence of a
small number of peak price periods, because theedor 2006-07 where average price was
almost 42 per cent lower than for 2007-08 sits\welwe curve for 2007-08. This is
consistent with Figure 4.26, which shows 2007-0Otwhe highest number of periods where
prices exceed $5,000/MWh.

In 2007-08 there was a step increase in the nuofhiestances of prices exceeding
$5,000/MWh (noting that the market price cap rasenf$10,000/MWh to $12,500/MWh in
July 2010). The number of these events fell in809, rose again in 2009-10 and fell back
in 2010-11, broadly in line with the changes in@adraverage price. That said, while there
have been a high number of periods of prices exagekb,000/MWh, this has not translated
into prices consistently exceeding the estimatdsRifiC.

Figure 4.25
South Australia Price Duration Curves, 2003-04to 2 010-11

= 2003-04
e 2004-05

2005-06

2006-07
e 2007-08
e 2008-09
=2009-10
=2010-11

$/MWh

% of time

NERA Economic Consulting 34



Benchmarking NEM Wholesale Prices Comparing LRMC with Market Outcomes
against estimates of LRMC

Figure 4.26
Frequency of Half Hourly Price exceeding $5000/MWh,  South Australia, 2003-
04 to 2010-11
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The load duration curves for South Australia ateosin Figure 4.27. The load does not
appear to have had a role in the high prices irvZior the low prices in 2010-11 as the
duration curve for those years are broadly sinvilaen compared to other years. Peak
demand alone does explain the high prices in 2@@r@he low prices in 2010-11 either.
While peak demand in 2007-08 is higher than pres/igears, it is lower when compared to
subsequent years. In 2010-11 South Australia decba record for peak demand of
3,385MW - Figure 4.28.
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Figure 4.27
South Australia Load Duration Curves, 2003-04to 20 10-11
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4.6.3. Discussion of results

The high price in 2007-08 was heavily driven bycps between 5 and 17 March 2008, where
prices exceeded $5000/MWh for 26 half hourly pesiapproximately half the number of
such events for the year. These prices were adsdavith a number of potentially
contributing factors, specifically:
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= South Australia experienced an unprecedented 1heatywave over this period, which
led to record levels of electricity demand; and

= the capability of the interconnector at high ptioges was the lowest level over the
period reviewed, thereby limiting electricity flofr®m Victoria.

The reduced interconnector capability appears e Iptgayed a significant role in 2007-08.
Specifically, there were 39 half hourly periods wehthe price difference between Victoria
and South Australia was greater than $9,000/MWarlnewice the number in the next
highest year (2009-10) — Table 4.6. Limits onsfars between Victoria and South
Australian regions at times of high demand areumotsual. However, the average
interconnector flow during these periods was 356¥lich compares with an average
interconnector flow of 475MW in 2010-11 under sianitonditions). In constructing this
table, interconnector flow has been taken as thet netevant indicator, although it does
assume that the interconnector was being operatiésl prevailing capacity when price
differences were greatest.

Table 4.6
Price Differences and Interconnector Flows between South Australia and
Victoria
Price Difference 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
> $9,000
- No. of Events 0 0 39 8 21 5
- Ave Interconnector Flow - - 356 397 413 475
> $5,000
- No. of Events 0 0 50 18 36 9
- Ave Interconnector Flow - - 362 380 376 454
> $1,000
- No. of Events 16 8 53 25 56 14
- Ave Interconnector Flow 362 388 356 373 354 404

Price difference rather than price alone is sigaiiit as it indicates lower priced supply was
available in Victoria at the time — of course hadidonal interconnector flows been possible
the Victorian price would likely have been higheit the South Australian price lower. It is
highly speculative to reconstruct price outcomesfanges in interconnector limits given
the complex interactions involved. Neverthelessjrder to explore the possible influence of
the interconnector limitation on prices, we exardihew prices might have changed if the
number of instances of price separation betweetok&and South Australia was not as
large as actually observed in 2007-08. If the neind$ periods with large price differences
was reduced by 50 per cent to no more than $1,0001Nwhich would be within the range
observed in later years where interconnector flawwege higher under these circumstances),
then the price in 2007-08 would have been in tldeoof $85/MWh. The purpose of this
comparison is purely to illustrate the potentiapant and should not be read as a definitive
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assessment of the impact of the reduced interctionezapability. We also note that flow
(and by implication capacity) has subsequently besng at times of high prices.

To further understand the drivers on price it isfukto note that the relatively high incidence
of demands within 75 per cent of the peak in 208,7A@twithstanding that 2008-09 and
2010-11 had higher maximum demands — Figure 4.29.

Figure 4.29
South Australia Load Duration Curves — Top 10 perc  ent of Hours
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2007-08 was therefore affected by both relativetyh demands and relatively lower
interconnector capability (at high demand/priceet&n Accounting for the higher incidence
of price separation and the higher incidence ofi lsigmands than would be expected over
the long term, it is likely that out turn pricesositd be expected to be at the upper end or
somewhat above the calculated LRMC.

