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EXECUTIVE SUMMARY

To assisfTransGridin identifying the likely areas of network development over the next Revenue
Reset periodrom 2009/10 to 2013/14potential generation development paths for the region of
New South Walesver the next ten years have been assessed through the applicatioarara sc
analysis methodology.

This analysis was completedfebruary 2008 All inputs to the modelling were developed from
publicly available informationROAM recognises that information may have been released since
this time, which may reduce or im@ase the likelihood of projects assessed in this refo-.

release of subsequent announcements, reports, and government policy, sudedsitimeto lease
existing electricity generators to private operatoray impact upon the underlying assumpsio

used in this report.

The methodology is based on the identificatiofionirs e par at e &6t heme set sd
of the energy sector in the regiondéw South Wales These theme sets relate to:

1 Market demand for grid supplied electricityNSW;

1 The availability of water to both thermal wet cooled and hydroelectric plant iNSVg,
QueenslandSnowy,Victoria and Tasmaniaregions;

1 Potential for ncreased interconnector capability between Queensland, Snowy and NSW
regions and;

1 Influences on new generation projects stemming from the imposition of a more rigorous
greenhouse gas abatement policy and including the potential for increased availability of
gas in NSW.

The generation developments that have been assessed cover a mix of ghsmanalcoal fired
plant, wind generation and other renewable technologies includimgagso The level of new

entrant generation required to support the growth in demand even in low load growth and increased

interconnection scenarios is considerable.e@spnable mix of technologies is therefore necessary
in order to provide a reliable and secure supply network.

The increased uptake of wind generation in New South Wales is not expected to have a significant

effect on the overall level required of the ieais technologies of scheduled generation. The
intermittency of winddictatesthat only a small proportion of the total capacity provided by these
stationsshouldbe allowed for in minimum reserve margin calculatforiBherefore, even # high
proportin of all announcedwind projects proceed (say 1300MW) there would still be

considerable need for other coal, open cycle gas and combined cycle gas plant to sustain load

growth.

ROAM has incorporated the latest information from the 2007 TransGrid AntaratiRy Report
and the 2007 NEMMCGstatement of Opportunities (and subsequent updite)ments in this
analysis.

! Minimum reserve margin calculations by NEMMCO set the lowest level of installed capacity in each
region of the NEM to meet the reliability standard s et by AEMCO6s Reliability
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The following table summarises the themes, which were developed and studied in this scenario
analysis:

Table AT List of Themes Studied

1. Load Growth 2. Inter -Regional Trade
Theme Description Theme Description
L10 Low economic growth with 10% BAU Inter-regional trading levels
probability of exceedance demand maintained at current levels.
M10 Medium economic growth with 10% | QNI Queensland New South Wales
probability of exceedance demand Interconnector (QNI) upgrade

increasedi-directionaltransfer
capability bynominally 500MW.

New South Wales Snowy
Interconnector remains at current
levels.
H10 High economic growth with 10% NSW- New South Wales Snowy
probability of exceedance demand SNOWY Interconnector upgrade increases

directionaltransfer capability by
nominally500MW. Queenslant
New South Wales Interconnector
(QNI) remains at current levels.

3. Water Availability 4. Greenhouse Policy

Theme Description Theme Description

BAU No water restrictions in place BAU Current State and Federal greenhou
following a return to satisfactory policies are maintainedonsistent
levels for major hydro and thermal with present arrangement€oal
station water storages across the projects are in the minority but rema
Eastern States economically favourable.

LIMITED Persistent a&ter restritions / low CO, Tax Significant change in greenhouse
rainfall restrictoutput from Snowy policy, with the introduction of a
Hydro, Victorian and Tasmanian nominally$35.00/tCO.-e tax/traling
hydro-electriccapacityand scheme. New coal projects highly
NSW/QLD wet cooledhermal unlikely. Additional gas supplies
generatingplant. Peak generation made available. Increased incentive
capability of wet coolethermalplant for renewable technologies.

is maintained at current maxima

Using the combination of thedeur theme setsthirty six discrete development scenarios were
constructed encompsiag a range of widely differing market development paths. The relative
likelihood of each of these development paths was assessed using a probabilistic methodology,
which t aldeoswnd -tahseegpde appr oac-bp@nidnai Wilkbaetdalompr o
approactand combines the two strategies, through a process of moderation.

