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NOTICE

Ernst & Young was engaged on the instructions of Central New South Wales Joint Organisation (“CNSWJO” or “Client”) to conduct a Business
Case for the nexus between emissions reduction and energy security in Central New South Wales (NSW) (“Project"), in accordance with the
contract dated 29 May 2023.

The results of Ernst & Young’s work, including the assumptions and qualifications made in preparing the report, are set out in Ernst & Young's
report dated November 2023 ("Report™). The Report should be read in its entirety, the applicable scope of the work and any limitations. A
reference to the Report includes any part of the Report.

Ernst & Young has prepared the Report for the benefit of the Client and has considered only the interests of the Client. Ernst & Young has not
been engaged to act, and has not acted, as advisor to any other party. Accordingly, Ernst & Young makes no representations as to the
appropriateness, accuracy or completeness of the Report for any other party's purposes.

Our work commenced on 1 June 2023. No further work has been undertaken by EY since the date of the Report to update it, and EY has no
responsibility to update the Report to take account of events or circumstances arising after that date. Therefore, our Report does not take
account of events or circumstances arising after the 31 October 2023.

No reliance may be placed upon the Report or any of its contents by any party other than the Client (“Third Parties”). Any Third Party receiving a
copy of the Report must make and rely on their own enquiries in relation to the issues to which the Report relates, the contents of the Report and
all matters arising from or relating to or in any way connected with the Report or its contents.

Ernst & Young disclaims all responsibility to any Third Parties for any loss or liability that the Third Parties may suffer or incur arising from or
relating to or in any way connected with the contents of the Report, the provision of the Report to the Third Parties or the reliance upon the
Report by the Third Parties.

No claim or demand or any actions or proceedings may be brought against Ernst & Young arising from or connected with the contents of the
Report or the provision of the Report to the Third Parties. Ernst & Young will be released and forever discharged from any such claims,
demands, actions or proceedings.

In preparing this Report Ernst & Young has considered and relied upon information from a range of sources believed to be reliable and accurate.
We have not been informed that any information supplied to it, or obtained from public sources, was false or that any material information has
been withheld from it. Neither Ernst & Young nor any member or employee thereof undertakes responsibility in any way whatsoever to any
person in respect of errors in this Report arising from incorrect information provided to EY

Ernst & Young does not imply and it should not be construed that it has verified any of the information provided to it, or that its enquiries could
have identified any matter that a more extensive examination might disclose.

The analysis and Report do not constitute a recommendation on a future course of action.

Ernst & Young have consented to the Report being published electronically on the Client’s website for informational purposes only. Ernst &
Young have not consented to distribution or disclosure beyond this. The material contained in the Report, including the Ernst & Young logo, is
copyright. The copyright in the material contained in the Report itself, excluding Ernst & Young logo, vests in the Client. The Report, including the
Ernst & Young logo, cannot be altered without prior written permission from Ernst & Young.

Ernst & Young’s liability is limited by a scheme approved under Professional Standards Legislation.
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Key Definitions

Key definitions

A summary of the key terms utilised throughout this report has been listed below.

BESS

Capacity

Consumption

DER

Distribution Network

kw / MW / GW

kWh / MWh / GWh

LGA

N-O / N-1

Network Constraint

Peak Demand

PHES

RIT-T

Rooftop solar PV

Substation / Switching

Station

‘Battery Energy Storage System’ is a generator that uses a battery to store and
release energy.

‘Capacity’ for the purposes of this report refers to generator output, or the size of a
generating project - its maximum power output.

‘Consumption’ refers to the total electrical power used by residential, commercial and
large industrial customers.

‘Distributed Energy Resources’ refer to small-scale energy resources that are
connected to the distribution network that can produce electricity or actively manage
demand. Examples of DER include residential solar PV, batteries, electric vehicles and
demand response enabled appliances.

‘Distribution Network’ transports electricity at low voltages from transmission
substations to smaller energy customers.