March 2009 also saw high prices, although not ¢déivels observed in March 2008. High

prices in March 2009 were associated with a furgegiod of high temperatures - albeit not
as severe as in March 2008. Significantly, pregesation from Victoria was less severe at
all price levels. For example there were 25 instanghere the price in South Australia was
more than $1,000 greater than Victoria in 2008-@®gared with 53 in 2007-08.

Interestingly, in 2009-10 the high price end of phiee duration curve was similar to 2007-
08. However, the low priced end differed in tha 2009-10 values were materially lower
leading to a lower annual average price. The grgwiffect of wind generation on the
wholesale price is likely to have impacted on thaedr prices in 2009-10 and contributed to a
lower annual average price of $82.5/MWh in 2009440ich was within the range of
calculated LRMC. Prices from November 2009 arid dmnuary 2010 were again high,
reflecting the first ever heat wave in NovembeBouth Australia, and saw prices exceeding
$5,000/MWh for 14 trading intervals between 10 Naber and 13 November, with 13 being
at the market price cap. Notably, price separatioviictoria was in excess of $9,000/MWh
on each occasion but the average interconnectabddp was higher at 413MW. In

NERA Economic Consulting 38



Benchmarking NEM Wholesale Prices Comparing LRMC with Market Outcomes
against estimates of LRMC

addition high temperatures in February 2010, weseaated with prices exceeding
$5000/MWh for 9 trading periods between 8 and liorkary.

The price outcomes for 2010-11 are of particulserest because it suggests that demand was
lower than for typical years for most of the yead &his is consistent with the fewer number

of days with maximum temperature over 35 degrdéee lower demand would be expected

to place downward pressure on price, in particideser high prices. Increasing

development of wind generation in South Australid ¥ictoria would also be expected to
reduce price across all time periods but in paldicat low demand times. Both of these
effects are visible in the 2010-11 results, notatéinding that 2010-11 saw a record peak
demand in South Australia of 3,385MW — Figure 4.28.

4.7. Impact of contracting

Figure 4.30 and Table 4.7 show the costs for eathedNEM region by quarter and year
from the quarter of September 2005 to June 20Dlip&nalysis including indicative region
wide contracts. Overall, the estimated energy mseltost/per MWh, taking into account the
observed contract prices and assumed hedginggtrageadually increases over time in all
NEM regions. Contract costs are within the bouhdRMC between 2005-06 and 2010-11
for all NEM regions with the exception of 2009-1ds2010-11 in the Queensland region
where contract costs are below the range. Theaartost is highest in South Australia, due
to a combination of higher contract prices andréggon’s peakier demand profile. In
general contract costs peak in the March quartenvdemand and contract prices are
typically both the highest in all regions consideré&iven the assumptions that have had to
be made to develop these contract price estimagebgelieve that the insights that can be
drawn from the estimates are limited. To imprdwese estimates, we would need to have
access to considerably more information about dataaket contracting strategies and
timing, liquidity, and individual demand profilesn addition, some consideration would also
need to be given to how contract prices are affelbyeany energy market policy uncertainty
that prevailed over the study time period. A numtfdactors warrant additional comments:

= while there has been growing turnover in contrgmiblic information about historical
contract prices is relatively limited, especialtlySouth Australia where some of the
strongest points of concern about price have based. This situation has been
compounded by increasing vertical integration witthie industry meaning that explicit
external contracts are not needed to hedge supptg éor much of the demand. In
principle, rational market participants might bgpeated to balance the use of internal
resources against further contracting but, onck, ltere is a substantial sunk cost to the
affected businesses and this affect may take ceradite time to emerge. Strategic
considerations such as management of policy unngrt@ould also be expected to
impact this balance;

= our analysis has not attempted to examine thetgitubor individual customers and has
been focused on system wide outcomes. As a rasyti@alysis of a system wide
contract portfolio would not replicate the positioihmost customers buying to meet their
load shape. Results of system wide analysis woltnfikely deliver an unrealistically
low overall contract price, except for customerthviiat load profiles. In principle,
secondary trading or bespoke contracts offer tip@pnity to adjust profiles but this
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increases complexity and means standard form amsteamd exchanges cannot be used,
and

it is likely that a prudent purchaser will build agontract portfolio over a number of
years as we have assumed. A comparison of theaasabntract price against outturn
spot price will therefore be affected by the tirag between contract purchase and year-
by-year volatility, and the assumption made inahalysis about how customers stage
their contract purchases. Over the longer teimlikely this effect would be “averaged
out” but a full analysis if it would require an evinger period of analysis than
comparison of spot price against LRMC that we haveertaken in this report. On the
other hand purchasers who choose to contract éar tital requirement for fixed terms
can expect to face lumpy contract prices at eagbwal, sometimes higher than outturn
spot price and sometimes below — this is moreyikekimes of policy uncertainty.

The relevant point for this analysis is that, impiple, contract prices should smooth out the
year-on-year volatility that is a natural charaistér of the spot price and also in principle
should reflect LRMC plus an appropriate commenisd management premium. In the
same way that it is not appropriate to considet pgoe in the short term for the purposes of
assessing market power, it is important to considetracting outcomes over sufficient time.
The financial market environment in the NEM hasumad considerably since the market
commenced but, given the changing nature of thé&etaoupled with policy uncertainty in
recent years, we consider the results to be indeaflhat said the results are broadly in line
with the LRMC range and perturbation modelling gse and so do not indicate that
contract prices are inappropriate compared to LRMC.