! Reliability standards in the National Electricity Market (NEM) are based on ensuring that installed
generating capacity in each region is sufficient to meet 1 in 10 year peak demands, which are here referred to
as L10,M10 or H10, depending on the respective economic growth scenario.
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The following chart summarises the relative probabilities determined for each othirossix
scenarios (final probabilities markedrix):

Figure AT Final Scenario Probablities
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H10 - QNI - BAU - BAU
H10 - QNI - BAU - CO2 Tax

L10 - BAU - BAU - BAU

L10 - BAU - BAU - CO2 Tax
L10 - BAU - Limited - BAU
L10 - BAU - Limited - CO2 Tax
L10 - QNI - BAU - BAU

L10 - QNI - BAU - CO2 Tax
L10 - QNI - Limited - BAU

L10 - QNI - Limited - CO2 Tax
L10 - NSW-SNO - BAU - BAU
M10 - BAU - BAU - BAU
M10- BAU - BAU - CO2 Tax
M10- QNI - BAU - BAU

M10 - QNI - BAU - CO2 Tax
H10 - BAU - BAU - BAU

H10 - BAU - BAU - CO2 Tax

L10 - NSW-SNO - BAU - CO2 Tax
M10- QNI - Limited - BAU

M10 - QNI - Limited - CO2 Tax
M10 - NSW-SNO - BAU - BAU

M10 - NSW-SNO - BAU - CO2 Tax
H10 - QNI - Limited - BAU

H10 - QNI - Limited - CO2 Tax
H10 - NSW-SNO - BAU - BAU

M10 - BAU - Limited - BAU
H10 - NSW-SNO - BAU - CO2 Tax

M10 - BAU - Limited - CO2 Tax
H10 - BAU - Limited - BAU

H10 - BAU - Limited - CO2 Tax

L10 - NSW-SNO - Limited - BAU
L10 - NSW-SNO - Limited - CO2 Tax
M10 - NSW-SNO - Limited - BAU
M10 - NSW-SNO - Limited - CO2 Tax
H10 - NSW-SNO - Limited - BAU
H10 - NSW-SNO - Limited - CO2 Tax

The outcome of the scenario analysis as seen in the chart above is #hggy six scenarios

which have corresponding generating plant installation programmes matching the projected state
peak demandndat leastmeeting the NSW minimum reserve margifihe probability that has

been determined for each of these scenarios varies significantly. Nevertheless it may be
important forTransGridto address each of the scenarios in order to provide a reliable view of the
variability of future generating patterns.
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1 INTRODUCTION

In support of its next regulated revenue applicatowering the period Zi®-10 to 201314,

TransGrid hasrequestedROAM Consulting (ROAM) to provide an analysis of prospective
generation development scenarios. The future generation development pattern in the NEM and in
NSW specifically issubject to market forces resultingfmo c ompet i t or s6 assessm
range of factors including forecast future electricity priceg,e t i n g N BIMEUG@6esve

margins andexpectations oélectricity growth rates. &hce it isappropriateo assess the need for

network developmentagainst a set of backgrounds that represent the more probable likely future
generatiordevelopments.

The scenario analysis conducted relates primarigssisting TransGrid ildentifying the need for
load driven transmission augmentationsassociated wih various generation development
interconnector capacityand load forecast assumptionsGenerator connection assets are not
addressed by this methodology.
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SCENARIO ANALYSIS METHODOLOGY

The methodology used in this assessment has been designeddp alétimvardooking view of a
number of plausible market development scenarios, specifically focusing dlewh&outh Wales
region.

The approach is summarised in the diagram below:
Figure 2.17 Methodology for identifying market development scenarios
4 Scenario
ThemeSets
developed Scenarios Macro Ranking
(Load Growth, > developed > Defined on the
Inter-Regonal as basisof theme
Trade, Water combination weightings
Availability, of themes INITIAL
Greenhouse probabilities
Polic : moderated by
’ ool | Mnimum
i
) — Reserve
define Margin
INITIAI___ adherence
' probabilities trends to
Gene_ratlon Generation . . define F_I[\lAL
_project projects Micro Ranking probabilities
and broad I each > basis of project
assigned scenario

Specific comments are made with respect to each of the steps identified above
Step 1) Scenario Theme Sets Identified

The following theme sets were used in the study:

1)

Three themes within the Load Growth scenario theme set:

Low, Medium andHigh load growth. The three theme set limbs relate to economic
growth levels, each considering 10% poe demand. ROAM has considered only the
10% poe demands as the NEM reliability standards require TNSPs to plant the
system in order to méene in ten yegpeakdemands.
2)  Three themes within the Int&egional Trading theme set:

Business as UsualQNI Upgrade, and SnowyNSW Upgrade.
scenarios

The upgrade
incorporate gotential upgrade of 500MW on the
interconnector. Both the QNI interconnector and the SnoviySW interconnector

respective
ROAM Consulting Pty Ltd
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are the subject of ongoing assessments that could result in an augmentation decision,
as discussed in the TransGrid APR 200he 2007 NEMMCO SOO also identifies
these particular interconnector augmewtadi worthy of further investigation.
500MW has been considered as a realistic upgrade path foalberthatives which

would support significant changes in power flows and be feasible within the next
revenue reset period.

3)  Two themes within th&Vater Availdility theme set:

- Business as Usuaand Limited Water Availability . The limited water scenario
reduces the annual energy capability of the Snowy Hydigiorian and Tasmanian
hydro-electric stationgndthe QLD andNSW wetcooled thermal stations, howeve
only Snowy Hydrocapacityis anticipated taeduce at times of peak load3.he
limited water scenario would therefore provide reduced support to NSW at times of
peak demand, owing to the need to conserve water to meet uncertain future
conditions.