‘Kilowatts / Megawatts / Gigawatts’ are units of electrical capacity or power.

‘Kilowatt-hours / Megawatt-hours / Gigawatt-hours’ are units of power consumption,
for example 1kWh is 1kW consumed continuously for one hour.

‘Local Government Area’ refers to an individual council area. The Central NSW Joint
Organisation covers 11 LGAs and a county council.

‘N-O / N-1’ refer to levels of operational security within the transmission network.
Operating at ‘N-1’ means that you are operating with ‘N’ components in the system
and are able to handle the loss of 1. Operating without any room for contingencies is
called operating at ‘N-O’.

A ‘Network Constraint’ is an enforced limit on the power system to avoid exceeding
operating limits, for example thermal overload, voltage instability, etc.

‘Peak Demand’ is the maximum electricity demand used by customers during any
given day.

‘Pumped Hydro Energy Storage’ is a technology that stores and releases energy by
controlling water between two reservoirs. When pumping, it moves water from a
lower reservoir to an upper reservoir, and when generating it releases the water from
upper to lower through turbines that harness the gravitational energy.

A ‘Regulatory Investment for Transmission’ is a regulatory cost benefit analysis
process undertaken by Transmission Network Service Providers that ensures that
transmission investments consider a range of potential solutions and will provide net
economic benefits for customers.

‘Solar Photovoltaic (cells)’ refers to solar panels that convert sunlight into electricity
through photovoltaic cells.

‘Substations’ and ‘Switching Stations’ are nodes within the transmission network and
can provide a connection point between the electrical transmission network and
distribution network.
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Key Definitions

Key definitions
A summary of the key terms utilised throughout this report has been listed below.

Technical Curtailment / ‘Technical Curtailment’ or ‘Curtailment’ refers to energy that a generator is able

Curtailment to sell to the grid (e.g. solar panels are generating energy from the sun) but due to
risk of transmission overload/constraints AEMO does not allow some (or all) of that
energy to be sold (i.e. the energy is simply lost).

TNSP ‘Transmission Network Service Provider’ is the operator of the transmission network.
In NSW Transgrid is the TNSP.

Transmission Network ‘Transmission Network’ transports electricity at high-voltages from generators to
major demand centres.

USE ‘Unserved Energy’ is customer demand that cannot be met by the power system.
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1 Executive Summary

The National Electricity Market (NEM) is a cross-state electricity system that serves Queensland, New South Wales
(NSW), the Australian Capital Territory, Victoria, Tasmania and South Australia. The electricity system in Central
NSW forms part of the NEM. This report summarises the capacity of the Central NSW region for increased NEM-
connected renewable energy and firming (storage) generation to meet future energy demand. It provides an
assessment of the region’s renewable energy capacity in terms of existing, planned and future potential renewable
and storage projects as well as of the transmission network capacity and constraints to help achieve a net zero
carbon energy system. Consideration of capacity on the distribution network is considered in the separate Demand
Report and Opportunities Context Report.

The NEM is an interconnected system that facilitates a complex energy market place

The NEM is like a traditional market place in the sense that it provides a platform for the buying and selling of a
commodity (energy) but it has some complications due to the physics of the electricity system. These complications
require the Australian Energy Market Operator (AEMO) to centrally coordinate large-scale generators such that
demand is met and transmission infrastructure is not damaged by high power flows.

Central NSW has significant developer interest covering a range of renewable technologies, to replace retiring

coal generation and service future energy demand. This interest is balanced against the capacity and
constraints of the transmission network.