Figure 4.30
Contract Costs for Each Quarter by NEM region
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Table 4.7
Yearly Estimated Contract Prices by NEM Region -$/ MWh
State 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
QLD 43.44 44.42 47.98 53.15 51.68 53.69
NSW 48.34 48.38 50.81 58.25 59.39 60.08
Vic 44.24 43.93 49.89 54.27 57.45 63.33
SA 59.70 58.60 63.70 68.84 70.07 71.97

Our conclusion that contracts may only reflect LREN&r a relatively lengthy period is
consistent with the role of contracting as a riskhagement tool that insulates both buyers
and sellers from inherently volatile spot outcomiegshe most recent years it is also notable
that spot outcomes have been suppressed by anaiiem the form of renewable
obligations, where the total price of renewablasasseen in the spot price (but clearly is
seen in customer net price inclusive of the coktemewable energy certificates or off take
agreements for the purchase of renewable eneFgy)the time where the renewable
obligation is growing and materially impacting spotcomes, prices below LRMC can be
expected, albeit with greater volatility due to theermittent nature of much of the renewable
technology.
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Appendix A. Key Modelling Assumptions and Inputs for
the Average Incremental Cost Approach to
estimate LRMC

This section sets out the assumptions used irsthdy to estimate LRMC using an
approximate approach described in greater detatapter 2. Our approach has used several
data and parameters sources that are publicalliablea

The key sources for these parameters and the assdbceference materials are:

= ACIL Tasman, (200);, Fuel Resource, New Entry and Generation CostserNEM
Report 2 — Data and DocumentatjdgJune;

= ACIL Tasman, (2009)ruel Resource, New Entry and Generation CostsarNEM
April; and

= AEMO real price and demand data sets.

The ACIL Tasman reports contain the inputs andrpatars necessary to calculate variable
and annualised capital cost estimates. We haireasd an upper and lower LRMC based
on the high and low range of variable and annudlcsgital costs, as developed by ACIL
Tasman. The AEMO website contains real time trggince and demand data sets in half
hour intervals from 1998. These were used to esérthe demand load curve for each NEM
region for each financial year from 2005-06 to 2410

NERA Economic Consulting 42



Benchmarking NEM Wholesale Prices Appendix A
against estimates of LRMC

A.1l. Parameters and assumptions used to calculate d etailed cost inputs
and parameters

A.l.l. Fuel and capital costs
Table A.1 Assumed High and Low CCGT Fuel Costs ($/G J)

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11

CCGT - low

- NSW $3.00 $3.06 $3.20 $3.27 $4.77 $4.84
-VIC $2.91 $2.97 $3.11 $3.21 $4.31 $4.43
- QLD $2.75 $2.81 $2.94 $2.95 $4.65 $4.62
-SA $3.29 $3.36 $3.51 $3.59 $4.84 $4.95
- TAS $3.01 $3.07 $3.21 $3.32 $4.75 $4.87
- NEM $2.99 $3.06 $3.19 $3.27 $4.67 $4.74
CCGT - high

- NSW $3.67 $3.74 $3.91 $3.99 $5.83 $5.91
-VIC $3.56 $3.63 $3.80 $3.92 $5.27 $5.42
- QLD $3.36 $3.43 $3.59 $3.61 $5.69 $5.64
- SA $4.02 $4.10 $4.29 $4.39 $5.92 $6.05
- TAS $3.68 $3.76 $3.93 $4.06 $5.81 $5.95
- NEM $3.66 $3.73 $3.90 $3.99 $5.70 $5.80
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Table A.2 Assumed High and Low OCGT Fuel Costs ($/G J)

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11

OCGT - low

- NSW $3.75 $3.83 $4.00 $3.92 $5.96 $6.05
-VIC $3.64 $3.72 $3.88 $3.85 $5.39 $5.54
- QLD $3.44 $3.51 $3.67 $3.55 $5.82 $5.77
- SA $4.11 $4.19 $4.38 $4.31 $6.05 $6.19
- TAS $3.76 $3.84 $4.02 $3.99 $5.94 $6.09
- NEM $3.74 $3.82 $3.99 $3.92 $5.83 $5.93
OCGT - high

- NSW $4.59 $4.68 $4.89 $4.79 $7.28 $7.39
-VIC $4.45 $4.54 $4.75 $4.70 $6.59 $6.77
- QLD $4.21 $4.29 $4.49 $4.33 $7.11 $7.06
- SA $5.02 $5.13 $5.36 $5.27 $7.40 $7.57
- TAS $4.60 $4.70 $4.91 $4.87 $7.26 $7.44
- NEM $4.57 $4.67 $4.88 $4.79 $7.13 $7.25

Table A.3 Assumed High and Low CCGT and OCGT Capita | Costs ($/kW)

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11

CCGT - low $884 $902 $945 $964 $1,231 $1,176
CCGT - high $1,081 $1,103 $1,155 $1,178 $1,505 $1,438
OCGT - low $606 $619 $648 $661 $887 $847
OCGT - high $741 $756 $792 $807 $1,084 $1,035
A.l.2. Plant operating and cost parameters

Thermal efficiency for CCGT and OCGT was assumeoktd0 per cent and between 31 and
32 per cent from 2005-06, respectively.