4)  Two themes within th&reenhouse Policheme set:

- Business as Usuabnd CO, Tax. The CO, Tax theme seforeshadow the
introduction of anominally $35.00/tCO,-e carbon tax (or equivalent carbon trading
scheme)within the period of the revenue reseffhe Busness as Usual theme
reflects the present situation whereby a variety of schémaee been introduced to
curb emissions but without an umbrella price@®, mitigation

Other developments consisting of high impact, but low probability events, for extmple
development of major geothermal power statidmsye not been considered within the
report. These exceptional scenarios would result in a substantial shift in generation patterns
requiring separate treatment by the regulator, and are therefore hiot thi¢ scope of the
Revenue Reset Scenario Analysi§he timing of such developmenis also likely to be

beyond the current regulatory reset period.

The defined themsets and themes are discussed in detail in Section 3 of this report.

Step 2) Theme Robabilities and Top Down Scenario Weightings

Eachof the themes has been assigned a relative probability of proceeding. The probabilities
associated with each drsted below:

ROAM Consulting Pty Ltd MAIN REPORT
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Table 2.17 Initial Scenario Probabilities

1. Load Growth 2. Inter-Regional Trade

Theme Theme
L10 15% BAU 55%
M10 70% QNI 35%
H10 15% NSW-SNOWY 10%
3. Water Availability 4. Greenhouse Policy

Theme Theme
BAU 35% BAU 40%
LIMITED 65% CO, Tax 60%

From the themes contained within floer theme sets of Load Growth, IntRegional Tradge
Water AvailabilityandGreenhouse Poligyhirty six (36) discrete combinations are possible.

Each
comb

of

ined to

following formula:

The Top Down Weighting for each of the scenarios was calculated to be as follows:

t hese

combinati

ons
-powrd& c We iag MOtTiormpthirtyfsiv scenaias aiding the

f or ms

TDW = \M_oad 3 WTrade 3 WWater'? WGreenhouse

a

whereTDW isthe Top Down Weighting, al is a theme weighting.

6scenar
t he

Table 2.27 Top Down Weightings for each Scenario
Combination of Top-Down
Scenario Scenario Theme Combination Probabilities Weighting
1 L10 * BAU * BAU * BAU 0.15*0.55*0.35*0.4 1.16%
2 L10 * BAU * BAU * CO2 Tax 0.15*0.55*0.35*0.6 1.73%
3 L10 * BAU * Limited * BAU 0.15*0.55*0.65*0.4 2.15%
4 L10 * BAU * Limited * CO2 Tax 0.15*0.55 *0.65 * 0.6 3.22%
5 L10 * ONI * BAU * BAU 0.15*0.35*0.35*0.4 0.74%
6 L10 * QNI * BAU * CO2 Tax 0.15*0.35*0.35*0.6 1.10%
7 L10 * QNI * Limited * BAU 0.15*0.35*0.65*0.4 1.37%
8 L10 * QNI * Limited * CO2 Tax 0.15*0.35*0.65*0.6 2.05%
9 L10 * Snowy:NSW * BAU * BAU 0.15*0.1*0.35*0.4 0.21%
10 L10 * Snowy:NSW * BAU * CO2 Tax 0.15*0.1*0.35*0.6 0.32%
11 L10 * SnowyNSW * Limited * BAU 0.15*0.1*0.65*0.4 0.39%
12 L10 * SnowyNSW * Limited * CO2 Tax 0.15*0.1 *0.65*0.6 0.59%
13 M10 * BAU * BAU * BAU 0.7*0.55*0.35*0.4 5.39%
ROAM Consulting Pty Ltd R8AM MAIN REPORT
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Table 2.27 Top Down Weightings for each Scenario
Combination of Top-Down
Scenario Scenario Theme Combination Probabilities Weighting

14 M10 * BAU * BAU * CO2 Tax 0.7*0.55*0.35*0.6 8.09%

15 M10 * BAU * Limited * BAU 0.7 *0.55 *0.65 * 0.4 10.01%
16 M10 * BAU * Limited * CO2 Tax 0.7 *0.55 *0.65 * 0.6 15.02%
17 M10 * QNI * BAU * BAU 0.7*0.35*0.35*0.4 3.43%
18 M10 * QNI * BAU * CO2 Tax 0.7*0.35*0.35*0.6 5.15%
19 M10 * QNI * Limited * BAU 0.7*0.35*0.65*0.4 6.37%

20 M10 * QNI * Limited * CO2 Tax 0.7 *0.35*0.65 * 0.6 9.56%
21 M10 * SnowyNSW * BAU * BAU 0.7*0.1*0.35*04 0.98%
22 M10 * SnowyNSW * BAU * CO2 Tax 0.7*0.1*0.35*0.6 1.47%
23 M10 * SnowyNSW * Limited * BAU 0.7*0.1*0.65*0.4 1.82%