Central NSW currently hosts 390 MW of wind and solar, which is expected to grow with the Flyers Creek Wind Farm
and Quorn Park Solar Farm in the near term. Outside of these projects, there is strong interest in battery energy
storage systems (BESS) and pumped hydro energy storage (PHES) technologies (2,500 MW proposed) in the east of
the region to utilise the strength of the network in this location. This includes the proposed Transgrid battery at the
Panorama Zone Substation. The 500 kV transmission lines running north and south of Lithgow also have the
potential to host large wind projects, whereas the existing 132 kV lines in Central NSW have the potential for some
smaller renewable projects (primarily between Orange and Lithgow). Battery projects could support existing and
future solar farms in the 132 kV network by absorbing energy that might not be able to be sold to the grid. The
greatest developer interest in large-scale projects is focussed around Bathurst and Lithgow, primarily in storage
technologies. Storage technologies provide the flexibility to support and stabilise the transmission network and
absorb excess solar energy.

Figure 1: Map of transmission and large-scale generators in the Central NSW region Existing generation
1,400 MW existing coal
250 MW existing solar
140 MW existing wind

Wellington .
9 Proposed generation

570 MW proposed wind
490 MW proposed solar
2,500 MW proposed storage

To Central-West

Parkes

To Sydney

@  Zone Substations

== Transmission Line (500kV) my  Existing solar farm AR~ Proposed solar farm Proposed battery
== Transmission Line (330kV) Vf» Existing wind farm ‘”f; Proposed wind farm
== Transmission Line (132kV) TQT Existing coal station @ Proposed pumped hydro
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1 Executive Summary

The Central West-Orana Renewable Energy Zone will utilise infrastructure within Central NSW, potentially
increasing curtailment risk for large-scale renewable energy projects in the region

The NSW Government has identified Renewable Energy Zones (REZs) that are target areas for investmentin
renewable energy generation. One of the identified REZs is the Central-West Orana (CWO) REZ, which is located
north of the Central NSW region. The CWO REZ has significant renewable energy developer interest and support from
the legislated NSW Electricity Infrastructure Roadmap (NSW Roadmap), which means that investments within the REZ
will be prioritised to enable access and reduce losses within the REZ. There is also a relatively strong transmission
network in that area. A majority of the energy from the CWO REZ will flow on the strong transmission network but
some generation from the CWO REZ will contribute to power flows south and east on the transmission network in
Central NSW. This will reduce the headroom on transmission lines used by existing and future large-scale generators
in Central NSW and may increase curtailment risk where there is limited capacity to transfer energy. The intended
capacity of the CWO REZ is under consultation to be increased, which could have a larger impact on Central NSW,
depending on the associated network impacts.?

The Central NSW transmission network has a current constraint that is reducing the amount of renewable

energy that can be generated

The Molong - Orange transmission line is a current transmission bottleneck that is reducing the amount of renewable
energy that can be generated from some projects north and west of Orange. Any increased demand for electricity in
Orange, including from the Cadia Mine, is likely to exacerbate the issue. Transgrid, which owns and operates the
transmission network in NSW, is proposing to increase the rating on this particular line to alleviate the issue, with an
expected commissioning in 2025. However, nearby lines between Wellington and Orange may become limiting
factorsin future, due to their current high utilisation.

Transgrid has identified future energy security issues due to the transmission network being unable to service

increased demand for electricity

Transgrid has identified two future limitations in the transmission network in Central NSW based on forecasts for
increased electricity consumption at Parkes and a new gold mine near Panorama Zone Substation. These limitations
are expected to drive unserved energy (USE), which is customer demand that cannot be supplied within the region, at
those locations if not addressed. Transgrid has proposed network support batteries at Parkes and Panorama Zone
Substations (2026) and a new 132 kV transmission line from Parkes to Wellington (2031), as well as a new switching
station near Bathurst (2025/2026), to address the forecast USE at Parkes and Panorama respectively. While not the
stated intention of the new transmission line to Wellington, it may provide the opportunity for additional renewable
development around Parkes.

