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Disclaimer

The professional analysis and advice in this report has been prepared by
Intelligent Energy Systems Pty Ltd (IES) for the exclusive use of the party or
parties to whom it is addressed, the Recipient(s), and for the purposes specified
in the report. The report must not be published, quoted or disseminated by the
Recipient to any other party without the prior written consent of IES.

This report is supplied in good faith and reflects the knowledge, expertise and
experience of the consultants involved. In conducting the analysis for this report
IES has endeavoured to use what it considers is the best information available at
the date of publication, including any information supplied by the Recipient. IES
makes no representations or warranties as to the accuracy of the assumptions or
estimates on which the forecasts and calculations are based.

Although IES exercises reasonable care when making forecasts or predictions,
factors in the process, such as future market behaviour, are inherently uncertain
and cannot be reliably forecast or predicted. All projections, forecasts and
calculations in this report are for illustrative purposes only, using assumptions
and estimates described herein. The calculations are based on certain
assumptions which may not be realised or estimates which may prove to be
inaccurate. In addition, the projections involve a number of risks and
uncertainties. Actual results may be materially affected by changes in economic
and other circumstances. Factors that could cause actual results to differ
materially from the projections contained in the report, include, but are not limited
to, changes in interest rates, changes in general economic conditions, changes in
applicable legislation or government policy and changes in supply and demand
for energy.

IES makes no representation or warranty that any calculation, projection,
assumption or estimate contained in this report should or will be achieved or is or
will prove to be accurate. The reliance that the Recipient places upon the
calculations and projections in this report is a matter for the Recipient’s own
commercial judgement and IES accepts no responsibility whatsoever for any loss
occasioned by any person acting or refraining from action as a result of reliance
on the report. In addition, IES shall not be liable in respect of any claim arising
out of the failure of the Recipient’s investment to perform to the advantage of the
Recipient or to the advantage of the Recipient to the degree suggested or
assumed in any advice or forecast given by IES.

©  Copyright Intelligent Energy Systems. No part of this document may be used or reproduced

without Intelligent Energy Systems’ express permission in writing.
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Summary of Findings

IES has undertaken modelling for a group of generators to estimate the impact
on economic efficiency of relying upon the current NEM locational drivers for new
generator investments and operation signalling. This group of generators
comprises:

« Loy Yang Management Marketing Co;
e« AGL Hydro;

« TRUenergy;

o International Power;

« Flinders Power;

« Intergen;

« Delta Electricity;

« Snowy Mountains Hydro; and

¢« Hydro Tasmania.

The objective of the modelling undertaken by IES was to assess the potential
economic benefits to the market as a whole of locational signals incorporating
both energy and transmission costs. The modelling compared the “current
arrangements with two “hypothetical arrangements” which had varying degrees
of locational signals.

The basis of the modelling study is the Queensland region® modelled using an
explicit network model. The base time period is the fifteen-year period from
2006/07 to 2020/21. The key elements of the defined “hypothetical arrangement”
compared to the “current arrangement” (current NEM pricing regime) are outlined
as follows:

Current arrangements

The key features of the present NEM arrangements with respect to providing
locational incentives for generation are:

« Regional pricing with an expectation of stability of the current regional
boundaries;

« Static Marginal Loss Factors;
« Open access;

« The potential for generators to be constrained on or off without compensation
which can result in intra-regional congestion rationing through a “bidding war”

1 QLD was chosen due to the ready availability of information and the limited time frame in which this study
was to be conducted.
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process whereby generators offer their generation prices near the price floor;
and

e The regulatory test for future transmission investment.

Hypothetical arrangements

The hypothetical arrangements reflect the use of a fully integrated congestion
model of the NEM or an “idealistic generation/transmission planning” regime.
Under this regime investment decisions would be approximated in a competitive
market where investment is driven by the forecast price duration curve to
determine the nature and timing of the investment whilst taking into account all
fixed costs associated with the investment. This would mean that any new
generation proposals would incorporate into the locational costing decision:

« The entire cost of congestion caused by the decision; or
« The likely cost of building out that congestion; whichever is lower.

To fully assess the economic impact of hypothetical pricing regimes, IES has
undertaken modelling that addresses the following key aspects of cost to
consumers over a 15 year period (2006-07 to 2020-21):

« Generators behaviour (offering different supply curves)

« Different physical generator dispatches even though the physical network is
the same for the scenarios modelled until the point at which an option leads
to a change in network investment;

« Different out turned spot prices; and
« Different investment incentives and decisions — generation and transmission.

The approach IES developed to meet these objectives has been designed to
address the key issues and develop a suitable report within a limited timeframe.
IES’s approach has been to model 2 cases to compare to the current framework
as represented by a base or reference case. Each case has been modelled
utilising an explicit network model that properly takes into account all material
intra-regional constraints. An overview of the key parameters of each case and
the results of the modelling is provided below.

The Base Case

The Base Case has been designed to represent the current regulatory and
market design framework. The case uses standard NEM regional pricing for
generators and customers. Key assumptions for this case are as follows:

« Generator bids are determined in a manner that attempts to maximise the
generator’s profits given contract and spot revenues, and are based on the
regional reference price (RRP).
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« The modelling incorporates committed network upgrades, new generation
plant and plant upgrades as per the 2006 SOO and respective regional 2006
Annual Planning Reviews (APR).

« New entrant generation (other than committed as per the 2006 SOO) was
determined using an automated new entry model that assumes market-driven
merchant generation investment on the basis of the price duration curve that
generators would receive — in this case the regional reference price. New
entrant costs include locational fuel costs but do not include the cost of
electricity transmission upgrades.

e Transmission expansions other than those deemed as committed from the
respective 2006 APR have been made on the basis of reliability criteria i.e.
the TNSP's build new transmission when congestion builds to a point that
customer reliability criteria are impacted or when the network was
excessively constrained.

The base case modelling undertaken has been done with all generators bidding
to optimise their financial position against the QLD RRP - this is represented as
the Moreton North price, the zone/node where south pine is located. The other
prices in Figure 1 are nodal “shadow” prices and are used by IES in order to
assess and value transmission constraints in a regime where the opportunity-cost
value of those constraints is masked. These shadow prices (marginal costs)
currently exist in the NEM as calculated values for individual constraints, and can
be extracted from the NEMDE dispatch calculations published by NEMMCO.

The nodal prices in IES’s modelling approximately represent the situation where
all the network and security constraints that affect generation are incorporated
into a CSP regime.

Intelligent Energy Systems \Y
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Figure 1 Base Case RRP and Nodal Prices
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The forecast spot prices in Figure 1 are low, however that is a reflection of the
cost of new entry as applied in the modelling. IES used the ACIL Tasman new
entry costs as published in the 2006 SOO because they are publicly available

numbers.

Transmission was upgraded to meet reliability criteria or where nodal prices
consistently diverge in the modelling due to transmission constraints. The
transmission upgrades undertaken on this basis are outlined in Table 1 as

follows.

Table 1 Base Case Generic Transmission Upgrades
Year Upgrade Cost (AEC $M)
2017-18 500MW upgrade from Moreton_South to Gold Coast $7.53
2017-18 1000MW upgrade from South West to Moreton_South $46.58
2018-19 500MW upgrade from Central West to Moreton_North $62.27

NB: AEC is annual equivalent cost.

The capital cost of 2,000MW of transmission upgrades required in this modelling
case is $1.252 billion in current 2006 dollars.

Following the decision to undertake each transmission upgrade, anew sequence
of new entrants was created to reflect the impact of transmission upgrades on the
investors’ decision to build. The resulting new entry generation schedule reflects

Intelligent Energy Systems
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the low cost of coal in south west Queensland. Post (NGAC) subsidy?, the SRMC
of coal-fired plant in this region is $5.56. Of the 2,500MW of generic plant added
into the SW node 1,500MW is coal-fired plant. In effect a Kogan Creek B in 2013-
14 and Kogan Creek C in 2019-20.

There is also 500MW of coal-fired plant scheduled for entry in Tarong in 2014-15,
and in Gladstone in 2018-19. The remainder of the capacity (automatically)
planted in the region is gas-fired GT or CCGT plant, primarily required to meet
shoulder and peak requirements.

The estimated capital cost of the total construction required in the base case is
$5.028 billion over the 15 year period modelled as follows:

Table 2 Base Case Total Cost of (Generic) New Entry
Brownfield
Total cost New OCGT | Brownfield | New CCGT | Brownfield | New black | black coal
($M) $M OCGT$M | $M CCGT $M | coal $M $M
5,028.00 | 108.75 | 405.00 | 608.00 | 000 | 203L25| 1,875.00

Case 1: Locational Pricing for Generators

Case 1 assumes that generators are subject to a locational pricing regime, or
nodal pricing for generators and a full regime of constraint support pricing.