24 M10 * SnowyNSW * Limited * CO2 Tax 0.7*0.1*0.65*0.6 2.73%
25 H10 * BAU * BAU * BAU 0.15*0.55*0.35*0.4 1.16%
26 H10 * BAU * BAU * CO2 Tax 0.15*0.55*0.35*0.6 1.73%
27 H10 * BAU * Limited * BAU 0.15*0.55*0.65*0.4 2.15%
28 H10 * BAU * Limited * CO2 Tax 0.15*0.55 *0.65 * 0.6 3.22%
29 H10 * QNI * BAU * BAU 0.15*0.35*0.35*0.4 0.74%
30 H10 * QNI * BAU * CO2 Tax 0.15*0.35*0.35*0.6 1.10%
31 H10 * QNI * Limited * BAU 0.15*0.35*0.65*0.4 1.37%
32 H10 * QNI * Limited * CO2 Tax 0.15*0.35*0.65 * 0.6 2.05%
33 H10 * SnowyNSW * BAU * BAU 0.15*0.1*0.35*0.4 0.21%
34 H10 * SnowyNSW * BAU * CO2 Tax 0.15*0.1*0.35*0.6 0.32%
35 H10 * SnowyNSW * Limited * BAU 0.15*0.1*0.65*0.4 0.39%
36 H10 * SnowyNSW * Limited * CO2 Tax 0.15*0.1 *0.65 *0.6 0.59%

Therefore the scenasowith the highest Tofpown Weightingare Scenaris 15 and 16:
medium load growthwith no interconnector expansidimited water availability and either
the currentbasket ofgreenhouse reduction measuogsa new greenhouse poliggmed at
significantly reducing greenhouse emissiat40.01% and 15.02% respectively

Step 3) Potential Generation Developments identified

A total of 52 new projects of the technology typdecations and fuel typepresently
applicable to NSWvere included in the study. These projects were based upon information
alreadyavailableto ROAM Consulting through published documents. All new generation
options arepublicly announced projects, itparameters as per the best publicly available
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information. Each of the projects considered appears in the Ptigticig sectionin the
AppendicegAppendix C) including details of size, plant type and location.

In order toincludethe potential gerration developments in the scenario analysis process, it
was necessary to assign rankings to each project describing its likelihood of proceeding.
These rankingsvere converted into a numerical figure for use in the analysis process. The
ranking categods chosen and corresponding numerical weightiregs

Table 2.31 Project Rankings and Weightings
Code Ranking Weighting
D Definite 100%
VH Very High 80%
H High 60%
Moderate 30%
L Low 10%

Each potential project was assigned a Ranking froméhke tabove. The selection of a

ranking was based heavily upon the proportionepibrtedkey milestones achieved by each

project, including the acquisition of land, the purchase of equipment, the acquisition of
approvals and licences, the achievementmfgy sales, the finalisation of finance and the
commencement of construction. Generally, projects that had achieved more of these
milestones were given a higher rankinddowever other factors were also taken into

account, such as known economic driv@s disincentives), opposition to the project (for
example, from | ocal councils), the deter mina
time between announcements regarding the project.

In assigning probabilities of completion to each of the ifledtprojects, ROAM has been

mindful of the currentind prospectivgias supply considerations within New South Wales
advised by a consultant on gas supplies and pipeline capacities

Step4d)Scenari o 6P| anWpSoegasio VdamkitingBot t o m

A manuwa | met hodol ogy was us dhity-dixesaenariog coasisteit n g 6 e
with the approach used in previous assignmehthis nature foMNSPs. Each plant is also
assigned a year indicating the earliest time by which it could be commissioned.

Each of the scenarios was then O6plantedd to
scenario was comprised. The following factors were considered when performing this task:

- The earliest possible year of entry condition was strictly enfdrgedjects were not
allowed to be shifted to an earlier than achievable year to satisfy a supply shortfall;
- Where multiple plants dd similar type or size were able to be selected concurrently,
the project with the Hypiclymstalledfrstobabi | ity &
- Sufficient capacity was installed to ensure that where possible, a realistic balance
between supply and demand was maintained;
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- Where interconnector upgrades were included in the scenario, the NSW supply
portfolio tended towards a tightsupply-demand balance reflecting the greater level
of imports from the expanded interconnector. Where interconnector upgrades were
not included, the supplgiemand balance tended to remain neutral

- Scenarios that included thaternate greenhouse policyitioducing a significant
carbon emissions trading scheme or carbon tax, also included increased incentives
for the uptake of renewable technologies. These cases therefore tend tawards
higher level of wind generation;

- In planting scenarios to meet thenimhum reserve margin conditions, wind farms
were assumed to contribidemaximum o#8% of theirinstalledcapacity at the time
of a 10% POE system peak demand, in line with independently assessed,figures
and;

- Many 6i terationsd o feretpérfermed larmnctoshacgs pr oc e
completed in order to reach a plausible planting outcome for all scenarios.

Factors affecting the location of new plant developments wittéw South Walesvere
considered through the creation of the scenarios above.

The Tg-Down Weightings for each scenario generally reflect the likelihood that particular
combinations of scenario themes will occur.