AEMO’s Integrated System Plan forecasts replacement of NSW’s coal fleet with renewables and storage,

building a profile for renewables and storage into the future

Since 2018, AEMO has published a report every two years called the Integrated System Plan (ISP) with the main
purpose of modelling and planning transmission upgrades within the NEM. This report outlines scenarios for the
transition from predominantly coal generation to high renewable generation. The ISP is used as the source for the
NSW generation forecast within this report and the broader Business Case because it represents an industry-standard
view on the rate of change to renewables. Further, EY has used a broader NSW generation forecast to determine
emissions for Central NSW given the pooled nature of the electricity market (i.e. once part of the NEM, the source of
energy is not discernible between locations). The key trend in generation is the phasing out of coal generation
through the late 2020s and 2030s, with wind, solar and battery primarily forming the replacement capacity.
Generation in NSW is forecast to more than double by 2050 due to increases in forecast demand. This transition from
coal to wind and solar as the primary generation source reduces the emissions intensity for the NSW grid. More detail
on the impact of the transition in Central NSW to reduced emissions can be found in the emissions analysis within the
Business Case.

1.  Energy Co, Central West Orana Renewable Energy Zone (2023) , https://www.energyco.nsw.gov.au/sites/default/files/2023-08/cwo-
rez-project-update-aug-2023.pdf, Accessed 21 August 2023
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The Central NSW Joint Organisation is
seeking to appropriately invest to address the

2 Introduction nexus between energy security and emissions
reduction in the region

Background

Both the Commonwealth and NSW governments have committed to decarbonisation through legislated policy,
targeting net-zero emissions by 2050. Central NSW aims to support the broader government agendas by achieving
net-zero by 2050.1

Decarbonising the energy system is a core part of meeting our net-zero goals. The Central NSW Joint Organisation
(CNSWJO) recognises that an orderly transition to a renewable energy future will require investment in infrastructure
in the region. Therefore, CNSWJO is seeking to build the case for a targeted approach to energy infrastructure
investment in the region to:

1. Increase energy security for the region; and
2. Reduce emissions, consistent with NSW Government net-zero goals.

To date, the energy transition has been led by the uptake of solar power, in which Australia is a global leader.
Australia has the seventh largest installed capacity of solar photovoltaics (PV) and the highest capacity per capita.2 In
large part this is supported by the advanced uptake of rooftop PV on homes, with approximately 1 in 3 homes having
installed rooftop solar.3 However, the transition to renewable energy also requires investment in other variable
renewable generation (such as wind) and firming technologies (flexible generation to ensure consistent energy
supply, such as batteries) that can adequately substitute the role that coal-fired power generation currently plays
(currently around two-thirds of NSW generation) while maintaining a secure and reliable electricity system. The
current transmission and distribution networks were also not designed to accommodate the transition, and will need
investment.

This report supports the Business Case that identifies the required investment to address the nexus between
emissions reduction and energy security in Central NSW. Specifically, this report sets out the capacity of the
transmission electricity system to host NEM-connected renewable energy assets.

Scope

The scope of this report addresses items 3 and 7 of the overall scope of work - it includes the assessment of existing
and proposed large-scale renewable generation capacity within the CNSWJO region. It also includes an assessment of
current and future potential transmission network infrastructure in terms of stronger and weaker areas that can
support renewables development in the region. Capacity and network constraints on the distribution network are
discussed separately in the Demand Report (another appendix to the Business Case).

Objectives
The objectives of this Capacity Assessment are to:

e Outline how Central NSW forms part of the wider transmission system and the implications this has on the capacity
of the region to host new NEM-connected renewable generation assets.

e Set out the current and anticipated renewable generation and storage assets located in the Central NSW region.

e Provide a view of the potential for large-scale wind and solar renewable generation and battery capacity
developmentin Central NSW.

e Detail current transmission network conditions and limits as well as the impact of proposed upgrades and
augmentations to the transmission network.

e Outline a generation forecast for NSW for use in
the Emissions Assessment component of the
Business Case.

comprising the CNSWJO

Orange
Central NSW region
The Central NSW area spans 11 regional e
councils in regional NSW, to the west of
Greater Sydney. A map of the councils ‘

m Oberon

2. BP, Statistical Review of World Energy (2022).
3. Global Australia, Solar Energy: Australia’s Renewable Energy Leader (2023).

comprising the CNSWJO is shown in

Figure 2.
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2 Introduction This report is one of many supporting the
Business Case

Alignment to other documents

This Capacity Assessment (this report), has been developed in conjunction with three other reports, which
cumulatively form the appendices documenting the analysis that supports the Business Case. Figure 3 illustrates the
appendix reports produced for the Business Case and an overview of their content. This report should be read in
conjunction with the Business Case and its appendices.