Unlike the Base Case generators profit maximise based on spot market revenues
derived from the locational price signal rather than the RRP, i.e. bids are now
focussed on the price at the node in which the generator resides. When all
constraints in the market are converted to Option 4 constraints and constraint
support pricing is applied to each constraint then the net result will be, to a close
approximation, nodal/locational pricing for generators. The differences between
constraint support pricing and nodal pricing would be caused by losses being
modelled as static loss factors in regions rather than dynamically (which would be
the case under nodal pricing), and that some security constraints may not be able
to be modelled as MW injections at specific nodes but may require the specific
MW outputs of units or power stations in constraint support pricing In this case

Case 1 is designed to reflect the impact of this implementation of constraint
support pricing across the NEM. This case could be considered an assessment
of the impact of just short run (spot market) locational signals on timing and
location of new entry.

Key assumptions for this case are as follows:

« New entrant generation in this case has been determined using the same
automated new entry model as the base case, but using the nodal price
duration curve rather than the RRP duration curve. Consistent with the base

2 |ES has assumed that any new coal-fired generation will utilise technology that ensures it is below the
NSW emissions benchmark, egg Kogan Creek.
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case new entrant costs include locational fuel costs but do not include
electricity transmission costs.

« Transmission expansion has been undertaken using the same methodology

as applied in the Base Case.

The nodal/locational price results from this modelling show less divergence than
the Base Case, with the exception of the Gold Coast area. This part of QLD is
characterised by high demand growth forecasts and minimal capacity for new
entry, i.e. limited numbers of locations/sites and a reliance on diesel fuel for any

generation placed in the node.

$/MWh

Figure 2 Case 1: Locational Queensland Spot prices ($/MWh)
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The significant differences between Case 1 and the Base Case come in the
transmission upgrades required and the timing and placement of generic new
entry. Case 1 required only one additional transmission upgrade between
Moreton South and the Gold Coast, due to the cost limitations on new entry in
that node. The capital cost of this generic transmission upgrade is $670 million.

The volume (and therefore cost) and type of generic new entry required when
plant receives locational prices rather than regional prices is significant as shown

by Table 3.

Intelligent Energy Systems
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Table 3 Summary of Case 1 New Entry Differences by Plant Type
Case 1l Base Case Difference
GT 1,050 750 300
cc 1,340 640 700
Coal 2,000 2,500 -500
Total 4,390 3,890 500

To some extent the change in the pricing regime has resulted in (cheaper)
generation replacing transmission upgrades. This is because in a nodal or
locational pricing regime smaller and more flexible generation configurations
have greater significance. The estimated capital cost of the total construction
required in Case 1 is $5.033 billion over the 15 year period as follows:

Table 4 Case 1 Total Cost of (Generic) New Entry
Total New New Brownfield
cost New Brownfield | CCGT Brownfield | black coal | black coal
($M) OCGT $M OCGT $M $M CCGT $M $™M $M
5,033.00 ‘ 870.00 | 101.25 ‘ 608.00 ‘ 360.00 ‘ 1,218.75 ‘ 1,875.00

This compares favourably to the base case capital cost of $5.028 hillion for
3,890MW of capacity. On a per MW basis the cost of capital in Case 1 is $1.15
million compared to the base case cost of $1.29 million, due solely to the change
in the generation mix.

The overall benefit of this case as measured by the NPV is $194.65 million,
driven for the most part by the change in the mix of new generation type. There
has been an increase in the overall dispatch cost caused by increased
generation from (relatively) more expensive plant, but this is offset by significant
reductions in transmission and generation capital costs.

Case 2: Transferring the Cost of Transmission to Generators
under a Locational Pricing Regime

Case 2 overlays the locational pricing regime investigated in Case 1 with a
congestion cost levied upon new entrant generators that reflects long run
locational costs based on future transmission costs. The case has been
designed to locate new generation projects in locations optimal to the industry as
a whole i.e. including TNSPs. This case has been referred to as the ‘hypothetical
arrangement’.

New entrant generation in this case has been determined using the same
automated new entry model as in Case 1, with new entry costs increased to
account for the expected costs of network upgrades. The only transmission
expansion not funded by increased new entry costs will be that required for
reliability.

In this modelling IES assumes that once the generation investment has been
made the transmission cost for the new generator remains fixed and hence
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unaffected by the generator’'s generation patterns. Therefore the generator’s

short run marginal costs (SRMC) are the same as for the Base Case and Case 1.

The levelised cost adders applied in Case 2 represent the costs of transmission
upgrades relative to the distance from load centres. The locational costs applied
to new entry in each node are shown at Table 5 below. These transmission costs
could considerably improved with further work, but were felt to be adequate to
give some idea of what the impact would be of a transmission charge for new

generation investments on the economic efficiency of the market.

Table 5 Case 2 Transmission Upgrade Cost Adders
k.m to | Cost of Cost Fixed | Total Capacit Effectiv Effectiv Levelised
Node prll(?;lﬁry Up%rad per km | Costs | Costs Uggc;fad ecost | © (i:r?St Cost
centre | ($k/km) ($'000) | ($'000) | ($'000) e (MW) per kW $/MWh Adder
Far North (FNQ)
Ross 325 700| 227,500 60,000 287,500 500 575 65.64 $6.10
North 540 700( 378,000 60,000{ 438,000 500 876/ 100.00 $9.30
Central West (CW) 871 700( 609,875| 60,000{ 669,875 500 1,340, 152.94 $14.22
Gladstone 540 700| 378,000{ 60,000{ 438,000 500 876| 100.00 $9.30
WideBay 290 700( 203,000| 60,000{ 263,000 500 526 60.05 $5.58
Moreton North (MN)
Moreton South (MS) 30 700 21,000{ 60,000{ 81,000 500 162 18.49 $1.72
Gold Coast (GC)
South West (SW) 286 1400| 401,100{ 100,000/ 501,100 1000 501 57.20 $5.53
Tarong 266 1400| 372,400 100,000| 472,400 1000 472 53.93 $5.01

In this case therefore the cost of building coal in south west Queensland would

be a fixed cost reflecting the capital cost of the plant plus a transmission fixed

cost reflecting the $5.53 for future transmission expenditure

Similar to Case 1, the significant differences between Case 2 and the Base Case

arise in the transmission upgrades required, and the timing and placement of

generic new entry. However unlike Case 1, Case 2 required no additional
transmission upgrades during the modelling period. The volume and type of
generic new entry required in Case 2 is summarised in Table 6.

Table 6 Summary of Case 2 New Entry Differences by Plant Type
Case 2 Base Case Difference
GT 1,350 750 600
cC 1,440 640 800
Coal 500 2,500 -2,000
Total 3,290 3,890 -600

In addition to a change in the type and location of the new entry when compared
to the Base Case, there has been a 600MW reduction in the overall volume of

Intelligent Energy Systems



FINAL

new entry required under this hypothetical arrangement. The estimated capital
cost of the total construction required in Case 2 is $3.057 billion over the 15 year
period modelled as follows:

Table 7 Case 2 Total Cost of (Generic) New Entry
Total New New Brownfield
cost New Brownfield | CCGT Brownfield | black coal | black coal
($M) OCGT $M | OCGT $M $M CCGT $M $M $M
3,056.75 ‘ 978.75 | 0.00 ‘ 608.00 ‘ 720.00 ‘ 0.00 ‘ 750.00

This compares favourably to the base case capital cost of $5.028 billion for

3,890MW of capacity. On a per MW basis the cost of capital in Case 2 is $0.93
million compared to the base case cost of $1.29 million.

The overall benefit of this case is $222 million, as measured by the NPV.
Consistent with the Case 1 results, the change in new generation mix and
location has driven the NPV benefit in Case 2; however the optimisation of new

entry generation to include a transmission cost has resulted in both a reduction in
the volume of new plant required, and the delay of all base case transmission
upgrades.

The relative breakdown of the NPV variance is between Cases 1 and 2 shown in
Table 8 below.

Table 8 Comparison of Benefits between Cases 1 and 2
Dispatch Costs | Capital Costs Transmission Total Costs
($M) (AEC - $M) Costs (AEC - $M) | ($M)
Case 1 Total $ -132.44 277.32 395.73 540.61
Case 2 Total $ -983.76 1,160.89 403.26 580.39
Case 1 NPV -58.06 130.80 121.91 194.65
Case 2 NPV -365.52 464.06 123.98 222.52

IES acknowledges that the calculation of the levelised cost adder in the manner
undertaken for this case does not address transmission issues currently existing
within the Ross and North regions of Queensland. The methodology used in
calculating the adder is a great simplification of what a transmission charging
regime for new generation might realistically look like. However, despite its
shortcomings the hypothetical regime still shows net benefits for the market.