In addition, the fixed operating and maintenand@NJF cost and variable operating and
maintenance (VOM) cost are shown in the table belde significant change in the
parameter values after 2009-10 reflect a changssomptions about utilisation as CCGT is
assumed to act more as base load generator.
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Table A.4 Assumed FOM (MW/year) and VOM ($/MWh)

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11

CCGT FOM $11,975 $12,223 $12,800 $13,120 $31,000 $31,775
CCGT VOM $4.55 $4.64 $4.85 $4.97 $1.05 $1.08
OCGT FOM $7,016 $7,162 $7,500 $7,688 $13,000 $13,325
OCGT VOM $7.03 $7.18 $7.50 $7.69 $7.70 $7.89

Other parameters

The post-tax nominal weighted average cost of aaiyACC) is assumed to be 9.25 per
cent and 9.48 per cent from 2005-06 to 2008-0928@®-10 to 2010-11 respectively. The
upper and lower estimates assumed that the WAC(pluasor minus 2 per cent from these
estimates.

The asset life is assumed to be 30 years for b&BTand OCGT generation.

A.2. Detailed cost inputs and parameters used to es  timate long run
marginal costs

This section provides the detailed CCGT and OCQiabiée costs and annualised costs
assumptions used to calculate the LRMC by finan@ar and NEM region for both the low
and high estimates.
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Table A.5 CCGT Variable and Annualised Capital Cost

Appendix A

s — Low Costs

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
Variable Cost
- NSW $26.16 $26.70 $27.90 $28.49 $35.38 $35.90
-VIC $25.52 $26.05 $27.22 $28.06 $32.11 $33.01
- QLD $24.36 $24.87 $25.99 $26.24 $34.55 $34.32
-SA $28.22 $28.80 $30.10 $30.83 $35.91 $36.74
- TAS $26.23 $26.78 $27.98 $28.88 $35.26 $36.15
- NEM $26.10 $26.64 $27.84 $28.50 $34.64 $35.22
Annualised
capital Cost
- NSW $85,016 $86,779 $90,876 $92,757 $135,044 $131,170
-VIC $85,016 $86,779 $90,876 $92,757 $135,044 $131,170
- QLD $85,016 $86,779 $90,876 $92,757 $135,044 $131,170
- SA $85,016 $86,779 $90,876 $92,757 $135,044 $131,170
- TAS $85,016 $86,779 $90,876 $92,757 $135,044 $131,170
- NEM $85,016 $86,779 $90,876 $92,757 $135,044 $131,170

Table A.6 CCGT Variable and Annualised Capital Cost s — High Costs

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
Variable Cost
- NSW $30.96 $31.60 $33.03 $33.72 $43.01 $43.63
-VIC $30.18 $30.81 $32.19 $33.19 $39.01 $40.10
- QLD $28.77 $29.37 $30.69 $30.97 $42.00 $41.71
-SA $33.48 $34.17 $35.71 $36.57 $43.66 $44.67
- TAS $31.05 $31.70 $33.12 $34.20 $42.87 $43.94
- NEM $30.89 $31.53 $32.95 $33.73 $42.11 $42.81
Annualised
capital Cost
- NSW $138,708 $141,585 $148,269 $151,298 $210,646 $203,394
-VIC $138,708 $141,585 $148,269 $151,298 $210,646 $203,394
- QLD $138,708  $141,585 $148,269 $151,298 $210,646 $203,394
- SA $138,708  $141,585 $148,269 $151,298 $210,646 $203,394
- TAS $138,708 $141,585 $148,269 $151,298 $210,646 $203,394
- NEM $138,708 $141,585 $148,269 $151,298 $210,646 $203,394
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Table A.7 OCGT Variable and Annualised Capital Cost

Appendix A

s - Low Costs

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
Variable Cost
- NSW $50.60 $51.65 $53.98 $53.21 $76.89 $75.92
-VIC $49.31 $50.34 $52.61 $52.37 $70.31 $70.21
- QLD $46.99 $47.96 $50.12 $48.86 $75.24 $72.86
-SA $54.75 $55.89 $58.41 $57.73 $77.97 $77.53
- TAS $50.75 $51.80 $54.14 $53.97 $76.68 $76.39
- NEM $50.48 $51.53 $53.85 $53.23 $75.42 $74.58
Annualised
capital Cost
- NSW $57,102 $58,286 $61,038 $62,266 $87,915 $84,890
-VIC $57,102 $58,286 $61,038 $62,266 $87,915 $84,890
- QLD $57,102 $58,286 $61,038 $62,266 $87,915 $84,890
- SA $57,102 $58,286 $61,038 $62,266 $87,915 $84,890
- TAS $57,102 $58,286 $61,038 $62,266 $87,915 $84,890
- NEM $57,102 $58,286 $61,038 $62,266 $87,915 $84,890