However, they do not address the uncertainty relating to which of the various prospective
generation developments of eachdywill be developed under the particular theme.

For this purpose, Bottoidp Scenario Weightings were derived asghm of the weightings
applicable to each of the generation projects assumed to proceed within a given scenario.
The BottomUp Weightingwas calculated as follows:

BUWscenario i= [(WPl + WP, + é ) Séenarit” Pxl=1 1o 36(APWScenarioi)

WhereBUW is the Bottom Up WeightingyP;, WP,, etc are the individual
probabilities of each of the projedtsstalled at any point withiis c enar i o06i 6,
NPIi s the number of pl ant ssandnstall ed t hi

APWScenam')i, OI'[(WP]_ + WPZ + é ) Séenari”, E the average

pl ant weighting of each Scenario

The BottomUp Weighting can therefore be interpreted as the average weighting of the plant
selected in a scenario, compared with all of the scenarios. An kxafriis calculation is
provided for the.10-QNI-BAU-BAU scenario, for which the Bottotdp Scenario

Weighting was calculated to 13€1%:

'The following is a quote from ESIPC6s Planning Counci l
factor of wind generation duringmanche ti me of South Austra
Aféit is prudent to |l eave the current Fi gudemandlfalanbeetd ween 7

accommodate for this currently unquantifiable reduction at peak load until more detailed operational information is
obtained. 0
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Table 2.41 Example Bottom-Up Weighting Calculation

Plant installed within the scenario Plant Ranking Plant Weighting
Tallawarra D 100%
Uranquinty D 100%
Lake Munmorah D 100%
Broadwater Sugar Mill D 100%
Condong Sugar Mill D 100%
Eraring Black Start Turbine D 100%
Eraring Upgrade VH 80%
Mt Piper Upgrade H 60%
Snowy Plains (Berridale) VH 80%
Harwood H 60%
Ulan Unit 1 M 30%
Ulan Unit 2 M 30%
= (1.0+1.0+1.0+1.81.0+1.6-0.8+06+0.8+
Sum of plant weightings (SumPW) 0.6+0.3+0.3) =9.4
Number of Plants Installed (NPI) 12
Average Plant Weighting in Scenario (APW) = SumPW / NP1 .78
=APW/ SUM (Al I S C e78/24.9=0
Bottom-Up Weighting of Scenaio (BUW) 3.1%

The BottomUp Weightingcalculation gives high valuewhere the selected plant within the
scenario consists of projeqigmarily of high likelihood and dow valuewhere mosbf the
seleced plant iof a low likelihood. The Bottom-Up Weighting of a scenario can therefore
be quite different from the Tepown Weightingrelative to the weightings of the other
scenarios.

The calculated Bottordp Weighting for each of th@6 scenarios is shawbelow:

Table 2.57 Bottom-Up Weightings for each Scenario

Scenario Scenario Theme Combination Bottom-Up Weighting
1 L10 * BAU * BAU * BAU 3.0%
2 L10 * BAU * BAU * CO2 Tax 2.7%
3 L10 * BAU * Limited * BAU 2.9%
4 L10 * BAU * Limited * CO2 Tax 2.8%
5 L10 * QNI * BAU * BAU 3.1%
6 L10 * QNI * BAU * CO2 Tax 3.0%
7 L10 * QNI * Limited * BAU 2.9%
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Table 2.57 Bottom-Up Weightings for each Scenario
Scenario Scenario Theme Combination Bottom-Up Weighting
8 L10 * QNI * Limited * CO2 Tax 2.7%
9 L10 * SnowyNSW * BAU * BAU 3.2%
10 L10 * SnowyNSW * BAU * CO2 Tax 2.7%
11 L10 * SnowyNSW * Limited * BAU 2.9%
12 L10 * SnowyNSW * Limited * CO2 Tax 2.7%
13 M10 * BAU * BAU * BAU 2.9%
14 M10 * BAU * BAU * CO2 Tax 2.7%
15 M10 * BAU * Limited * BAU 2.8%
16 M10 * BAU * Limited * CO2 Tax 2.3%
17 M10 * QNI * BAU * BAU 3.1%
18 M10 * QNI * BAU * CO2 Tax 2.6%
19 M10 * QNI * Limited * BAU 2.8%
20 M10 * QNI * Limited * CO2 Tax 2.5%
21 M10 * SnowyNSW * BAU * BAU 3.0%
22 M10 * SnowyNSW * BAU * CO2 Tax 2.6%
23 M10 * SnowyNSW * Limited * BAU 3.1%
24 M10 * SnowyNSW * Limited * CO2 Tax 2.5%
25 H10 * BAU * BAU * BAU 2.9%
26 H10 * BAU * BAU * CO2 Tax 2.6%
27 H10 * BAU * Limited * BAU 2.8%
28 H10 * BAU * Limited * CO2 Tax 2.2%
29 H10 * QNI * BAU * BAU 2.9%
30 H10 * QNI * BAU * CO2 Tax 2.7%
31 H10 * QNI * Limited * BAU 2.7%
32 H10 * QNI * Limited * CO2 Tax 2.4%
33 H10 * SnowyNSW * BAU * BAU 3.0%
34 H10 * SnowyNSW * BAU * CO2 Tax 2.7%
35 H10 * SnowyNSW * Limited * BAU 2.9%
36 H10 * SnowyNSW * Limited * CO2 Tax 2.6%