Intelligent Energy Systems Xi
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Introduction

The AEMC is currently reviewing congestion management in the NEM. As part of
this process a group of generators engaged IES to estimate the impacts on
economic efficiency of relying upon the current NEM locational drivers for their
impacts on new generator investments and operations. This group of generators
comprises:

« Loy Yang Management Marketing Co;

e« AGL Hydro;

« TRUenergy;

« International Power;

o Flinders Power;

« Intergen;

« Delta Electricity;

e« Snowy Mountains Hydro; and

¢ Hydro Tasmania.

This group of generators will hereafter be referred to as the “Engagement Gens”.

The objective of the modelling undertaken by IES was to assess the potential
economic benefits to the market as a whole of locational signals incorporating
both energy and transmission costs. The modelling compared the “current
arrangements with two “hypothetical arrangements” which had varying degrees
of locational signals.

Current arrangements

The key features of the present NEM arrangements with respect to providing
locational incentives for generation are:

« Regional pricing with an expectation of stability of the current regional
boundaries;

« Static Marginal Loss Factors;
e« Open access;

« The potential for generators to be constrained on or off without compensation
which can result in intra-regional congestion rationing through a “bidding war”
process whereby generators offer their generation prices near the price floor;
and

« The regulatory test for future transmission investment.

Intelligent Energy Systems 1
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Hypothetical arrangements

The hypothetical arrangements reflect the use of a fully integrated congestion
model of the NEM or an “idealistic generation/transmission planning” regime.
Under this regime investment decisions would be approximated in a competitive
market where investment is driven by the forecast price duration curve to
determine the nature and timing of the investment whilst taking into account all
fixed costs associated with the investment. This would mean that any new
generation proposals would incorporate into the locational costing decision:

« The entire cost of congestion caused by the decision; or

« The likely cost of building out that congestion; whichever is lower.

Terms of Reference
The Terms of Reference provided to IES were as follows.

The consultant, using a market simulation, will estimate the resulting
efficiency advantages, over an appropriate investment timeframe, such as
10 or 15 years if the hypothetical arrangements were adopted compared to
the current NEM arrangements for congestion management and
transmission pricing.

The new generation entrants in the simulation would be driven by the price
duration curves. That is the new entrants would be the most ‘profitable’ new
entrant plant technologies based on the price duration curves.

It is expected that a well developed NEM model with a new-entrant simulator
can be used to propose new projects and that the consultant will:

. In the base case allow these projects to locate in locations that appear
optimal to the investor within the current regime.

. In the hypothetical case locate these projects in locations optimal to the
industry as a whole, i.e. the “idealist generator/transmission planning”
approach.®

The consultant will scope out the task and hold a phone conference with the
proponents within one week of proceeding. Within 2 weeks of that date, the
consultant will prepare a draft report and hold another phone conference. A
final report is to be provided within 1 week of the draft report.

Due to deadline concerns the proponents understand that the analysis will
not be exhaustive and that a number of assumptions will be required and
these should be outlined in the report.

® The new entrant costs are adjusted to accommodate the higher total costs in the hypothetical case-which
may alter the new entrant plant mix.

Intelligent Energy Systems 2
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IES Modelling Approach

The objective of the modelling IES has undertaken is to assess the economic
impact of hypothetical pricing regimes with and without transmission costs
included versus the current regime of regional pricing in terms of:

« Generators behaviour (offering different supply curves)

« Different physical generator dispatches even though the physical network is
the same for the scenarios modelled until the point at which an option leads
to a change in network investment;

« Different out turned spot prices; and
« Different investment incentives and decisions — generation and transmission.

The approach IES developed to meet these objectives has been designed to
address the key issues and develop a suitable report within a limited timeframe.
IES’s approach has been to model 2 cases to compare to the current framework
as represented by a base or reference case. Each case has been modelled
utilising an explicit network model that properly takes into account all material
intra-regional constraints. An overview of the key parameters of each case is
provided below.

The basis of the modelling study is the Queensland region* modelled using an
explicit network model. The base time period is the fifteen-year period from
2006/07 to 2020/21.

The Base Case

The Base Case was designed to represent the current regulatory and market
design framework. The case uses standard NEM regional pricing for generators
and customers. The following assumptions have been made about generation
and transmission over the 15 years modelled.

Generator bids are determined in a manner that attempts to maximise the
generator’s profits given contract and spot revenues, and are based on the
regional reference price (RRP).

The modelling incorporates committed network upgrades, new generation plant
and plant upgrades as per the 2006 SOO and respective regional 2006 Annual
Planning Reviews (APR).

New entrant generation (other than committed as per the 2006 SOO) was
determined using an automated new entry model that assumes market-driven
merchant generation investment on the basis of the price duration curve that
generators would receive — in this case the regional reference price. New entrant

4 QLD was chosen due to the ready availability of information and the limited time frame in which this study
was to be conducted.
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costs include locational fuel costs but do not include the cost of electricity
transmission upgrades.

Transmission expansions other than those deemed as committed from the
respective 2006 APR have been made on the basis of reliability criteria i.e. the
TNSP's build new transmission when congestion builds to a point that customer
reliability criteria are impacted or when the network was excessively constrained.

Case 1: Locational Pricing for Generators

Case 1 assumes that generators are subject to a locational pricing regime, or
nodal pricing for generators and a full regime of constraint support pricing.

Unlike the Base Case generators profit maximise based on spot market revenues
derived from the locational price signal rather than the RRP, i.e. bids are now
focussed on the price at the node in which the generator resides. When all
constraints in the market are converted to Option 4 constraints and if constraint
support pricing is applied to each constraint then the net result will be, to a close
approximation, nodal/locational pricing for generators. The differences between
constraint support pricing and nodal pricing would be caused by losses being
modelled as static loss factors in regions rather than dynamically (which would be
the case under nodal pricing), and that some security constraints may not be able
to be modelled as MW injections at specific nodes but may require the specific
MW outputs of units or power stations in constraint support pricing

Case 1 is designed to reflect the impact of this implementation of constraint
support pricing across the NEM. This case could be considered an assessment
of the impact of just short run (spot market) locational signals on timing and
location of new entry.

New entrant generation in this case has been determined using the same
automated new entry model as the base case, but using the nodal price duration
curve rather than the RRP duration curve. Consistent with the base case new
entrant costs include locational fuel costs but do not include electricity
transmission costs.

Transmission expansion has been undertaken using the same methodology as
applied in the Base Case.

Case 2: Transferring the Cost of Transmission to
Generators under a Locational Pricing Regime

Case 2 overlays the locational pricing regime investigated in Case 1 with a
congestion cost levied upon new entrant generators that reflects long run
locational costs based on future transmission costs. The case has been
designed to locate new generation projects in locations optimal to the industry as
a whole i.e. including TNSPs. This case has been referred to as the ‘hypothetical
arrangement’.

Intelligent Energy Systems 4
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New entrant generation in this case has been determined using the same
automated new entry model as in Case 1, with new entry costs increased to
account for the expected costs of network upgrades. The only transmission
expansion not funded by increased new entry costs will be that required for
reliability.

In this modelling IES assumes that once the generation investment has been
made the transmission cost for the new generator remains fixed and hence
unaffected by the generator’'s generation patterns. Therefore the generator’s
short run marginal costs (SRMC) are the same as for the Base Case and Case 1.

2.3.1 Calculation of the Transmission Cost Levy

In order to calculate what the transmission costs per new entrant would be, IES
has undertaken an assessment of the costs of grid augmentation. These have
been converted to a $/MWh fixed cost that would be added to the generator’s
other fixed plant costs that would be considered in the investment decision.

No data is publicly available on the costs of specific augmentations, and the
regional APRs do not present historic upgrade cost data. IES has therefore
made the following assumptions that we believe are indicative of the costs of
transmission options available in Queensland:

e 275 kV transmission costs of $700,000/km;
« 500 kV transmission costs of $1400,000/km;

« Central West to South East upgrade would require approximately 300 km of
transmission infrastructure;

« Braemar to Tarong would require approximately 60 km of transmission
infrastructure;

« Upgrades to the Tarong - South West — South East would be undertaken via
500 kV transmission;

« New substation cost of $60M;

IES has also assumed a very simple transmission pricing model that assumes
that the transmission costs are based on the distance to an identified load
location which represents a point at the end of the network, in this case Far North
Queensland, Moreton North and Gold Coast.

Utilising the above assumptions, IES has established a standardised set of
constraint upgrade cost adders that will apply to each node in QLD. These are
shown in Table 2-1 below. These transmission costs could considerably
improved with further work, but were felt to be adequate to give some idea of
what the impact would be of a transmission charge for new generation
investments on the economic efficiency of the market.