Table A.8 OCGT Variable and Annualised Capital Cost s — High Costs

2005-06 2006-07 2007-08 2008-09 2009-10 2010-11
Variable Cost
- NSW $60.28 $61.53 $64.31 $63.33 $92.27 $91.04
-VIC $58.71 $59.93 $62.63 $62.30 $84.22 $84.06
- QLD $55.87 $57.02 $59.59 $58.01 $90.25 $87.30
-SA $65.36 $66.71 $69.72 $68.85 $93.59 $93.00
- TAS $60.47 $61.72 $64.50 $64.25 $92.01 $91.61
- NEM $60.14 $61.38 $64.15 $63.35 $90.47 $89.40
Annualised
capital Cost
- NSW $93,920 $95,867 $100,393 $102,387 $142,350 $136,890
-VIC $93,920 $95,867 $100,393 $102,387 $142,350 $136,890
- QLD $93,920 $95,867 $100,393 $102,387 $142,350 $136,890
- SA $93,920 $95,867 $100,393 $102,387 $142,350 $136,890
- TAS $93,920 $95,867 $100,393 $102,387 $142,350 $136,890
- NEM $93,920 $95,867 $100,393 $102,387 $142,350 $136,890
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Appendix B. Key Modelling Assumptions and Inputs for
the Perturbation Approach

This section sets out the market modelling asswmngtihat have been used for the study.
Our approach to developing these assumptions iedalwmdertaking a detailed review of
assumptions and inputs used by recent electricitsket studies, and wherever possible using
publicly available market information for each paster.

The methodology called for analysis based on timglitions as the market players would
reasonably have anticipated at the time. Accoidistydies commencing in 2007 used data
from that year and the 2010 study used 2010 e&a dat

As the analysis is looking for changes in capital aperating costs rather than the spot price,
the key requirement is that our base case for ga@hhas a technology mix that is broadly
consistent with what would have been expected bycgzants at the time. This allows the
increase in capital and operating costs due tanttrease in demand to assess LRMC to
occur from a sound base.

The key sources for these parameters and the assdbceference materials are:

= Australian Energy Market Operator, (201Rpgtional Transmission Network
Development Plan Modelling Assumptions: Supply Ii§preadsheet23 August;

= Australian Energy Market Operator, (2018gtional Transmission Network
Development Plan Demand Forecasislune;

= Australian Energy Market Operator, (2010), EledyiStatement of Opportunities
(ESOO0); and

= KPMG Econtech, (2010), Economic Scenarios and Rstsdor AEMO — 2009 Update,
11 February.

The AEMO data for 2010 was published with referetace number of market scenarios,
which reflect possible differences in economic gitgviuel prices, and energy demand. We
have chosen to use ScenarfdoBhich assumes moderate economic growth, modeileaad
gas prices with relatively high domestic gas demametlium domestic LNG production and
new gas supplies in the eastern states.

The capital costs for new plants in Scenario 3lier2010 study are approximately the
medium for the range predicted across all of tlemados. In the 2007 SOO scenarios were
not presented and we adopted the AEMO costs astdhténg point for analysis - although as
discussed in the report we recognise that uncéytalmout future market conditions will have
impacted financial parameters in the costs, fongta discount rates used to derive capital
costs.

The remainder of this chapter discusses the assums@nd inputs used in greater detail.

21 See AEMO, NTNDP Supporting Data Input Data basép://www.aemo.com.au/planning/2010ntndp_cd/hdvtnes.
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B.1. The renewable energy target

For the study commencing in 2007 it was necessachoose a reasonable baseline for
renewable energy obligations. Australia’s initethewable energy target was for 9,500GWh
of new renewable energy to be developed betwee® @06 2010 under a scheme known as
the Mandatory Renewable Energy Scheme (MRET). Hiiteanced Renewable Energy
Target (RET) scheme was announced in 2009 andtaeget of 20 per cent by 2020
requiring effectively extending the 9,500GWh targe#15,000GWh by 2020. In the lead up
to the announcement of the RET there was consitiewsgertainty about the target and also
about the future of various state schemes whicle wieady in operation or were emerging
at the time. As a result investment and pricingeatificates under the MRET were volatile
and it has proven difficult to develop a clearrastie of what market participants would have
assumed in NEM trading. However, considerablestment in renewable energy had
occurred meeting much if not all of the remainiaquirement under MRET. This situation
was compounded by speculation about future carbicmg discussed below.

Fortunately and as noted earlier, the analysighigsrcurrent task calls for a robust base in
order to ensure the technology in the base caspigsentative rather than precise amounts.
Accordingly for the purposes of this work we hadepted an assumption that the MRET
requirement had been fulfilled and that furtherergable investment would be driven by the
RET, which was subsequently divided in the Largen®vable Energy Target (LRET) and

the Small Renewable Energy Scheme (SRES). Weaslamned the various state schemes
would result in similar levels of renewable investits for the base case and the case with an
increment of demand and would therefore not imgabutcome and as a result were
assumed to be encompassed by the uncertainty BERES/LRET starting point.

