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Disclaimer

This document has been prepared and made available solely for information purposes. Nothing in this document can
be or should be taken as a recommendation in respect of any possible investment. This document does not purport
to contain all of the information that a prospective investor or participant or potential participant in the NEM, or any
other person or interested parties may require. In preparing this document it is not possible nor is it intended for
TransGrid or EnergyAustralia to have regard to the investment objectives, financial situation and particular needs of
each person who reads or uses this document.

In all cases, anyone proposing to rely on or use the information in this document should independently verify and
check the accuracy, completeness, reliability and suitability of that information and the reports and other information
relied on by TransGrid and EnergyAustralia in preparing this document, and should obtain independent and specific
advice from appropriate experts or other sources.

Accordingly, TransGrid and EnergyAustralia make no representations or warranty as to the accuracy, reliability,
completeness or suitability for particular purposes of the information in this document. Persons reading or utilising
this document acknowledge that TransGrid, EnergyAustralia and their employees, agents and consultants shall have
no liability (including liability to any person by reason of negligence or negligent misstatement) for any statements,
opinions, information or matter (expressed or implied) arising out of, contained in or derived from, or for any
omissions from, the information in this document, except insofar as liability under any New South Wales and
Commonwealth statute cannot be excluded.
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Final Report - Supply to the Sydney CBD and Inner Metropolitan Area

Executive Summary

This final report has been prepared in accordance with Clause 5.6.6(h) of the National Electricity Rules. It
relates to a proposal for a new large transmission network asset that will address emerging transmission
and distribution network limitations affecting the electricity network supplying the Sydney CBD and Inner
Metropolitan area.

The proposal is addressing reliability requirements in NSW and is evaluatedi n accor dance with
costo test for reliinakiclciotryd aamwe @ mewri tt eht itohnes Austral i an
test.

Section 1 provides the context of this final report within the regulatory process and summarises the
outcomes of that process.

Section 2 describes in detail the regulatory requirements relating to proposals for new large transmission
network assets, the existing supply arrangements and nature of the growing load in the CBD and Inner
Metropolitan area of Sydney and the network limitations that give rise to a need to augment supply to the
area. The agreed network performance requirements (planning criterion) against which the need and
effectiveness of augmentation options are assessed are also described. This section also covers the
outcomes of a Request for Proposal (RFP) for network support from non-network sources.

In Section 3 two feasible augmentation options are described. Both options involve the construction of
significant increments of 330 kV transmission network capacity in four stages as network limitations are
forecast to emerge in 2013/14, 2016/17, 2021/22 and 2029/30. Both options involve the construction of
similar network capacity over this period, however Option 1 commences the provision of that capacity
from Sydney West whilst Option 2 commences from Sydney East. Options 1A and 2A, demand
management options covered in the application notice, have not been put forward as reasonable options
as the RFP covered in section 2 produced network support offers of insufficient capacity. A number of
other network developments that were considered but not put forward as reasonable options are also
covered.

It is noted that it is not intended to recommend commitment to construction of network capacity to meet
limitations emerging in the longer term (which correspond to the second, third and fourth stages of all
options) at this point in time.

In Section 4 the results of an application of the regulatory test considering the both options are presented.
The results indicate that Option 1 including construction of additional 330 kV capacity initially from Sydney
West has the lowest net present value of costs in all of the cases considered.

In Section 5 it is concluded that Option 1 satisfies the regulatory test. On this basis the proposed action is
for TransGrid and EnergyAustralia to proceed with construction of the first stage of the network solution
for that option for summer 2013/14. The cost of the Stage 1 works is estimated to be $557 Million.

Page 4 of 46



Final Report - Supply to the Sydney CBD and Inner Metropolitan Area

1. Introduction
1.1. Purpose and Scope

TransGrid owns the majority of the transmission network within NSW and is responsible inter alia for
planning and developing its network to meet the requirements of customers within the State and to
facilitate operation of the National Electricity Market (NEM). As part of its planning responsibilities and
the requirements of the National Electricity Rules (the Rules) TransGrid consults with NEM registered
participants, AEMO and interested parties on emerging limitations within its transmission network and
options being considered to relieve them.