Intelligent Energy Systems 5
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Table 2-1 Case 2 Transmission Upgrade Cost Adders

km to Cost of |Cost per| Fixed Total Capoa}cny Effective|Effective|Levelise
Node primary | Upgrade km Costs Costs Uparade cost per| costin | d Cost
load centre|($000/km)| ($'000) | ($'000) | ($'000) ?&W) kKW | $/MWh | Adder
Far North (FNQ)
Ross 325 700/ 227,500/ 60,000 287,500 500 575 65.64 $6.10
North 540 700/ 378,000 60,000 438,000 500 876/ 100.00 $9.30
%\;\‘;)ra' West 871 700| 609,875 60,000 669,875 500 1,340 152.94| $14.22
Gladstone 540 700/ 378,000 60,000 438,000 500 876/ 100.00 $9.30
WideBay 290 700| 203,000 60,000/ 263,000 500 526 60.05 $5.58
Moreton North
(MN)
xﬂ"é‘;to” South 30 700 21,0000 60,000 81,000 500 162|  18.49)  $1.72
Gold Coast (GC)
(SSOVL\‘})h West 286 1400| 401,100| 100,000/ 501,100 1000 501| 57.20]  $5.53
Tarong 266 1400 372,400 100,000| 472,400 1000 472 53.93 $5.01
In calculating the levelised upgrade cost adders IES have assumed a life of 40
years and a discount rate of 9%.
2.4 Scenario Management
The design of the market simulation experiments must take into account that
whilst the differences in estimated total dispatch costs for the NEM between
scenarios may be material they can be very small when compared to the
market’s overall dispatch cost. As such, it is important to rule out any sources of
noise by ensuring the following:
« The same forced and unforced outage sequences to be used for all options;
« The same physical networks and constraints to be used for all options until
the point at which an option leads to a change in network investment;
« Careful management of hydro plant and valuation of water in storage to
ensure there are no spurious results obtained due to differing amounts of
hydro generation over the study periods;
« For later years of the simulations, i.e. once new generation is required over
and above what has been committed, the location and type of new entrant
generation to be based on predetermined market criteria;
« The allocation of contracts to generator portfolios to be consistent for all
options to ensure that the allocation of contracts does not bias the results for
any option.
These criteria have been incorporated in the modelling undertaken for this
assignment.
Intelligent Energy Systems 6
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Measurement of Results
The deliverables from this modelling are:

« The quantification and comparison of the economic cost differences between
the cases: dispatch costs, reliability/unserved energy costs, generation
investment costs and transmission investment costs; and

« A comparison of the outcomes over a 15 year period on an NPV basis using
an appropriate discount rate, and accounting for terminal values of any new
assets using an annual equivalent cost approach. This includes the
calculation of efficiency differences between scenarios.

In order to provide these deliverables IES has used a model of the NEM that is
able to simulate generator bidding behaviour given different congestion
management pricing regimes. This model is able to clear the market based on
the physical network i.e. dispatch plant, and determine regional, zonal or nodal
prices based on the actual physical network.

Fuel and operating costs have been calculated from the modelling results in each
case and are used as a measure of the dispatch cost. This has been done for
the NEM as a whole because the relative value of flows across QNI and
Directlink into QLD cannot be separated from the dispatch of the other regions of
the NEM. In order to minimise the impact of this change, modelling assumptions
for all regions other than QLD i.e. new entry of generation plant, behaviour,
outages etc, have been calibrated in the base case and are then held constant in
all runs. Thus the difference in the dispatch costs between the cases is a good
measure of the impact of the different QLD regimes on dispatch costs.

The differences in spot prices and hence spot market revenues caused by the
different types of pricing regime will result in different market based generation
investments, and therefore different transmission investments. These differences
in the capital investment cost have also been captured in the benefit calculations
and incorporated into the calculation of the NPV for each case.

The total dispatch costs were determined as follows:
« For thermal plant, dispatch costs were determined as generation x SRMC;

« For hydro plant, dispatch costs were determined as the difference in the
value of water stored at end of the simulation with value of water stored at
beginning of the simulation;

« For pumped storage plant, pumping costs were not directly calculated as
these costs were captured by the increase in thermal plant costs and
changes in hydro storage levels that were caused by changes in demand
resulting from pumping; and

« For voluntary load shedding, the demand management costs were
determined by the reduced demand x the value of power to the load (the bid
price).
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Calculating the differential NPV is very similar to that required for the regulatory
test for transmission upgrades. Utilising an approach of this type also aligns with
the market objective that the AEMC is obliged to account for when assessing the
benefits of various Rule changes.

The simulation model

IES has used the PROPHET simulation model to undertake the simulations
required to deliver estimates of benefits under the regimes outlined above.
PROPHET is capable of modelling a full AC network (using a DC load flow
approximation) or just a simple regional network like that currently used in the
NEM with security constraints to manage the transmission system. NEMMCO
uses PROPHET for its ANTS studies.

PROPHET is able to be used in this type of congestion management/regional
boundary assessment work because it can be configured as a regional model for
pricing/settlements and a full network model to represent the physical system and
determine the actual dispatch of plant based on their bids and offers. This
feature allows IES to estimate nodal prices, regional prices, constraint support
prices (CSPs) and FTR payments or constraint support contract payments
(CSCs) for power stations around a constraint and with respect to multiple
constraints. It is this feature that enables the calculation of differential NPV
values for the purposes of assessing the relative merits of the regimes outlined in
Sections 2.1 through 2.3 above.
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Detail of Modelling Assumptions

This section presents the principal assumptions used in the development of all
Cases.

« The Queensland region was represented using a 10-node model that was
adapted from the 2006 Powerlink Annual Planning Review (APR), with
subsequent amendments.

« All cases were modelled with the majority of Queensland and New South
Wales generation dynamically optimising their bidding behaviour for each
half-hourly solve period, namely:

— Intergen;

— CS Energy;

—  Stanwell Corporation;

— Tarong Energy Corporation;
— Delta Electricity;

—  Eraring Energy; and

— Macquarie Generation.

Transmission Topology

The topology used in the modelling is based on Powerlink’s ten zone model of
Queensland as shown in Figure 3-1.

This model has been extended to eleven zones with the South West zone split
into south west and Tarong zones in order to better model the SWQ limit. In this
model all of the major security constraints are managed by limits on cut set flows.
The details of the limits can be found in Powerlink’s Annual Planning Review.
The use of this eleven-zone model ensures that the modelled generator bidding
behaviour reflects intra-regional constraints. Updated versions of these
constraints, and the formulation of these constraints after the committed
augmentations, were provided to IES by Powerlink. The loss equations and
admittances for each branch of the 11 zone QLD network were provided to IES
by Powerlink.

The 11 node Queensland model and the complete NEM model used together
with constraint limits is shown in Figure 3-2.

Intelligent Energy Systems 9



FINAL 4BDETAIL OF MODELLING ASSUMPTIONS

Figure 3-1  Zonal QLD Network®
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Figure 3-2 NEM Nodal Model
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3.1.1 Transmission (Intra-connect) Augmentations

Committed network upgrades, as specified in the Powerlink APR and from
discussions with Powerlink, will be included in the modelling. The limits on each
of the lines over the modelling period are shown in Table 3-1. The line limits are

the same in both directions.

Table 3-1 Simple Network Line Limits (MW)

2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 (2)?13/-V4ards

CW_GSTONE 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500
CW_NORTH 1200 | 1200 | 1270 | 1300 | 1590 | 1590 | 1590 | 1590 | 1940
CW_Tarong 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500
GCT_TWEED 300 300 300 300 300 300 300 300 300

GSTONE_WBAY | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500 | 1500
M_N_M_S 3500 | 3500 | 3910 | 3935 | 4095 | 4255 | 4415 | 4575 | 4575
M_S_GCT 1000 | 1000 | 1115 | 1205 | 1205 | 1205 | 1225 | 1285 | 1360
NORTH_ROSS 900 900 970 1000 | 1290 | 1290 | 1290 | 1290 | 1640
ROSS_FNQ 400 400 400 450 450 450 450 460 460

SW_M_S 1500 | 1500 | 1910 | 1935 | 2095 | 2255 | 2415 | 2575 | 2575
SW_Tarong 2000 | 2000 | 2600 | 2600 | 2850 | 3000 | 3750 | 3750 | 3750
Tarong_M_N 4000 | 4000 | 4410 | 4435 | 4595 | 4755 | 4915 | 5075 | 5075
WIDEBAY_M_N 1300 | 1300 | 1300 | 1300 | 1300 | 1300 | 1300 | 1300 | 1300

Specific references to the upgrades assumed to occur in all cases, and reflected
in the line limits in Table 3-1 above are outlined in Table 3-2 below.