Figure 3: Overview of the appendix reports that support the Business Case

T Business Case

Toa e eteen sisions The Business Case contains the
T A overarching narrative and assessment
: of the options for energy security and
emissions reduction to identify a
preferred option for investment,
utilising the analysis in the below

appendix reports.

Demand Report Capacity Assessment (this  Opportunities Context Report Gas-to-Renewables

This appendix uses data gathered report) This appendix summarises the Transition Assessment
from publicly available sources and This report summarises an potential opportunities to This appendix categorises gas
Distribution Network Service assessment of the region’s deploy distributed energy usage in the region, identifies
Providers (DNSPs) to develop a renewable energy capacity resources (DER) solutions in appropriate transition
view of current and forecast and identifies key limits on the  the Central NSW region that technologies, and prioritises
electricity demand and on transmission system that will meet the objectives of the the most impactful
constraints in the distribution could impede the transition. Business Case. opportunities.

network.

Purpose of this report

The purpose of this report is to identify the constraints and opportunities for large-scale wind and solar generation
and battery storage projects across the Central NSW region, to use as an input into the Opportunities Context Report
and Business Case.

This report summarises the research and analysis conducted to assess the region’s large-scale, NEM connected
energy capacity and potential, which informs the Business Case. The Capacity Assessment draws on publicly available
information to provide an overview of:

1. Fundamentals of the NEM and operational constraints.

2. Current and proposed large-scale generation and signals for renewable investment.
3. Current limits in the transmission system and potential future limits.

4. The NSW generation forecast used in the emissions analysis within the Business Case.

Capacity Assessment - Appendix to Nexus between energy security and emissions reduction Business Case
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3 Electricity Market Fundamentals The NEM is an interconnected system that
facilitates a complex energy market place

The National Electricity Market

The NEM is the interconnected electricity system spanning from Far North Queensland to Tasmania and serving
customers in Queensland, New South Wales, the Australian Capital Territory, Victoria, South Australia and Tasmania.
Currently, there are over 40,000 km of transmission lines in the NEM (as shown in Figure 3), which facilitate the

trade of wholesale electricity.

The NEM can be considered like a traditional market
place, with energy ‘traded’ at a representative location
for each region. The energy market has some unique
challenges compared to other commodity markets for
several reasons:

e Itis currently difficult to store large amounts of
electrical energy.

e The power flow from generators to customersis
defined by the physical characteristics of the
electrical network connecting them and not fully
controllable.

e Electricity supply and demand needs to be matched,
all the time.

e Mismatch between supply and demand leads to
technicalissues on the network, which may lead
to system insecurity.

e The total electricity supply is pooled and it is
impossible to match specific supply to specific
consumption.

AEMO coordinates organisations responsible for
generating electricity (i.e. generators) in 5 minute
intervals based on the volume and price of energy that
those generators offer/bid into the market. AEMO
collects these energy bids and determines the
combination and supply volumes from specific
generators in a way that does not lead to overloading
transmission lines. The cost to supply incremental
additional electricity is called the ‘spot price’ and all
generators are paid the spot price for all energy that
they produce (i.e., regardless of source of electricity).