The LRET scheme commenced on 1 January 2011, ketkarget introduced in line with the
schedule set out in Figure B.1 published by theeRable Energy Regulator.
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Figure B.1: Large-scale renewable energy target an  d total NEM-wide energy
demand
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Source: ORER website ,http://www.orer.gov.au/newnl#itettarget.; and AEMO, 2010 NTNDP study, “2010
NTNDP Energy and MD Forecasts.xIsx”, see: http:/mwaemo.com.au/planning/2010ntndp_cd/home.htm.

In setting the requirements in the modelling, weehtaken into account existing and
committed renewable plant investments and GreerePbased renewable energy certificates
(RECs).

B.2. Carbon prices

A carbon price scenario has also been includedenrarket modelling for both years.

While at the time a carbon price had not been dhtced, the expected introduction of a
carbon price would still have an impact on LMRQFs would impact on the expected
future cost of operating a power plant. Realiaisumptions need to be included into the
model to obtain an accurate LRMC for the yearsis Titeans that if the actual expectation of
a carbon price at the time is lower than the assugmpectation in the model then this would
overstate the LRMC. However, omitting it complgtel also likely to omit a factor which
would influence LRMC in 2007-08, and would therefanderstate LRMC.

Prior to the federal government’s announcement ethe@uClean Energy Package in July
2011 there was uncertainty about carbon pricirfgpalgh a reasonable confidence that
carbon would be priced as a Prime Minister’s Tasic& had been formed 2006.

For the 2007 cases we have assumed a scheduis siratlar to the schedule then being
discussed and eventually forming the CPRS schewduileh included a soft start in 2010 with
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2 years at $10 and then a price of approximate#yt§2009-10 dollars) incremented at 4 per
cent real. This schedule was adjusted to 2007e018rd for the study.

For the 2010 case we adopted a schedule that noseycaligns with the schedule
ultimately adopted for the Clean Energy Policy iheommenced in 2012 but following the
same profile as for the 2007 case (that is thet ‘gaft” was dropped.

It is important to note that prior to the introdoct of the CPRS

B.3. Committed generation plant new entry and exist  ing plant
retirements

The modelling framework determines new generatidrnyeequired to satisfy expected
electricity demand, given both existing plant amidimation on planned plant retirements
and new plant investments. We include all new gaian projects that had reached the
committed status, as defined by the AEMO in the N&Nhe relevant time for the 2007 and
2010 base case years.

Table B2 lists the existing generating units thed hot reached this status for the 2007
ESOO and were therefore excluded from the 2007 (@ageancluded for 2010).

Table B.1
Scheduled and Semi-Scheduled Projects not plannedi  n 2007

Source: OGW/NERA analysis of AEMO, 2010 and 208D @, published.
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Name Size (MW) Jurisdiction
Braemar 2 504 Queensland
Condamine
140 Queensland
Darling Downs
315 Queensland
Yarwun
168 Queensland
Mortlake
550 Victoria
Clements Gap
57 South Australia
Hallet 2 Wind Farm 71 South Australia
Hallet 4 Wind Farm 132 South Australia
Lake Bonney 3 Wind Farm 159 South Australia
Waterloo Wind Farm
111 South Australia
Tamar Valley (CCGT and .
OCGT) 258 Tasmania

A summary of announced retirements in the NEM isein below in Table B.2. These
were used in the 2007 and 2010 cases.

Table B.2
NEM Retirement Plans
Station Year MW reduction Comment
Munmorah 2015 600

Assumed but understood

Playford 2018 240 to be under review
Swanbank B unit 3 2011 120
Swanbank B unit 2012 120 Stations fully retired
Mackay GT 2016 27 Subject to review

Source: AEMO, (2010), ESOO, published.
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B.4. Marginal loss factors

Marginal loss factors (MLFs) represent the impddtansmission losses from a generator to
the relevant regional reference node. They ard tesscale regional reference node prices to
calculate revenues for generators (and also fapmess).

We have used the relevant MLFs as applied by thel@Fas appropriate for the base years.
B.5. New entrant technology parameters

The new generation entrant technology parameterbased on those developed jointly by
AEMO and DRET noted earlier. Values for selected teehnologies are summarised in
Table B.3 below.

Table B.3
Capital Costs

Technology Installed capital cost $/kW Installed capital cost $/kW
2007 2010
wind (200MW) 2,693
OCGT 947
CCGT 1,302
7,416 (EGS
Geothermal 7.017 EHSA;
Super critical black coal 2,587
Super critical brown coal 3,452

Note: Installed capital costs are for the NEM ireBCand are expressed in $2009/10.

Source: AEMO, (2010), 2010 NTNDP: National Transiois Network Development Plan, Supporting Data —
Input Database, Input Assumption Tables.

B.6. Fuel costs

The AEMO annually publishes its forecasts of fumdts for twenty years into the future, for
each generating plant within the NEM. These fosexare developed as part of the ESOO
and national transmission planning process anditdiieaccount a number of factors
including generation fuel type and source, the sdop export of the fuel, transport costs,
and the cost of mining, where relevant.