Table 3-2 Detail of QLD upgrades included in all cases®
" "o imi APR
Far North Queensland" Limit NQ -> FNQ Source Pg
October 2008 (Second Chalumbin to Woree +50
275kV) Powerlink APR: Committed p50
October 2012 (Woree 50MVAr capacitor bank) +10 Powerlink
October 2015 (Woree 50MVAr capacitor bank) +10 Powerlink
October 2016 (Ross to Woree 275kV) +100 Powerlink
"Central to North Queensland" Limit CW -> NQ
October 2007 (CQ-NQ reinforcement stage 1) +70 Powerlink APR: Committed p50
October 2008 (CQ-NQ reinforcement stage 2) +30 Powerlink APR: Committed p50
October 2009 (CQ-NQ reinforcement stage 3) +290 Powerlink APR: Committed p50
October 2013 (Stanwell-Broadsound string
- +350 .
second side) Powerlink
N Wy CW ->TAR +
Central to South Queensland" Limit GLAD -> WB
October 2008 (Woolooga SVC) +100 Powerlink APR: Routine p15
® Source: APR and discussions with Powerlink
Intelligent Energy Systems 12
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3.2

"Tarong to Brisbane" Limit WS'CVIZ-ZMMNS+

Octobgr 2007 (Middle Ridge to Greenbank and +410 _ _

capacitor banks) Powerlink APR: Committed p50
October 2008 (Abermain TX) +25 Powerlink APR: Committed p50
October 2009 (Capacitor banks) +160 Powerlink APR: Committed p83
October 2010 (Capacitor banks) +160 Powerlink APR: Committed | p83
October 2011 (Capacitor banks) +160 Powerlink

October 2012 (Capacitor banks) +160 Powerlink

"South West Queensland"” Limit gwg Z ;I\—AASR *

October 2007 (Middle Ridge to Greenbank) +600 Powerlink APR: Committed p50
October 2009 (Upgrade 2nd Middle Ridge TX) +250 Powerlink APR: Routine pl6
October 2010 (Millmerran series reactors) +150 Powerlink APR: Routine pl6
O(_:tober 2011 (Tarong to Braemar +750 ‘ _
reinforcement) Powerlink APR: Routine pl6
"Gold Coast" Limit MS -> GC

October 2007 (Second Molendinar 275/110kV +115 _ _

TX) Powerlink APR: Committed p50
October 2008 (Capacitor banks) +90 Powerlink APR: Routine pl7
October 2011 (Capacitor banks) +20 Powerlink

October 2012 (Capacitor banks) +60 Powerlink

October 2013 (Third Molendinar 275/110kV TX) | +75 Powerlink

New Entry Generation — Approach and Costs

This section presents the approach to the economics of new entry generation

and the assumptions of cost IES has applied in the modelling

3.2.1 New Entry Process

IES has developed an automated new entry feature for PROPHET that brings
new generators on line based on the spot market price duration curve at nodal,
zonal or regional locations.

In each year a premium curve, P(x), for each region, zone or node | produced.
The premium curve for a year gives the average price above a specified price.
That is:

P(x)= average over year of Max(P; — X, 0), where P, is the spot price at time t

For a generator with a marginal cost of y ($/MWh), the premium curve point P(y)
represents the average gross margin that the plant could obtain over the year if it
generated at maximum capacity any time the price was over its marginal cost of
y. P(y) represents the amount that the generator could earn from the spot, over
and above its variable costs, which could contribute to it covering its fixed costs.

The premium curves and an input list of potential new generators are used to
create a ‘merit order’ ranking of all plant with premiums which exceed their fixed
costs, with optional threshold values applied. The process then trials the plant at
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the top of the rank and determines if the premiums still exceed the plant’s fixed

costs with the plant in the market. If the plant does not pass the test, the plant is
taken out of the market and the next plant on the merit list is trialled. If the plant

does pass the test the plant remains committed and a new merit list is created
with the plant in the market. This process is continued until no more potential

new entrants are available.

The input list of potential new generators includes known planned projects and
generic new entrants. When there is more than one plant of the same type
(same fuel type, node, variable and fixed costs) at the one location a pre-
determined priority ranking is used to determine which plant enters the market

first. A list of all the potential new plants — generic or otherwise, assumed by IES

to be available to be planted in any Queensland node is shown in Table 3-3.

Table 3-3 QLD Potential New Generators
Node Plant Business Fuel Size (MW) Priority
Unit Type
South West Spring Gully 1 Origin CCGT 500 1
South West Spring Gully 2 Origin CCGT 500 2
South West QLD_Sw_CcC_1 Generic CCGT 500 3
South West QLD_Sw_CcC_2 Generic CCGT 500 4
South West Braemer2_1 Wambo OCGT 150 1
South West Braemer2_2 Wambo OCGT 150 2
South West Braemer2_3 Wambo OCGT 150 3
South West Kogan Creek B CS Energy Coal 750 1
South West QLD_SW_Coal_1 Generic Coal 750 2
South West QLD_SW_Coal_2 Generic Coal 750 3
Tarong Chinchilla QGC CCGT 240 1
Tarong Tarong North 2 Tarong Coal 500 1
Moreton South Swanbank F1 CS Energy CCGT 400 1
Moreton South Swanbank F2 CS Energy CCGT 400 2
Moreton South QLD_MS_CcC Generic CCGT 400 3
Moreton South CS_MS_GT CS Energy OCGT 150 1
Moreton South QLD _MS GT_1 Generic OCGT 150 2
Moreton South QLD_MS_GT_2 Generic OCGT 150 3
Central West Stanwell Peaker_1 Stanwell OCGT 150 1
Central West Stanwell Peaker_2 Stanwell OCGT 150 2
Central West QLD_CW_GT Generic OCGT 150 3
Central West CS_Cw_cCcC CS Energy CCGT 400 1
Central West QLD_Cw_cCC Generic CCGT 400 1
Central West QLD_CW _Coal_1 Generic Coal 500 1
Central West Stanwell_CW_Coal Stanwell Coal 500 2
Central West QLD_CW_Coal_2 Generic Coal 500 3
Gladstone QLD_Glad_CC Generic CCGT 400 1
Gladstone QLD_Glad_GT Generic OCGT 150 1
Ross | AGL Townsville AGL CCGT 400 1
Intelligent Energy Systems 14
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Node Plant Business Fuel Size (MW) Priority
Unit Type

Ross Origin Townsville Origin CCGT 400

Ross QLD_Ross_GT_1 Generic OCGT 150

Ross QLD_Ross_GT_2 Generic OCGT 150

North Stanwell_Coal Stanwell Coal 500 1

North QLD_North_CC Generic CCGT 400 1

North QLD_North_GT Generic CCGT 150

3.2.2 New Entry Costs - SRMC

New entry generation costs are comprised of Short Run Marginal Costs (SRMC)
and Fixed Costs (FC). For the different locations in Queensland the SRMC are
shown below. The information has been sourced from the 2005 ACIL Tasman
report on NEM generator costs (Part 2). IES has adjusted these costs for
subsidies from either the QGIC or GGAS scheme as applicable. IES has chosen
to use ACIL Tasman numbers rather than internally developed costs because
they are publicly available, and have been included in the 2006 SOO.

Table 3-4 SRMC of Coal, CCGT and OCGT Plant
Zone’ SRMC ($/MWh) | SRMC after subsidy ($/MWh)
CCGT's
NQ $31.29 $15.79
CcQ $26.79 $11.29
SEQ $25.86 $10.36
SWQ $24.08 $8.58
NCEN $32.92 $25.22
SWNSW $30.98 $23.28
CAN $34.78 $27.08
SNY $31.75 $24.05
NVIC $34.78 $27.08
LV $25.94 $18.24
MEL $27.65 $19.95
cvIC $26.48 $18.78
NSA $31.60 $23.90
ADE $30.67 $22.97
SESA $28.65 $20.95
TAS $34.78 $27.08
Coal Fired Plant
NQ $10.54 $8.04
cQ $10.04 $7.54
SWQ $8.06 $5.56
NCEN $9.05 $6.55
SWNSW $11.04 $8.54
LV $7.35 $4.85
OCGT's
NQ $55.66 $40.16
CcQ $48.49 $32.99

" Zone names have been abbreviated. Definitions are contained in Appendix A.

Intelligent Energy Systems
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Zone’ SRMC ($/MWh) SRMC after subsidy ($/MWh)
SEQ $47.01 $31.51
SWQ $44.16 $28.66
NCEN $58.23 $54.33
SWNSW $55.21 $51.31
CAN $61.13 $57.23
SNY $56.34 $52.44
NVIC $61.13 $57.23
LV $47.12 $43.22
MEL $49.85 $45.95
CVIC $48.03 $44.13
NSA $56.12 $52.22
ADE $54.64 $50.74
SESA $51.45 $47.55
TAS $61.13 $57.23

IES has assumed that the GEC subsidy is no longer applicable to new entrants
from 2011 onwards because the 13% target has been exceeded by this time.