EnergyAustralia owns the subtransmission and distribution networks and some transmission facilities
within the Sydney CBD and Inner Metropolitan area and is responsible for planning and developing those
networks.

TransGrid and EnergyAustralia have responsibilities under the Rules to carry out joint planning to
facilitate the optimal development of connections between the transmission and distribution networks
withihnEner gy Au sidtwork dréaa 6 s

This final report has been prepared in accordance with Clauses 5.6.6(h) of the Rules. It relates to a
proposal for a new large transmission network asset that will address the requirements of providing an
agreed level of reliability of supply for the Sydney CBD and Inner Metropolitan area.

It includes:
¢ A summary of the load forecast for the area;
e A description of the network reliability criterion that has been adopted for planning purposes;

e A description of the network limitations identified by TransGrid and EnergyAustralia that have led
to a necessity for augmentation of the transmission network supplying the Sydney CBD and Inner
Metropolitan area;

s A description of all reasonable network and non-network options that have been identified to
meet these limitations;

e An analysis of the ranking of these options
(AERG6s) regulatory test;

e A preliminary assessment of the outcome of the regulatory test and proposed actions; and

e Information which may be relevant to persons who may wish to dispute any aspect of this final
report.

1.2. Outline of Consultation Process

TransGrid and EnergyAustralia have published a description of limitations affecting the transmission
network supplying the Sydney CBD and Inner Metropolitan area in their Annual Planning Reports (APRSs)
for the last several years. These are described in the TransGrid APR sections covering supply to the
Western Sydney area and supply to the Southern and Inner Metropolitan areas of Sydney and the
EnergyAustralia APR covering Rookwood Road Bulk Supply Point 132 kV connections. The APR 2009
foreshadowed publication of the application notice.

In December 2009 TransGrid and EnergyAustralia published an application notice covering a proposal for
a new large transmission network asset that would address the network limitations described in Section
2.5. A summary of the application n o t" iDecembav 2009.
Interested parties were invited to make submissions in the period to 22M January 2010. No submissions
were received.

TransGrid and EnergyAustralia have applied the regulatory test to all known reasonable options to meet
the network limitations in this final report and have determined the option that satisfies the test.

Accordingly TransGrid and EnergyAustralia have completed their obligations under clause 5.6.6(b) of the
Rules and will proceed in accordance with the proposed actions detailed in Section 5 of this final report.

Persons wishing to dispute any aspect of this final report are referred to Section 6.

A summary of this final report has been posted

Page 5 of 46

publ i ¢

on

AEN



Final Report - Supply to the Sydney CBD and Inner Metropolitan Area

2. ldentification of a Necessity for Augmentation
2.1. Regulatory Requirements
2.1.1. Requirements of the National Electricity Rules

This final report covers a proposal for a new large transmission network asset.

The requirements of the National Electricity Rules for new large transmission network asset proposals are
set out in Clause 5.6.6. This requires applicants (in this case TransGrid), inter-alia, to:

s Set out the reasons for proposing the new large transmission network asset, including the actual
or potential constraint or inability to meet network performance requirements;

e Describe all reasonable network and non-network options to address the constraint;

e Rank the options in accordance with the principles
analysis of why the applicant considers the new large transmission network asset satisfies the
regulatory test;

e Where relevant, provide analysis of why the applicant considers the new large transmission
network asset is a reliability augmentation.

e Provide an augmentation technical report or consents to proceed from affected TNSPs if the new
large transmission network asset is likely to have a material inter-network impact.

These requirements are underpinned by Clauses 5.6.2(a), (b) and (c) of the Rules, which require network
service providers to:

¢ Analyse their networks and conduct joint annual planning reviews to identify necessities for
augmentation or extension of those networks; and

¢ Undertake joint planning in order to determine plans that can be considered by registered
participants, AEMO and interested parties.