The gas price assumptions result in an increase $.50/GJ - $4.00/GJ to approximately
$6.00/GJ to $7.5/GJ by FY2020 (in $2009/10) inXeM with later estimates reflecting
expectations of the development of LNG faciliie€Queensland from late 2013. This is
leading to a slight decrease in gas prices paatityuin Queensland as gas is produced in the
period leading up to commissioning of the plant#ipfved by an increase as domestic gas
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prices progressively shift towards export paritig@s. The additional gas prior to plant
commissioning is commonly referred to as ‘ramp gas’

A key source of uncertainty about gas price inNligM is the timing of the expected
alignment with a netback price with LNG.

B.7. Electricity demand

The AEMO publishes annual forecasts of total eleityrdemand and summer/winter
maximum demand for each region of the NEM as pate@ESOO. AEMO also develop a
range of forecasts for scenarios studied in conjonavith DRET. In addition, AEMO
publishes the energy to be supplied by scheduéadi scheduled and non-scheduled
generation, and the contribution expected from scmeduled generation.

As the demand supplied by the NEM is the demandfiroet scheduled and semi scheduled
and we applied the factors nominated by AEMO inE&©O to derive these from
projections of total demand.

The scheduled peak demand and energy (sent oatafsts for 2007-08 and 2010-11 used in
this study are set out in Table B.4 .

22 One key difference between LNG plants that usé seam methane as a feedstock and those thadmsentional
natural gas is that once the wells are broughtpntaluction they effectively must stay in produntand this may
occur before the facilities that will consume tlees gn the long term are complete. The resultastpyoduction is
referred to as ‘ramp gas’ as it occurs during tlaerip up” period of a project.
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Table B.4
2007- 08 NEM Scheduled Peak Demand Forecasts

10% POE Medium Growth MD (MW)

QLD NSW VIC SA TAS
FY2008 9,981 15,020 10,026 3,311 1,405
FY2009 10,435 15,500 10,124 3,421 1,431
FY2010 10,850 15,930 10,297 3,483 1,464
FY2011 11,273 16,350 10,515 3,522 1,481
FY2012 11,687 16,760 10,720 3,592 1,503
FY2013 12,135 17,220 10,940 3,684 1,527
FY2014 12,527 17,670 11,173 3,799 1,544
FY2015 12,916 18,110 11,370 3,838 1,579
FY2016 13,340 18,420 11,582 3,919 1,604
FY2017 13,764 18,800 11,794 3,994 1,622
FY2018 14,203 19,193 12,009 4,061 1,649
FY2019 14,656 19,593 12,227 4,130 1,676
FY2020 15,123 20,003 12,450 4,199 1,704
FY2021 15,605 20,420 12,676 4,270 1,732
FY2022 16,103 20,847 12,907 4,342 1,761
FY2023 16,617 21,282 13,141 4,415 1,790
FY2024 17,146 21,726 13,381 4,489 1,820
FY2025 17,693 22,180 13,624 4,565 1,850
FY2026 18,257 22,643 13,872 4,642 1,881

Note: Data represents financial years (eg, FY2@12011/12)
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Benchmarking NEM Wholesale Prices Appendix B
against estimates of LRMC

Table B.5
2010 - 11 NEM Scheduled Peak Demand Forecasts

10% POE Medium Growth MD (MW)

QLD NSW VIC SA TAS
FY2010 10,524 15,657 10,783 3,530 1,932
FY2011 10,948 16,169 11,103 3,630 1,968
FY2012 11,469 16,544 11,372 3,670 1,976
FY2013 12,204 16,927 11,461 3,720 1,983
FY2014 12,812 17,322 11,673 3,730 2,001
FY2015 13,411 17,714 11,990 3,780 2,013
FY2016 13,918 18,101 12,174 3,860 2,042
FY2017 14,324 18,493 12,421 3,880 2,059
FY2018 14,676 18,884 12,699 3,940 2,080
FY2019 15,129 19,266 12,930 4,010 2,106
FY2020 15,749 19,709 13,189 4,066 2,135

Note: Data represents financial years (eg, FY2312011/12)
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Benchmarking NEM Wholesale Prices Appendix B
against estimates of LRMC

Table B.6
2007-08 NEM Scheduled Sent Out Energy Forecasts

QLD NSW VIC SA TAS
FY2008 51,058 75,710 47,599 12,631 10,221
FY2009 53,129 76,900 46,468 13,064 10,418
FY2010 55,109 78,000 46,362 13,212 10,661
FY2011 57,355 78,890 47,085 13,410 10,781
FY2012 59,389 80,060 47,713 13,628 10,927
FY2013 61,730 81,520 48,574 13,834 11,087
FY2014 63,764 82,900 49,293 13,989 11,205
FY2015 65,672 84,330 50,086 14,160 11,470
FY2016 67,790 85,990 50,955 14,323 11,653
FY2017 69,913 87,540 51,919 14,495 11,771
FY2018 72,092 89,144 52,825 14,668 11,966
FY2019 74,338 90,777 53,747 14,842 12,164
FY2020 76,655 92,440 54,685 15,019 12,366
FY2021 79,044 94,133 55,639 15,198 12,571
FY2022 81,507 95,858 56,610 15,379 12,780
FY2023 84,047 97,614 57,598 15,563 12,991
FY2024 86,667 99,402 58,604 15,748 13,207
FY2025 89,367 101,223 59,626 15,936 13,426
FY2026 92,152 103,078 60,667 16,125 13,648