3.2.3 New Entry Costs — Capital Costs

The capital costs assumed, based on a real pre-tax discount rate of 9%, are
shown in Table 3-5 below. The number applied in the IES modelling is the

levelised cost expressed as $/MWh.

Table 3-5 Fixed Capital Costs®
OCGT CCGT Black Black Coal Brown
OCCT | prownfield) | CCCT | (brownfield) | Coal | (brownfield) | Coal

Capital Cost ($/kW) 725 675 950 900 1625 1500 2049
Life 25 25 30 30 30 30 30
Annual Equivalent

Cost ($/MW per

year) 73,810 68,719 | 92,470 87,603 | 158,172 146,005 | 199,450
Levelised Capital

Cost ($/MWh) 8.43 784 | 10.56 10.00 |  18.06 1667 |  22.77

3.3

Generator Behaviour

A key impact on the modelling results is the effect that a different pricing regime
has on “rational generator” bidding behaviour. This effect will feed through into
pool prices, dispatch patterns and the economic timing of new entry generation.
The approach to modelling generator behaviour applied by IES is described

below.

3.3.1 Overview of PROPHET Dynamic Bidding

The current structure of the NEM is such that it is not perfectly competitive; there
are a number of larger generating portfolios that are able to exert some degree of

market power. Consequently, most of these larger portfolios do not bid all their

® |n Real July 2006 dollars
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plant at their short run marginal costs, but bid their plant to maximise their profits
recognising that their generation faces a price versus volume trade-off.

The most common approach to modelling these behaviours in the Australian
market has been for analysts to develop a set of generator bids prior to the start
of a simulation model run. The bids are generally developed based on
assessments of competition levels, existing contracts and possibly recent bidding
trends evident in the market®. This would most likely be done on a time sector
basis, with different bid patterns assessed and entered in the model for each
season and time sector (e.g. peak, off-peak and shoulder periods). Some of the
problems with this approach are:

When market conditions change, the bids are “static” and do not respond.
An example of this is a highly contracted generator portfolio that suffers a
generator outage. In the actual market, the portfolio would recast its bids so
that the remaining generators covered the contract position.

In the market, generator spot trading managers are constantly searching for
opportunities to improve their profitability (either short term or long term)
through changing their bids. This action is not captured by a static bid
representation.

The development of pre-determined generator bids can be subjective.

To overcome these issues, IES used the dynamic bidding feature of the
PROPHET model. This module automatically optimises the generator portfolio
bids each half hour. In essence it achieves this by:

computing the price sensitivities to changes in generator output at each of
the portfolio’s nodes (connection points),

grouping the nodes into similar price volume relationships through an
analysis of which constraints are binding,

using a heuristic to optimise the changes in generator and/or pumping
volumes such that the portfolio’s profits are maximised considering:

marginal generator costs,
price volume relationships, and
swap and cap contract portfolio,

adjusting the unit offers/bids to match the new optimal outputs and the
corresponding clearing prices at the unit connection points. These
connection prices may differ from the regional reference prices if there are
intra-regional constraints that are binding in the network model.

9

Competition levels might be assessed through the demand/supply balance, the number of generator

portfolios, the size of the individual portfolios and the level of contracting.
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3.3.2 Modelling the Market Impact of Generation Portfolios in the
NEM

All IES modelling undertaken utilises the PROPHET Dynamic Bidding module as
described above. This bidding form allows the units residing within a portfolio to
have their dispatch optimised for that portfolio.

Most generators in the NEM are of sufficient size to be able to influence the spot
price in their region by changing the amount they generate. Thus if a generator
were seeking to maximise its profits it would have to consider the expected
impact on its total revenue of a change in quantity of generation offered to the
market. This change in total revenue for a small change in output (generation) is
called the marginal revenue and is defined as the change in total revenue for a
unit change in output.

Profit is maximised in the short run when marginal revenue equals marginal cost.
Consequently, a generator should try to bid into the market in such a way that its
expected marginal revenue for each half hour is equal to its marginal cost of
generation.

3.3.3 Allocation of Contracts to Generation Portfolios

Contracts are allocated to generation portfolios on the following basis. An overall
level of contracting for each region is established. That is, the proportion of the
expected demand that is contracted is determined for each region. Being based
on an expected profile of load, conditions that move actual demand outcomes
away from the expected, most notably weather conditions produce periods of
high and low “spot exposure”. This is a key ingredient to spot price volatility.

The total level of contracts in the market is specified in terms of the percentages
of retail load contracted in defined time sectors, usually in the peak period and off
peak period. Once the overall level of contracting has been determined then any
predetermined contacts are allocated to the relevant portfolios. The remainder of
the contracts are allocated in proportion to the expected generation of each
portfolio adjusted for the already committed contracts.

Once the overall positions for the portfolios are established, the Dynamic Bidding
Module undertakes the following process:

« For each generation portfolio, create offer prices that reflect marginal costs,
cap and floor contract prices and a range of high and low prices for managing
generation.

« Create the static ‘total bid’ for the portfolio based on the portfolio’s offer
prices and computed quantities for these offer prices using the simple
generator bid model.

« Allocate the portfolio's total bid to bids for individual units within the portfolio.

« Perform sensitivity analyses for each region for the last trading interval (half
hour or hour depending on the modelling time interval chosen) to determine
the spot price vs. changes in generator output curve.
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« [For each generation portfolio selected to dynamically bid, perform a
sensitivity analysis to determine its optimal output and corresponding market
clearing price.

« Use each generator's optimal output and market clearing price to adjust the
quantities in the portfolio’s static total bid.

« From the new dynamic bid for the portfolio adjust the unit bids to create
dynamic unit bids.

It is in this manner that the optimal operation (i.e. the most profitable) of the units
residing within each Queensland portfolio has been modelled.

In all cases modelled IES has assumed that active retailers in Queensland will
contract their overall load with swaps to 90% of total demand with the remainder
of the retailers’ positions covered with cap contracts struck at $300, excluding
those contracts written for GEC’s and accounted for separately. At no time does
the overall contract level in Queensland exceed 105% of demand.

Demand Assumptions

Demand growth is modelled for each of the eleven Queensland nodes using the
published energy and demand projections from the Powerlink 2006 Annual
Planning Report (APR) with additional data supplied from Powerlink for the South
West and Tarong nodes.

The half hourly load traces for the 04/05 financial year have been used and are
scaled to give the annual energy and demand figures that are consistent with the
Powerlink forecasts, yet maintain the half hourly statistical variations observed in
the historical data.

The 04/05 financial year was chosen as the reference year because the
Queensland summer daily average temperatures in that year were close to the
Bureau of Meteorology (BOM) long term climate averages; and being a recent
year it would contain more of the effects of the increase in air-conditioning loads
than previous years.

Supply Assumptions

3.5.1 Existing Generators

Generator capacity will be based on the 2006 NEMMCO Statement of
Opportunities (NEMMCO SOO). Generator fuel costs will also be updated to
reflect ACIL’s Feb 2005 Report on Generator costs. Minimum output levels,
planned and forced outage rates will be based on the 2006 NEMMCO ANTS
Data and Assumptions Consultation — Issues Paper. Maintenance schedules for
all generators are set up to approximate planned maintenance schedules
observed in the market. That is, most maintenance is scheduled to correspond
to times of lower loads and expected prices. Plant forced outages are set up so
that they can be aligned between different scenarios to remove any noise.
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Assumptions about the characteristics of existing generators such as:

« MW capacity;

e Auxiliary usage;
e Marginal loss factors (MLFs);
¢ Marginal costs;

« Planned maintenance; and

« Forced outage rates,

have been provided under separate cover.

3.5.2 Committed Supply Developments

The planned generation projects which will be included in the modelling are
shown in Table 3-6. These projects are classified as committed in the 2006

NEMMCO SOO.

Table 3-6 Supply Developments

Development Name | Region Details Timing
Kogan Creek (CS QLD 750 MW base load (coal | 1/10/2007
Energy) fired)

Tallawarra NSW 400MW CCGT 1/07/2008

The 480MW Swanbank B power station will be retired on 1 July 2011.

Intelligent Energy Systems
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Modelling Results

All forecast prices are in real July 2006 Australian dollars. Years are financial
years.

Base Case Modelling Results

The Base Case modelled represents the status quo (current regulatory and
market design framework) of the market as outlined in Section 2.1. The results of
this modelling are presented in Figure 4-1 below.

Figure 4-1 Base Case - Annual Queensland Spot price ($/MWh)
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These spot price numbers are extremely low, however this is a function of the
level at which ACIL Tasman have set new entry (SRMC) prices. As outlined in
Section 3.2, IES have used these numbers in preference to alternate new entry
costs because these numbers have been published in the 2006 SOO, and can
therefore be considered an industry accepted set of numbers.