Generators within the NEM

Figure 3: Map showing the extent of the NEM transmission system

Lk
g ] "
R

1)

Source: Australian Energy Market Commission*

The electricity market consists of three types of electricity generation categories:

e Large-scale generation: Energy supply from coal-fired power stations, gas turbines, large wind and solar farms,
hydro generation assets, etc. These generators supply over 30 MW of power into the NEM, are coordinated
(scheduled) by AEMO and sell their energy into the market.

e Small non-scheduled generation: Smaller generators which supply less than 30 MW of power. They sell their
energy to the market but are not coordinated by AEMO (i.e. they are able to generate when and how they would
like to or follow their wind or solar resource unrestricted).

e Other small-scale generation: Small generators which supply less than 5 MW of power. They don’t have to sell
their energy into the market (can sell to a local customer) and can be thought of as reducing demand rather
than adding supply. This category includes generators like grid-connected community batteries.

Generation sources such as rooftop PV or home batteries are not registered or coordinated with AEMO and
similarly to the small-scale generation, are seen as a reduction in demand.

4.  AEMC, National Electricity Market (2023), https://www.aemc.gov.au/energy-system/electricity/electricity-system/NEM. Accessed 15

August 2023.
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3 Electricity Market Fundamentals Transmission lines transfer electricity
across large distances in a secure manner

Transporting electricity

The transmission network is used to move large amounts of electricity around the NEM. The transmission network is
analogous to a highway system that connects cities, moving large quantities of electricity across long distances. The
distribution network is analogous to a road system within a city and is used to supply individual customers with
electricity. Typically, electricity flows from generators into the transmission system, then into distribution networks
to service customers, as presented in Figure 4. Retailers play an intermediary role between the customer and the
electricity system. Their role includes consolidating network costs and retail costs and billing customers, among other
responsibilities.

Figure 4: Typical electricity flow from generating infrastructure to customers

ﬁﬂf — BB =T=T=

Generating Transmission Distribution Electricity
infrastructure network network customer
Source: EY

Transmission limits

Transmission lines have limits to the amount of power that can flow along them (a rating) and exceeding this power
flow limit can lead to overloading and damaging of the lines. Supply and demand misalignment is a serious issue in
the power system and can cause system insecurity, so constraints are put on the operation of the system to ensure
that it can continue to match supply and demand while avoiding overloading components of the network in the event
of equipment failure. For example, if one transmission line is lost, it will not overload another transmission line
because of the change in power flow. Managing the system in this way is called operating at “N-1” because it is
operating with ‘N’ components in the system and it is able to handle the loss of 1. Operating without any room for
contingenciesis called operating at “N-0”.

As power will flow based on the physical parameters of the system (highest proportion of power flow on the ‘path of
least resistance’), limiting power flows on particular lines to avoid overload is done by limiting electricity production
of nearby generators that are contributing to power flows. The NEM is a high reliability system, meaning that very
little demand is not met, and large amounts of work go towards handling peak demand periods when power flows
across the network are highest.

Figure 5 below illustrates how operating at N-1 allows for failuresin a transmission line without overloading other
transmission lines, ensuring a more reliable power system.

Figure 5: Difference in N-O and N-1 operation of transmission lines following a contingency

Transmission lines operating at N-O, each Transmission lines operating at N-1, each
line rated for 50 MW line rated for 50 MW
Transmission line 1 Transmission line 1
50 MW 25 MW
50 MW 25 MW

Transmission line 2 Transmission line 2

If line 1 fails, line 2 will be overloaded due If line 1 fails, line 2 will be able to handle
to the redistributed power flow the redistributed power flow
Transmission line 1 Transmission line 1
0 MW 0 MW
100 MW % 50 MW
Transmission line 2 Transmission line 2
Source: EY
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4 Central NSW Large-scale
Generation Capacity

Chapter overview

This chapter outlines the current and proposed large-scale generation and battery capacity in the Central NSW

region. It also discusses the:

* Investment signals that are present in the NEM and how they relate to the network and capacity within Central
NSW.

» Generation capacity developments occurring in NSW under the NSW Roadmap, specifically relating to the Central-
West Orana region.