2.1.2. Requirements of the Regulatory Test

The regulatory test may be applied in either one of two ways. The regulatory test states that an option
satisfies the test if:

(@ in the event the option is necessitated principally by inability to meet the service standards
linked to the technical requirements of schedule 5.1 of the NER or in applicable regulatory
instruments - the option minimises the costs of meeting those requirements, compared with
alternative option/s in a majority of reasonable scenarios;

(b) in all other cases - the option maximises the expected net economic benefit to all those who
produce, consume and transport electricity in the national electricity market compared to the
likely alternative option/s in a majority of reasonable scenarios. Net economic benefit equals
the market benefit less costs.

The Rules define a reliability augmentation as:

A transmission network augmentation that is necessitated principally by inability to meet the
minimum network performance requirements set out in schedule 5.1 or in relevant legislation,
regulations or any statutory instrument of a participating jurisdiction.

Thus for reliability augmentations clause (a) of the test should be used. That is for reliability
augmentations the option that satisfies the regulatory test is the one that minimises the cost of meeting
the minimum network performance requirements set out in schedule 5.1 of the Rules or via a jurisdictional
or customer requirement.

2.2.  Jurisdictional Requirements
2.2.1. Requirements of the Energy Services Corporations Act

TransGridés enabling | egislation is thetBbhtterAgygetsSer vi c
out the five principal objectives which in summary are:

1. To be a successful business. This includes:
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a. To operate at least as efficiently as any comparable business;

To maxi mise the net worth of the Stateds inve
c. To exhibit a sense of social responsibility by having regard to the interest of the
community in which it operates;
2. To protect the environment by conducting its operations in compliance with the principles of
ecologically sustainable development;
3. To exhibit a sense of responsibility to regional development;
4. To operate efficient, safe and reliable facilities; and
5. To promote effective access.
It is important to note that the Act explicitly identifies that each of these objectives is of equal value, and
thus a balanced approach must be taken in decision making to reflect this obligation. In particular it is
worth noting that efficiency is not superior to the environment or the community.
When developing options to overcome actual or potential network constraints, TransGrid initially
assesses possible options against the above requirements and then applies the regulatory test to those
which satisfy them.
Possible options which were considered but not pursued are described in Section 3.3.
2.2.2. Reliability Criterion
As stated in its Annual Planning Report, TransGrid is expected by the NSW jurisdiction to plan and
develop its transmiskd obmasnies.wor Rhan i@a®sn, ANnl ess speci
TransGrid and the affected distribution network owner or major directly connected end-use customer,
there will be no inadvertent loss of load (other than load which is interruptible or dispatchable) following
an outage of a single circuit (a line or a cable) or transformer, during periods of forecast high load.
In fulfilling this obligation, TransGrid must recogni

role as system operator for the NEM.-10 Tap parcaccaocrtmodan

modified in the following circumstances:

¢ Where agreed between TransGrid and a distribution network owner or major directly connected
end-use customer, agreed levels of supply interruption can be accepted for particular single
outages, before augmentation of the network is undertaken (for example the situation with radial
supplies).

¢ Where requested by a distribution network owner or major directly connected end-use customer
and agreed with TransGrid there will be no inadvertent loss of load (other than load which is
interruptible or dispatchable) following an outage of a section of busbar or coincident outages of
agreed combinations of two circuits, two transformers or a circuit and a transformer (for example
supply to the CBD and Inner Metropolitan area of Sydney).

e The main transmission network, which is operated by AEMO, should have sufficient capacity to

accommodate AEMOO6s operating practices without in

is interruptible or dispatchable) or uneconomic constraints on the energy market. At present

AEMOOG s operational p r -dispatdh cok generatiorc &nd éeillary Isezvices e

following a first contingency, such that wi
anticipation of the next critical credible contingency.

These requirements under underpinned by mandatory licence conditions for New South Wales
Distribution Network Service Providers. The licence conditions specify N-1, one minute reliability levels at
connection points supplying load greater than minimum values that range from 5-15 MVA depending on
the type of load.