After allowing for GEC subsidy, the SRMC of a generic CCGT in the south west
of Queensland is $8.58. From 2011 IES has assumed that the GEC subsidy no
longer applies to new entrants because the 13% target has been reached,
therefore the value of the GEC is reduced to a floor price because the volume of
gas-fired new entry is greater than the set target. The resultant impact on the
spot price can be seen clearly in 2011-12 where the regional reference price
(RRP) moves toward un-subsidised SRMC levels.

Details of the base case spot prices are shown in Table 4-1 below.
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Table 4-1 Base Case Spot Prices
2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19

FNQ 29.6 28.57 31.15 19.14 20.17 26.81 26.58 23.88 19.48 25.93 28.46 32.75 31.45
ROSS 28.71 27.69 30.2 18.79 19.98 26.69 26.33 23.63 19.22 25.67 28.21 32.41 31.13
NORTH 26.68 25.63 28.01 17.79 19.16 26 25.3 22.82 18.44 24.96 27.36 31.37 30.04
CW 23 22.16 25.38 17.51 18.88 25.68 24.95 22.55 18.19 24.68 27.06 31.01 29.71
GSTONE 23.77 22.94 26.22 18.08 19.53 26.46 25.73 22.42 18.32 25.34 27.7 31.78 30.05
WIDEBAY 26.02 23.57 27.02 21.47 19.96 31.18 27.75 29.74 26.32 26.16 28.48 32.72 31.06
TARONG 26.02 23.34 26.85 21.18 19.73 31.13 27.7 29.55 26.08 25.89 28.21 32.34 31.07
SW 26.2 23.42 26.93 21.24 19.79 31.19 27.75 29.54 26.1 25.84 28.1 32.32 31.08
MORETON_N 26.7 23.86 27.46 21.65 20.13 31.76 28.28 30.07 26.63 26.43 28.8 33.13 31.67
MORETON_S 26.85 23.96 27.58 21.73 20.19 31.89 28.4 30.15 26.73 26.51 28.91 33.28 31.79
GCTWEED 27.08 24.15 27.79 21.92 20.36 32.16 28.65 30.33 26.93 30.19 53.19 33.62 32.05
Intelligent Energy Systems 22
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The base case modelling undertaken has been done with all generators b

idding

to optimise their financial position against the QLD RRP - this is represented as

the Moreton North price, the zone/node where south pine is located. The

other

prices in Table 4-1 are nodal “shadow” prices and are used by IES in order to
assess and value transmission constraints in a regime where the opportunity-cost
value of those constraints is masked. These shadow prices (marginal costs)
currently exist in the NEM as calculated values for individual constraints, and can
be extracted from the NEMDE dispatch calculations published by NEMMCO.

The nodal prices in IES’s modelling approximately represent the situation

where

all the network and security constraints that affect generation are incorporated

into a CSP regime™.

The divergence of the underlying nodal prices from the QLD RRP for the 15

years modelled is illustrated in Figure 4-2 below.

Figure 4-2 Base Case RRP and (Nodal) Shadow Prices
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Transmission was upgraded to meet reliability criteria or where nodal prices

consistently diverge in the modelling due to transmission constraints. The
transmission upgrades undertaken on this basis (over and above those
transmission upgrades outlined in Table 3-2), are generic as per the assu
outlined in Section 2.3.1. The generic transmission upgrades in the base
are outlined in Table 4-2 as follows.

©Es modelling is approximately equivalent to assuming system normal conditions.

mptions
case
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Table 4-2 Base Case Generic Transmission Upgrades
Year Upgrade Cost (AEC $M)
2017-18 500MW upgrade from Moreton_South to Gold Coast $7.53
2017-18 1000MW upgrade from South West to Moreton_South $46.58
2018-19 500MW upgrade from Central West to Moreton_North $62.27

NB: AEC is annual equivalent cost.

The capital cost of 2,000MW of transmission upgrades required in this modelling
case is $1.252 billion in current 2006 dollars.

Following the decision to undertake each transmission upgrade, a new sequence
of new entrants was created to reflect the impact of transmission upgrades on the
investors’ decision to build power stations. The final (generic) new entry required
in the base case modelling is shown in Table 4-4 over the page.

The new entry generation schedule reflects the low cost of coal in south west
Queensland. Post (NGAC) subsidy! the SRMC of coal-fired plant in this region is
$5.56. Of the 2,500MW of generic plant added into the SW node 1,500MW is
coal-fired plant. In effect a Kogan Creek B in 2013-14 and Kogan Creek C in
2019-20.

There is also 500MW of coal-fired plant scheduled for entry in Tarong in 2014-15,
and in Gladstone in 2018-19. The remainder of the capacity in the region is gas-
fired GT or CCGT plant, primarily required to meet shoulder and peak
requirements.

The estimated capital cost of the total construction required in the base case is
$5.028 billion over the 15 year period modelled as follows:

Table 4-3 Base Case Total Cost of (Generic) New Entry

Brownfield
Total cost | New OCGT | Brownfield | New CCGT | Brownfield | New black | black coal
($M) $M OCGT$M | $M CCGT$M | coal $M $M
5,028.00 | 108.75 | 405.00 | 608.00 | 0.00 | 203125|  1,875.00

™ |ES has assumed that any new coal-fired generation will utilise technology that ensures it is below the
NSW emissions benchmark, egg Kogan Creek.
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Table 4-4 Base Case Generic New Entry
2006-07 | 2007-08 | 2008-09 | 2009-10 | 2010-11 | 2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 | Total

FNQ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ROSS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NORTH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cwW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GSTONE 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 500
WIDEBAY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TARONG 0 0 0 240 0 0 0 0 500 0 0 0 0 0 0 740
SW 0 0 0 400 0 0 0 750 0 0 0 300 300 750 0 2,500
MORETON_N 0 0 0 0 0 0 0 0 0 0 0 0 0
MORETON_S 0 0 0 0 0 0 0 0 150 0 150
GCTWEED 0 0 0 0 0 0 0 0 0 0 0
Total QLD 0 0 0 640 0 0 0 750 500 0 0 300 800 900 0 3,890
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Case 1 Results: Locational Pricing for Generators
As outlined in Section 2.2 this case is designed to reflect the impact of Option 4
constraint formulation on the market, and a full regime of constraint support
pricing.
The nodal/locational price results from this modelling show less divergence than
the Base Case, with the exception of the Gold Coast region. This area of QLD is
characterised by high demand growth forecasts and minimal capacity for new
entry, i.e. limited numbers of locations/sites and a reliance on diesel fuel for any
generation placed in the node.
Figure 4-3 Case 1: Locational Queensland Spot prices ($/MWh)
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The significant differences between Case 1 and the Base Case come in the
transmission upgrades required and the timing and placement of generic new
entry. Case 1 required only one additional transmission upgrade between
Moreton South and the Gold Coast, due to the cost limitations on new entry in
that node. The capital cost of this generic transmission upgrade is $670 million.

The generic new entry schedule for Case 1 is shown at Table 4-5 over. The
volume (and therefore cost) and type of generic new entry required when plant
receives locational prices rather than regional prices is significant and is

summarised in Table 4-6.
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Table 4-5 Case 1 Generic New Entry
2006-07 | 2007-08 | 2008-09 | 2009-10 | 2010-11 | 2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 | Total

FNQ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ROSS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NORTH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GSTONE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 300 300
WIDEBAY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 150 150
TARONG 0 0 0 0 0 0 0 240 0 0 500 0 0 0 0 740
SW 0 0 0 0 0 0 0 750 0 0 0 0 150 750 0 1,650
MORETON N 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MORETON_S 0 0 0 400 0 0 0 0 150 0 400 300 0 1,250
GCTWEED 0 0 0 0 0 0 0 0 0 100 100 0 100 0 300
Total QLD 0 0 0 400 0 0 0 990 0 150 600 100 550 1150 450 4,390
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Table 4-6 Summary of Case 1 New Entry Differences by Plant Type
Case 1 Base Case Difference
GT 1,050 750 300
cc 1,340 640 700
Coal 2,000 2,500 -500
Total 4,390 3,890 500

To some extent the change in the pricing regime has resulted in (cheaper)
generation replacing transmission upgrades. This is because in a nodal or
locational pricing regime smaller and more flexible generation configurations
have greater significance.

The estimated capital cost of the total construction required in Case 1 is $5.033

billion over the 15 year period modelled as follows:

Table 4-7 Case 1 Total Cost of (Generic) New Entry
Total New New Brownfield
cost New Brownfield | CCGT Brownfield | black coal | black coal
($M) OCGT $M | OCGT $M $M CCGT $M $M $M
5,033.00 ‘ 870.00 101.25 ‘ 608.00 ‘ 360.00 ‘ 1,218.75 1,875.00

This compares favourably to the base case capital cost of $5.028 billion for

3,890MW of capacity. On a per MW basis the cost of capital in Case 1 is $1.15
million compared to the base case cost of $1.29 million, due solely to the change
in the new entry generation mix.