Figure 6 on the next page presents a map of the transmission network in the Central NSW region, with large-scale
generation overlaid. Current capacity relates to projects that are operating in the NEM now (noted through black
images and are classified as ‘existing’), with proposed projects representing projects that have been publicly
announced but not yet constructed (noted through purple images and are classified as ‘proposed’). While broader
discussion of PHES or geothermal development potential is not included in this report (discussed in the Opportunities
Context Report) two proposed PHES projects (Lake Lyell PHES and Central-West PHES) have been identified and
included in this discussion to provide a comprehensive view of current and proposed capacity in the region.

The transmission network in Central NSW is characterised by its high voltage (300/500 kV) network extending north
and south of Lithgow, and 132 kV lines servicing the rest of the region. Connections to the region extend from
multiple 132 kV lines from Wellington in the north and two 132 kV lines from Yass to Cowra in the south. Power flow
on the network is dependent on the particular demand and generation in the region, though energy supply can come
from any of the transmission lines that the transmission substations are connected to. Central NSW is better
connected to the wider NSW transmission system through the east and the north, due to higher capacity for power
flow from the multiple transmission lines and higher voltage network.

Capacity Assessment — Appendix to Nexus between energy security and emissions reduction Business Case
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4 Central NSW Large-scale The characteristics of the transmission
Generation Capacity network determine key investment signals

Current and proposed generation

As shown in Figure 6, Central NSW is hosting nearly 1,800 MW of large-scale generation capacity, with the majority of
the capacity from the 1400 MW Mt Piper coal-fired power station and the remainder from 140 MW of wind and 250 MW
of solar PV. Currently, generation in Central NSW (and across the NEM) from renewable sources is able to offset higher
cost generation from other sources (typically from high-emissions technologies, such as coal) due to renewables being
able to offer energy at a low cost as they don’t have to pay for fuel. As such, increased renewable generation is
supporting emissions reductions and putting downwards pressure on electricity prices.

The proposed capacity development for the Central NSW region includes approximately 570 MW of wind, 490 MW of
solar PV, 1,825 MW of battery and 675 MW of PHES. Out of the proposed projects, EY understands that only the Flyers
Creek Wind Farm (145 MW) has begun construction with the Quorn Park Solar Farm (80 MW), expected to begin
construction in late 2023. A majority of the proposed projects lie within the Forbes, Lithgow and Parkes Local
Government Areas (LGAS).

While there is a significant number of proposed generation projects in the Central NSW region, it is unlikely that all the
proposed projects will proceed due to limitations on the network. For example, there is 400 MW of existing and proposed
solar PV capacity located at Forbes while the transmission lines connected to Forbes have a maximum rating of between
100 MW and 150 MW. Without any transmission upgrades it is likely that the proposed projects would be curtailed,
making it unlikely for the full proposed capacity to be built.

Developer investment signals
From a market and network perspective, large-scale renewable project developers are looking for:

e Connection to the transmission network in a location that allows them to send their electricity without restriction (i.e.,
not be curtailed by AEMO due to network constraints). This includes being aware of the risk of other projects/loads
connecting near them in the future and increasing local power flows. Higher voltage transmissions lines are typically
able to carry higher power flows than lower voltage transmission lines.

e Low electricity losses through transmission lines. When power flows through a transmission line, some energy is lost
through heat, which is dependent on the amount of power flow and the parameters of the transmission line. Lower
voltage transmission lines typically have higher losses than higher voltage transmission lines, with higher losses
leading to lower revenue for nearby generation projects. When considering a connection to higher voltage networks,
more expensive equipment is required, and projects need to be larger (hundreds of MW) to justify the capital cost.

e Good renewable resources. As electricity production from a solar or wind farm is dependent on sun and wind
resources respectively, developers will look for locations that have the highest available resources over a year. Wind
and solar resources in Central NSW are shown on the following page.

e Land availability and suitability. Large wind and solar farms require a large area, with wind farms typically looking for
ridgelines with good access for construction. Batteries are less land intensive but will aim to be constructed near
existing substations to minimise costs, while pumped hydro projects need to be built near locations with existing or
potential water reservoirs.