The decision to adopt a reliability criterion for the transmission network supplying the CBD and Inner
Metropolitan area that is more onerous than N-1 was made jointly by TransGrid and EnergyAustralia after
consideration of:

e The importance and commercial sensitivity of the Sydney area load to supply interruptions;
e The high cost of applying a full N-2 reliability criterion to the transmission network;
¢ The large number of elements in the 132 kV network;
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The past performance of the cable system; and
The long times to repair cables should they fail.

by 2014 highlighting the appropriateness of a more onerous criterion for the Inner Metropolitan network.

The criterion applied to the area is consistent with that applied in electricity supply to major cities
throughout the world. Many developed countries use a full N-2 reliability criterion. However, some
countries apply an N-1 criterion with some selected N-2 contingencies that commonly include two cables
sharing the one trench or a double circuit line.

With the above considerations the reliability criterion that has been jointly agreed by TransGrid and
EnergyAustralia for the transmission network supplying the Sydney CBD and Inner Metropolitan area is

addition EnergyAustraliads | icence c-2relbbiltyilevefss

wi ||

as follows:

a. Under normal system conditions, all elements must be loaded within their recurrent cyclic rating
(assigned APl anning Ratingo);

b. System loadings under first contingency outages will remain within equipment recurrent cyclic
ratings without corrective switchinghatnhpeoveéehan f

C. Cyclic load shedding (in areas other than the Sydney CBD) may be required in the short term
following a simultaneous outage of a single 330 kV cable and any 132 kV transmission feeder or
330 kV transformer in the Inner Metropolitan area until corrective switching is carried out on the
330 kV and 132 kV systems;

d. The system should be designed to remove the impact of a bus-section outage at existing
transmission substations. New transmission substations should be designed to cater for bus-
section outages;

e. The | oad forecast to be considered is based

f. Loading is regarded as unsatisfactory when 330/132 kV transformers and 330 kV or 132 kV
cables are loaded beyond their recurrent cyclic rating; and

g. Fault interruption duty must be contained to within equipment ratings at all times.

In the remainderofthisdocument this criterion i2s0 dreeslciraibbield tays
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2.3.  Supply Arrangements in the Sydney Area

Vineyard

Sydney
North

Sydney
East

Regentville
Sydney
West P eaom

Holroyd ) =N,
.= Site o
/ o cuntos &
- oz
PO
Contr

Mot
: Beaconsfield
J Liverpool d

- "Haymarket
@ suryrits

> 500kV D/C Line
L 330kV D/C Lines

Sydney ¥ . s i 330kV S/C Lines
Southy JA. @uiinis” s 330kV Cable
A N o 132kVDICLines
\ N eI/ S N S 132kV Cable Pairs
/ ,\% @
Ingleburn ‘; ;& &, Kurnel

132kV S/C Line
xxxxxx

Macarthur

Approximately half of the New South Wales power demand occurs within the Greater Sydney area. The
main elements of the network supplying the area are shown in Figure 1 above.

Supply to the area is provided via 500 kV at Kemps Creek and ten 330 kV substations at Sydney East,
Sydney North, Sydney West, Sydney South, Beaconsfield West, Haymarket, Vineyard, Regentville
Liverpool and Ingleburn. These substations are interconnected with the State's power stations to the
north and west of Sydney and the main grid to the south and supply lower voltage networks owned by
EnergyAustralia and Integral Energy.

An overview of the 330/132 kV network supplying the Sydney CBD and Inner Metropolitan area is shown
in Appendix 1. The 132 kV network is supplied from four 330/132 kV substations at Sydney North,
Sydney South, Beaconsfield West and Haymarket. Beaconsfield West and Haymarket substations are
supplied via two 330 kV cables from Sydney South. The 132 kV network is comprised of both
transmission and distribution components. This 132 kV network is complex however its salient features
can be described as follows:

e The 132 kV transmission network comprises a meshed network interconnecting the four TransGrid
330/132 kV substations;

e The 132 kV distribution network is composed of a predominantly radial network with normally open
points to:

e Control fault levels;
¢  Simplify protection and network operation; and

s Prevent equipment overloads during emergencies;
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The normally open points and other features allow the distribution network to be reconfigured in
emergencies to re-establish supply within a load area. The 132 kV transmission network however
provides limited ability to influence loading on the 132 kV distribution network via load transfers or
network switching.