Note: Data represents financial years (eg, FY2@12011/12)
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Benchmarking NEM Wholesale Prices Appendix B
against estimates of LRMC

Table B.7
2010-11 NEM Scheduled Sent Out Energy Forecasts

QLD NSW VIC SA TAS
FY2010 53,487 77,720 48,186 14,307 11,334
FY2011 55,601 80,098 49,399 14,824 11,482
FY2012 58,733 81,187 50,202 14,982 11,518
FY2013 62,182 81,657 49,817 15,020 11,491
FY2014 65,510 83,241 49,886 14,788 11,536
FY2015 68,657 84,983 50,045 14,989 11,573
FY2016 70,425 86,389 50,772 15,119 11,750
FY2017 71,851 87,468 51,566 15,239 11,811
FY2018 73,729 88,705 51,993 15,356 11,878
FY2019 75,606 90,962 52,544 15,512 11,960
FY2020 78,555 92,599 53,069 15,652 12,032

Note: Data represents financial years (eg, FY2@12011/12)

In addition, because the NEM forecasts for maxindemand are presented in “as generated”
terms but energy is presented on a “sent out” lzasithe NEM scheduling process

functions on an as generated basis, it is necessapnvert the energy forecasts to an “as
generated basis”. The AEMO publish regional sgalactors for this purpose as shown in
Table B.8.
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Benchmarking NEM Wholesale Prices Appendix B
against estimates of LRMC

Table B.8
Scaling factors to convert annual energy (GWh) from “sent out” to “as
generated”
QLD NSW VIC SA TAS
FY2011 1.063 1.058 1.086 1.036 1.001
FY2012 1.060 1.057 1.084 1.035 1.002
FY2013 1.060 1.057 1.079 1.033 1.002
FY2014 1.057 1.057 1.076 1.029 1.002
FY2015 1.057 1.055 1.074 1.029 1.002
FY2016 1.057 1.055 1.073 1.026 1.003
FY2017 1.057 1.053 1.068 1.023 1.003
FY2018 1.056 1.052 1.067 1.023 1.003
FY2019 1.056 1.051 1.067 1.023 1.003
FY2020 1.053 1.051 1.063 1.023 1.003
FY2021 1.053 1.049 1.063 1.024 1.004
FY2022 1.051 1.046 1.059 1.022 1.004
FY2023 1.050 1.044 1.056 1.023 1.004
FY2024 1.049 1.042 1.053 1.023 1.004
FY2025 1.048 1.040 1.053 1.023 1.004
FY2026 1.046 1.047 1.050 1.022 1.004
FY2027 1.045 1.053 1.060 1.023 1.004
FY2028 1.043 1.059 1.070 1.023 1.004
FY2029 1.043 1.059 1.070 1.023 1.004
Average 1.053 1.052 1.068 1.026 1.003

Source: AEMO, 2010 NTNDP study, “2010 NTNDP Eneng¢ MD Forecasts.xIsx”, see:
http://wwww.aemo.com.au/planning/2010ntndp_cd/hbtrre.
Note: Data represents financial years (eg, FY2@12011/12)

B.8. Capacity contribution of intermittent generati on

We assumed wind (as the primary intermittent geirmraechnology that emerged in the
results) would contribute 3% of installed capacitp@ak times in the NEM. This value is
broadly consistent with reliability assessmentsHeyAEMO but because we are focussing
on changes in capex and opex as a result of inersnmedemand the particular level used is
not critical providing it does not distort the tectogy mix in the base case for each year
studied.

B.9. Approach to transmission

Finally, the modelling is based on a regional reprgation of the NEM, which takes into
account transmission interconnection capacity asgds between regions.
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Benchmarking NEM Wholesale Prices Appendix B
against estimates of LRMC

Interconnectors are represented by linear losse=dban an approximation developed from
previous analysis of typical flows and marginaklesjuations published by the AEMO. This
is a simplification needed for the load block foofmanalysis and is intended to strike a
balance between representation of the impact ofimalrlosses on price outcomes and actual
(average) losses impacting physical dispatch.

Table B.9 sets out the key interconnection assumgtive commenced with. Where
interconnection capability impacted outcomes we plepared sensitivities with higher and
lower transfer capabilities to assist in explainiugcomes — these are discussed at the
relevant points in the main report.

Table B.9
Initial NEM Interconnector Characteristics
Interconnector From To  Max Forward (MW) Max Reserve (MW) Average Loss Factor

Basslink TAS VIC 594 478 0.09
Terannora NSW QLD 122 220 0.05
QNI NSW QLD 550 1,078 0.05
Murraylink VIC SA 220 120 0.025
Heywood VIC SA 460 460 0.025
VIC-NSW VIC NSW 1,500 1,000 0.12
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