In this scenario analysis, it can be observed that the Baifpieightings are tightly

clustered betwee.2% and3.2%. This low degree of volatility results from thigh level of

new entrant plant requiredue to the largamountof load growthin NSW, even in the low

growth scenario, a reasonable leveboth likely andunlikely plant is rguired in most

scenarios This tends to indicate that no scenario is either highly dominant or inconsequential
from a bottom up perspective.
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Step5) Calculation of the Initial Scenario Probability

The Initial Scenario Probability is determined frore tombination of the Tepown
Weighting and the Bottortdp Weighting. It is calculated as follows:

ISI:)Scenario i— (TDWScenario i* BUWScenariob iél to36\€TBWScenarioi)
WherelSP is the Initial Scenario ProbabilityTDW is the TopDown
Weighting BUW is the BottorrJp Weighting and TBWscenario ilS the Top
BottomWeighingo f S ¢ e (neaTDW®enari® i BEW scenario ) -

The Initial Scenario Probability for each of tiérty-six scenarios was calculated to be as

follows:
Table 2.671 Initial Scenario Probabilities for each Scenario
Scenario Scenario Theme Combination Initial Scenario Probability
1 L10 * BAU * BAU * BAU 1.3%
2 L10 * BAU * BAU * CO2 Tax 1.7%
3 L10 * BAU * Limited * BAU 2.4%
4 L10 * BAU * Limited * CO2 Tax 3.3%
5 L10 * QNI * BAU * BAU 0.9%
6 L10 * QNI * BAU * CO2 Tax 1.3%
7 L10 * QNI * Limited * BAU 1.5%
8 L10 * QNI * Limited * CO2 Tax 2.1%
9 L10 * SnowyNSW * BAU * BAU 0.2%
10 L10 * Snowy:NSW * BAU * CO2 Tax 0.3%
11 L10 * SnowyNSW * Limited * BAU 0.4%
12 L10 * SnowyNSW * Limited * CO2 Tax 0.6%
13 M10 * BAU * BAU * BAU 5.9%
14 M10 * BAU * BAU * CO2 Tax 8.3%
15 M10 * BAU * Limited * BAU 10.4%
16 M10 * BAU * Limited * CO2 Tax 13.0%
17 M10 * QNI * BAU * BAU 4.0%
18 M10 * QNI * BAU * CO2 Tax 5.1%
19 M10 * QNI * Limited * BAU 6.8%
20 M10 * QNI * Limited * CO2 Tax 9.0%
21 M10 * SnowyNSW * BAU * BAU 1.1%
22 M10 * SnowyNSW * BAU * CO2 Tax 1.4%

ROAM Consulting Pty Ltd MAIN REPORT

R8AM
www.roamconsulting.com.au C NSULTING Pagel0 of 34

ENERGY MODELLING EXPERTISE




Report to NEM FORECASTING
Scenarios for Revenue Reset Application 1

é‘? TransGrid 2009-10 to 2013-14

/ Trg00010
20 February 2008

Table 2.671 Initial Scenario Probabilities for each Scenario
Scenario Scenario Theme Combination Initial Scenario Probability
23 M10 * Snowy:NSW * Limited * BAU 2.1%
24 M10 * SnowyNSW * Limited * CO2 Tax 2.5%
25 H10 * BAU * BAU * BAU 1.2%
26 H10* BAU * BAU * CO2 Tax 1.7%
27 H10 * BAU * Limited * BAU 2.2%
28 H10 * BAU * Limited * CO2 Tax 2.6%
29 H10 * QNI * BAU * BAU 0.8%
30 H10 * QNI * BAU * CO2 Tax 1.1%
31 H10 * QNI * Limited * BAU 1.4%
32 H10 * QNI * Limited * CO2 Tax 1.9%
33 H10 * Snow-NSW * BAU * BAU 0.2%
34 H10 * SnowyNSW * BAU * CO2 Tax 0.3%
35 H10 * SnowyNSW * Limited * BAU 0.4%
36 H10 * SnowyNSW * Limited * CO2 Tax 0.6%

The combined top down and bottom up weightisiggwsomewhatess variability tharthe

top down weightigs, ranging from 3% down t00.2%. Thiswas due to the fat¢hat the
scenarios whiclweremost probable from a top down perspectiare scenarios in which

the increased CO2 signal was in platider this theme, a large amount of low probability
plant sich as speculative windfarms and/or biomass projects proceed. These scenarios also
typically featured a larger number of thermal units; that is, smaller gas units tended to
replace large codlred facilities. Both of these factors cause the BottgmWVeidting to be
somewhat lower, thus affecting the Initial Scenario Probability.