2.4. Load Forecast

Forecast summer maximum demands (published in the APR 2009) at the 330 kV substations supplying
the Inner Metropolitan area are shown in Table 1. Forecast summer maximum demands at
EnergyAustraliabés substations in the area are include

Table 1 Inner Metropolitan Area Forecast Summer Maximum Demands

2009 2010/ 2011/ 2012/ 2013/ 2014/ 2015/ 2016/ 2017/ 2018/
/10 11 12 13 14 15 16 17 18 19

Beaconsfield 486 498 521 429 446 460 459 463 477 484
West

Chullora* 466 466 483 523 544 570 583
Haymarket 576 590 617 513 534 560 566 571 597 610
Sydney North 1132 1165 1194 1278 1247 1218 1233 1278 1261 1253
Sydney South 1418 1453 1489 1242 1297 1344 1366 1375 1407 1423

Totals 3612 3706 3821 3928 3990 4065 « 4147 4231 4312 4353

Figure 1 below shows historical® and forecast summer maximum demands for the Sydney CBD and Inner
Metropolitan area.

1 Chullora is now referred to as Rookwood Road. At the time that the APR 2009 was published, it wis stigtgtidadatbaldtibe required for
Summer 2012/13. It is now expected to be established by Summer 2013/14 (subject to this consultation).

2 On any day, the maximum demand for electricity is affected by a number of factéitayirtghéfimibes are usually higher on working weekdays
than on weekends, public holidays and in the period from Christmas to mid January) and temperature (dema&nds geysrallyhigheras
temperature in summer and lower temperature in @ansaguentlyare needs to be exercised in interpreting historical maximum demands as
underlying trends can be masked by things such as a number of consecutive years each having above (or belo¥g) average temperat

Page 10 of 46



Final Report - Supply to the Sydney CBD and Inner Metropolitan Area

Figure 1 Historical and Forecast Summer Maximum Demands

2.5. Transmission Network Limitations

This document covers network limitations that are forecast to emerge in the network supplying the
Sydney CBD and Inner Metropolitan area that will require major network reinforcement by 2013/14 and
further major increments in transmission network capacity in the period to 2030.

2.5.1. Augmentations that Address Limitations Emerging in the Period to 2013/14

Other transmission network limitations have emerged or are expected to emerge in the period to 2013/14
and are being addressed by small scale network augmentations. These are discussed below. Proposals
for these augmentations have been covered by previous regulatory processes.

Sydney South Replacement of No. 1 to No. 4 Transformers

To increase the transformer capacity at Sydney South 330/132 kV substation the No. 1 to No. 4 250 MVA
banks of single phase 330/132 kV transformers are being replaced by 375 MVA three phase units. The
replacement of No 2 transformer was completed in December 2007, No. 3 in October 2008 and No. 1 in
August 2009, with No 4 expected to be replaced by early 2010.

To further increase the effective capacity of the transformers at Sydney South facilities will be provided to
allow the new no 4 transformer to be connected to the 132 kV busbar in emergencies and 132 kV feeder
connections will be reconfigured. These works are planned to be under t aken after
Kurnell i Bunnerong 132 kV cables are commissioned.

Sydney South i Beaconsfield West 330 kV Cable Series Reactor Replacement

A 330 kV series reactor is installed on the Sydney South - Beaconsfield West 330 kV cable to control
power flows and short circuit levels. To meet the modified N-2 criterion the loading on the Sydney South -
Beaconsfield West cable must be reduced to maintain the loading within the cable rating.

The existing 330 kV series reactor is being replaced with a device with a higher reactance. These works
are expected to be completed by mid 2010.

Beaconsfield West 3™ 330/132 kV Transformer

An outage of either 330/132 kV transformer at Beaconsfield West 330 kV substation and the Sydney
South 1 Haymarket 330 kV cable under high load conditions would impose excessive loading on the other
330/132 kV transformer at Beaconsfield West. To meet this limitation a third 375 MVA 330/132 kV
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