The overall benefit of this case as measured by the NPV is shown in Table 4-8

below.

Table 4-8 Case 1 NPV Benefit
Dispatch Capital Costs Transmission Total Costs
Year Costs ($M) (AEC - $M) Costs (AEC - $M) ($M)
2006-07 -1.18 0.00 0.00 -1.18
2007-08 0.12 0.00 0.00 0.12
2008-09 0.04 0.00 0.00 0.04
2009-10 -10.10 22.19 0.00 12.09
2010-11 2.35 22.19 0.00 24.54
2011-12 -4.73 22.19 0.00 17.47
2012-13 -4.66 22.19 0.00 17.53
2013-14 1.17 0.00 0.00 1.17
2014-15 -47.90 73.00 0.00 25.10
2015-16 -40.12 61.93 0.00 21.81
2016-17 11.82 -18.45 0.00 -6.64
2017-18 0.49 -5.22 54.11 49.39
2018-19 -22.75 49.14 116.38 142.77
2019-20 -14.74 30.68 116.38 132.32
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Dispatch Capital Costs Transmission Total Costs
Year Costs ($M) (AEC - $M) Costs (AEC - $M) ($M)
2020-21 -2.25 -2.53 108.85 104.07
Total -132.44 277.31 395.72 540.6
NPV Benefit -58.06 130.80 121.91 194.65

The change in the mix of generation type has driven the NPV value in this case.
There has been an increase in dispatch cost caused by increased generation
from (relatively) more expensive plant; however this is more than offset by
reductions in transmission and generation capital costs.

4.3 Case 2 Results: Locational Pricing with Transmission Levy

As outlined in Section 2.3 this case is designed to reflect the combined impact of

Option 4 constraint formulation and a full CSP regime (nodal pricing regime for

generators) on the market and a congestion cost levied upon new entrant

generators.

The levelised cost adders applied in Case 2 represent the costs of transmission

upgrades relative to the distance from load centres. The calculation of locational

costs applied to new entry in each node is outlined at Section 2.3.1, and the

costs reproduced in Table 4-9 below.

Table 4-9 Case 2 Transmission Upgrade Cost Adders

km to Cost of |Cost per| Fixed Total Capoafcny Effective |Effective|Levelise
Node primary | Upgrade km Costs Costs Uparade cost per| costin | d Cost
load centre|($000/km)| ($'000) | ($'000) | ($'000) %\QAW) kKW | $/MWh | Adder

Far North (FNQ)
Ross 325 700/ 227,500/ 60,000 287,500 500 575 65.64 $6.10
North 540 700| 378,000 60,000 438,000 500 876/ 100.00 $9.30
E:Cevr\‘/t)ra' West 871 700| 609,875 60,000 669,875 500 1,340 152.94] $14.22
Gladstone 540 700/ 378,000 60,000 438,000 500 876/ 100.00 $9.30
WideBay 290 700/ 203,000/ 60,000 263,000 500 526 60.05 $5.58
Moreton North
(MN)
xﬂos”)eton South 30 700 21,000, 60,000 81,000 500 162 1849  $L.72
Gold Coast (GC)
(Ssc’v‘j/t)h West 286 1400 401,100/ 100,000 501,100 1000 501|  57.20|  $5.53
Tarong 266 1400 372,400 100,000| 472,400 1000 472 53.93 $5.01

In this case therefore the cost of building coal in south west Queensland would

be a fixed cost reflecting the capital cost of the plant plus a transmission fixed

cost reflecting the $5.53 for future transmission expenditure Under this regime

Intelligent Energy Systems 29



FINAL

5BMODELLING RESULTS

the locational prices are presented in Figure 4-4 below. These prices average

$4.47 more than the base case over the modelling period.

Figure 4-4 Case 2 — Locational Queensland Spot prices ($/MWh)
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Consistent with the results from Case 1, this pricing regime results in less
divergence between regions than the Base Case, however unlike Case 1 the
divergence of prices in the Gold Coast region is delayed until the final year of the
modelling period. This is because small GT's were economic to install in the Gold
Coast area under this pricing regime. Similarly to Case 1, the significant
differences between Case 2 and the Base Case arise in the transmission
upgrades required and the timing and placement of generic new entry. However
unlike Case 1, Case 2 required no additional transmission upgrades during the
modelling period.

The generic new entry schedule for Case 2 is shown at Table 4-11 over. The
volume (and therefore cost) and type of generic new entry required when plant
receives locational prices rather than regional prices is significant and is

summarised in Table 4-10.

Table 4-10 Summary of Case 2 New Entry Differences by Plant Type
Case 2 Base Case Difference
GT 1,350 750 600
cc 1,440 640 800
Coal 500 2,500 -2,000
Total 3,290 3,890 -600
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Table 4-11 Case 2 Generic New Entry
2006-07 | 2007-08 | 2008-09 | 2009-10 | 2010-11 | 2011-12 | 2012-13 | 2013-14 | 2014-15 | 2015-16 | 2016-17 | 2017-18 | 2018-19 | 2019-20 | 2020-21 | Total

FNQ 0 0 0 0 0 0 0 0 0 0 0 0 0 300 0 300
ROSS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NORTH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cw 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GSTONE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WIDEBAY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TARONG 0 0 0 0 0 0 0 0 0 0 0 0 500 240 0 740
SW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MORETON N 0 0 0 0 0 0 0 0 200 0 0 100 0 0 0 300
MORETON_S 0 0 0 0 0 550 0 400 0 0 400 0 150 150 0 1,650
GCTWEED 0 0 0 0 0 0 0 0 300 0 0 0 0 0 0 300
Total QLD 0 0 0 0 0 550 0 400 500 0 400 100 650 690 0 3,290
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In addition to a change in the type and location of the new entry when compared
to the Base Case, there has also been a 600MW reduction in the overall volume
of new entry required under this hypothetical arrangement. The estimated capital
cost of the total construction required in Case 2 is $3.057 billion over the 15 year
period modelled as follows:

Table 4-12 Case 2 Total Cost of (Generic) New Entry

Total New New Brownfield
cost New Brownfield | CCGT Brownfield | black coal | black coal
($M) OCGT $M | OCGT $M $M CCGT $M $™M $M

3,056.75 ‘ 978.75 | 0.00 ‘ 608.00 ‘ 720.00 ‘ 0.00 ‘ 750.00

This compares favourably to the base case capital cost of $5.028 billion for
3,890MW of capacity. On a per MW basis the cost of capital in Case 2 is $0.93
million compared to the base case cost of $1.29 million.

The overall benefit of this case as measured by the NPV is shown in Table 4-13
below.

Table 4-13 Case 2 NPV Benefit

Dispatch Capital Costs Transmission Total Costs
Year Costs ($M) (AEC - $M) Costs (AEC - $M) ($M)

2006-07 -1.18 0.00 0.00 -1.18
2007-08 0.12 0.00 0.00 0.12
2008-09 0.04 0.00 0.00 0.04
2009-10 -27.57 59.18 0.00 31.61
2010-11 1.10 59.18 0.00 60.28
2011-12 -3.46 13.07 0.00 9.61
2012-13 -3.96 13.07 0.00 9.11
2013-14 -71.39 87.53 0.00 16.14
2014-15 -104.59 123.63 0.00 19.04
2015-16 -106.81 123.63 0.00 16.82
2016-17 -100.12 86.64 0.00 -13.48
2017-18 -111.35 99.87 54.11 42.64
2018-19 -98.39 115.50 116.38 133.50
2019-20 -168.13 189.80 116.38 138.04
2020-21 -188.08 189.80 116.38 118.10
Total -983.77 1160.9 403.25 580.39
NPV Benefit -365.52 464.06 123.98 222.52

Consistent with the Case 1 results, the change in new entry generation mix and
location has driven the NPV benefit in this case; however the optimisation of new
entry generation to include a transmission cost has resulted in both a reduction in
the total capacity of new plant required, and the delay of all base case
transmission upgrades.
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IES acknowledges that the calculation of the levelised cost adder in the manner
undertaken for this case does not address transmission issues currently existing
within the Ross and North regions of Queensland. The methodology used in
calculating the adder is a great simplification of what a transmission charging
regime for new generation might realistically look like. However, despite its
shortcomings the hypothetical regime still shows net benefits for the market.
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Appendix A: Zonal Definitions for New Entry

Zone Name Regional Location

ADE Adelaide

CAN Canberra

CcQ Central Queensland

CVIC Central Victoria

Lv Latrobe Valley

MEL Melbourne

NCEN North / Central NSW (includes Sydney)
NQ North Queensland

NSA Northern South Australia
NVIC Northern Victoria

SEQ South East Queensland
SESA South East South Australia
SNY Snowy

SWNSW South West NSW

SWQ South West QLD
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