Step 6) Moderation and the Final Scenario Probabilities

Thelnitial Scenario Probabilitycalculated in Step 5 (being the product of Tlee-Downand
BottomUp Weightings wasdeveloped for each scenario, without considering any particular
market indicators. Hence, the values may not accurately reflect realistic limitations on
system capacity and energy imposed either by the market in limiting oversupply or by
regulatory requements for minimum generation.

It was recognised that a reasonable level of adherence to the accepted Minimum Reserve
Margin conditions is key for any future scenario. Therefore Minimum Reserve Margin is
used to moderate the probabilities of the scesateveloped.

The Minimum Reserve Margin condition is defined as having sufficient plant (or firm
interconnection capability, or Demand Side Management) to supply the peak 10%
Probability of Exceedence demand, plus the assumed Reserve Mafgim South Viles
currently has a negative minimum reserve margin. This reflects the ability of New South
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Wales to rely on capacity support across interconnectors from neighbouring regions. The
Minimum Reserve Level isurently -1430MW from 200708, reducing from-1490MW
applicable for the 20067 summer.

The Minimum Reserve Margin moderation factor for each scenario was calculated as the
averageof the factors determined for individual years:

MFMRM = Average (MFMRMZOOWOB , MFMRM 2008/09 ; & )
WhereMFMRM is the Moe@rating Factor for the Minimum Reserve Margin.

The yearly and average deviation from the Minimum Reserve Margin conditions for each of
the thirty six scenarios is summarised in the following figure. It should be noted that these
percentages reflect theggentage by which the total available supply (via local generation or
import) exceeds or falls short of the Minimum Reserve Conditions, being the sum of the
relevant peak 10% POE demand and the Minimum Reserve Margin.

Figure 2.271 Deviation from Minimum Reserve Margin Conditionsi All Scenarios
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As can be seen in the chart above, the scenarios maintain a level of installed capacity that
varies from justl% greater thamhe Minimum Reserve Margin conditions to approximately

15% greater than these minimum conditions. Tdweestreservdevelsare seen in 20008

in the high load growthscenariosvherelimited wateri mpedes Snowy Hydr o6:¢
export into NSW at time of NSW peak demand. The greatest reserve margiQ@8h02

in which all currently committed plant (Tallawarra, Uranquinty and Lake Munmorah

peaking stations) are commissionadow economic load growth conditions.

New South Wales has historically installed a greater level of plant than required to meet
reliability standards. The analysis presented here shows a continuation of that trend,
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decreasingsomewhat ovetime. ROAM considers that while thé&asingo f NS Wb s
generatiorto private operatorwill likely drive margins closer (as has been in the aase

other regions)t hi s woul d devel op over a timefr ame
show the level of reserves increasing rapidly from current levels in line with the large
amount of committed new entry plant, and then progressively reverting to tclavels

over time.

Wind generation isdifferentiated from thermal generators when considering reserve
margins and reliabilitgonditions Only 8% of the maximum output of all wind generation
is considered taontribute to the supplyo meet the 10% POHemand(see Step 4 of
Section 2) However, this wind generation witle availableto produce far more than 8%
of its maximum rated capacitpn average, with average annual energy production
equivalent to 30% to 35% of rated capacifhis large amount ofiind generation will be
available for use withilNew South Walesr export to the rest of the NEM.

Moderating the Initial Scenario Probabilities

The moderating factor discussed above is combined with the Initial Scenario Probabilities
in the following wy:

FS I:)Scenario i— (ISPScenario i* MF MRM of Scenariob iél to 3@€MSPScenarioi)

WhereFSP s the Final Scenario ProbabilitySP is the Initial Scenario
Probability, MF yrm is the Moderating Factor for the Minimum Reserve
Margin, andMSPscenario ilS the Moderated Scenario Probability of

Scenar.i ISI:’S(:GQarioi6 MHMRM @Scenario)i-

The Moderating Factor weightings used are summarised in the following table. Negative
values indicate a shortfall of supply, and positive values indiaatadequate levedf
supply. It is uacceptabldor the regon to be short of capacitas this would lead to
NEMMCO invoking its reserve trader powegs)d hence tendency towardsndersupply

is penalised more heavily than oversupply.
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Table 2.71 Minimum Reserve Margin Moderating Factor Weightings

% difference from Minimum Reserve Margin Conditions Weighting
-1.0% 0
0.0%
1.0%
2.0%
3.0%
4.0%
5.0%
6.0%
7.0%
8.0%
9.0%
10.0%
11.0%
12.0%
13.0%
14.0%

O|lFR|IFIFPLINMNW|AMOOJOIT|OT|OT1|O1|W|F|PF

Historically, New South Wales has installed capacities well in exck$se minimum
reserve margin. As Figure®below shows, reserve plant margins of approximately 30%
to 50% were the norm before 2003, with the RP&ivl} reducing since that time.

The NSW RPM hasedu@d in recent years, such that the region relisshmmore heavily

on imports to support peak demands than in the past. However, the RPM is still likely to
continue to be moderately positive, supported by the recent commitment of approximately
1300MW of peaking plant at Uranquinty and Lake Munmo(@blongra) With the
decision to lease the operation of the NSW government owned geneitatiikely that

the commercial advantagesafighter supplydemand balanceill exert some pressure to
reduce this margin In this case, ROAM considers that thederating factors attributed to

the Minimum Reserve Margin shoufdvour values consistent with the lower ewidthe

recent past; that those scenarios which maintain a positive BRPRMeighted more heavily

than those which either result in an excessivéih lor excessively low RPM.

ROAM therefore has moderated those scenarios with a greater weighting where the RPM is
bet ween 3% and 7 %. Further more, lesQkkly has
than those greater than 7%, as is shown in Table 2veabo
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Figure 2.3 - Historical Reserve Plant Margini New South Wales
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Following the moderation process, the Final Scenario
discrete scenarios was determined to be as follows:

Probability for each thiirtiyesix

ROAM Consulting Pty Ltd

R8AM
CONSULTING

www.roamconsulting.com.au ENERGY MODELLING EXPERTISE

MAIN REPORT

Pagel5 of 34




Report to

é"? TransGrid

NEM FORECASTING

Scenarios for Revenue Reset Application 1

2009-10 to 2013-14

Trg00010
20 February 2008

Table 2.87 Final Scenario Probabilities for each Scenario

Scenario Scenario Theme Combination Final Scenario Probability
1 L10 * BAU * BAU * BAU 1.4%
2 L10 * BAU * BAU * CO2 Tax 1.8%
3 L10 * BAU * Limited * BAU 2.7%
4 L10 * BAU * Limited * CO2 Tax 3.5%
5 L10 * QNI * BAU * BAU 0.7%
6 L10 * QNI * BAU * CO2 Tax 1.0%
7 L10 * QNI * Limited * BAU 1.5%
8 L10 * QNI * Limited * CO2 Tax 2.0%
9 L10 * SnowyNSW * BAU * BAU 0.2%
10 L10 * Snowy:NSW * BAU * CO2 Tax 0.3%
11 L10 * SnowyNSW * Limited * BAU 0.5%
12 L10 * SnowyNSW * Limited * CO2 Tax 0.6%
13 M10 * BAU * BAU * BAU 6.3%
14 M10 * BAU * BAU * CO2 Tax 9.3%
15 M10 * BAU * Limited * BAU 11.1%
16 M10 * BAU * Limited * CO2 Tax 12.6%
17 M10 * QNI * BAU * BAU 3.3%
18 M10 * QNI * BAU * CO2 Tax 4.0%
19 M210 * QNI * Limited * BAU 7.4%
20 M10 * QNI * Limited * CO2 Tax 8.4%
21 M10 * SnowyNSW * BAU * BAU 1.0%
22 M10 * SnowyNSW * BAU * CO2 Tax 1.2%
23 M10 * Snowy:NSW * Limited * BAU 2.3%
24 M10 * SnowyNSW * Limited * CO2 Tax 2.9%
25 H10 * BAU * BAU * BAU 1.4%
26 H10 * BAU * BAU * CO2 Tax 1.9%
27 H10 * BAU * Limited * BAU 2.4%
28 H10 * BAU * Limited * CO2 Tax 2.0%
29 H10 * QNI * BAU * BAU 0.8%
30 H10 * QNI * BAU * CO2 Tax 0.9%
31 H10 * QNI * Limited * BAU 1.5%
32 H10 * QNI * Limited * CO2 Tax 1.6%
33 H10 * SnowyNSW * BAU * BAU 0.2%
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Table 2.87 Final Scenario Probabilities for each Scenario

34 H10 * SnowyNSW * BAU * CO2 Tax 0.3%
35 H10 * SnowyNSW * Limited * BAU 0.4%
36 H10 * SnowyNSW * Limited * CO2 Tax 0.7%

Step7) Final Project Probabilities

In addition to calculating scenario probabilities, one of the outcomes of the metipodo
a set of finalproject probabilities. The calculation of a final project probability is defined
as follows:

I:F)I:)Project i= =Xt036 (FS I:)Scenario i* DF Scenario )

WhereFSP s the Final Scenario Probability, and

glif Projecti is selectedn Scenarioi a
DFscenario = 1. ) .. ..U
i Oif Projecti is NOT selectedn Scenarioly

That is, the finabroject probability is the sum of the finalkcenarioprobabilities of every
scenario in which that project was ugattalled). Therefore the initial project ranking has
no effect on the final project probability other than making that project more likely to
appear in scenarios if it had a higher initial ranking (and vice versa).

The final project probabilitiearesummarised in the following chart (aligned perpendicular
to the text for readability).

The bulk of the selected projects are located inNEN (Central New South Walgs
zone A large proportion of the wind developments however are located wht@iGAN
zone(Canberra and South Eastern New South Wales)
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Figure 2417 Initial and Final Project Probabilities
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