Considering the risk of curtailment, the 132 kV transmission lines in Central NSW do not have the ability to host large
projects (>150 MW) without significant upgrades. This is because single 132 kV transmission lines are only rated for
maximum power flows of up to around 150 MW, and there are existing projects in the network. A single, smaller project
on a 132 kV line has the potential to take up any remaining capacity on the line, increasing the curtailment risk for
subsequent projects.> Projects have the potential to connect to multiple lines between Orange and Lithgow, so that
power flows are distributed over multiple lines. Smaller battery storage projects could take advantage of, or be paired
with, solar generation in the 132 kV network by shifting excess electricity that may have been curtailed to times with
lower renewable availability. This would allow the solar projects to be oversized for the transmission they connect to
(i.e., storing energy when there is oversupply in the grid, and releasing energy when there is undersupply in the grid).
Transgrid, the Transmission Network Service Provider (TNSP) for Central NSW, has proposed batteries to be located at
the 132 kV Panorama Zone Substation and Parkes, which will support the local network and facilitate future demand
growth. It is worth noting that all of the larger proposed projects (>200 MW) are located in the east of the Central NSW
region, near the higher voltage 330 kV and 500 kV transmission lines, such as the proposed Paling Yards Wind Farm in
the Oberon LGA. Connection locations near retired coal stations (such as Wallerawang near Lithgow) are favourable to
large storage projects due to the existing substation infrastructure and the strong 330 kV and 500 kV network
connections. This is exemplified by the several proposed storage projects (battery and PHES) located near Lithgow.
5. In this context curtailment is referring to energy that a generator is able to sell to the grid (e.g. solar panels are generating energy from the sun)
but due to risk of transmission overload/constraints AEMO does not allow some (or all) of that energy to be sold (i.e. the energy is simply lost).
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4 Central NSW Large -scale Central NSW has strong renewable

Generation Capacity

Renewable resources

resources

Figure 7 shows the available solar resources by LGA. Typically the more western LGAs have higher solar resources,
which leads to higher average electricity generation from a solar farm. Existing solar farms are located in Parkes and

Forbes to utilise this higher resource.

Figure 8 shows the available wind resources (represented by wind speed) of the Central NSW region. Average wind speed
is generally higher around elevated terrain and ridgelines. The high voltage network in Lithgow and Oberon runs near
this high wind resource, giving these LGAs potential for development of large-scale wind farms.

This report has focussed on renewable generation (wind and solar) opportunity. For information on PHES and
geothermal resource availability and opportunity, please refer to the Opportunities Context Report.

Figure 7: Map showing the available solar resource in Central NSW
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Source: World Bank Group (2023), Global Solar Atlas, accessed 25 August 2023.

Figure 8: Map showing the available wind resource (represented by wind speed) in Central NSW

Source: NSW Resources Regulator and Transgrid Transmission Annual Planning Report 2023.
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NSW has plans for the transition to

4 Central NSW Large-scale renewables and Central-West Orana plays a
Generation Capacity key role

The NSW Electricity Infrastructure Roadmap

The NSW Government has legislated renewable capacity and storage targets to assist in the transition from fossil-fuel
generation to renewable energy generation, which is broadly referred to as the NSW Roadmap.® The NSW Roadmap
has a target of 33.6 TWh of annual renewable generation (equivalent to around 12 GW of wind/solar) and 2 GW of
long-duration storage by 2030. This 33.6 TWh target is equal to around 6 times the annual production of the 1400
MW Mt Piper coal station near Lithgow. The purpose of the NSW Roadmap is to ensure that customer demand for
electricity in NSW continues to be met following the retirement of coal stations.

To achieve these renewable energy targets there are bi-annual tenders to award financial contracts to renewable
generation and storage projects that are deemed to provide the highest benefit to NSW customers as evaluated by
AEMO. To coordinate and streamline the development of these new generators the NSW Government has identified
REZs that are target areas for investment and will facilitate the achievement of NSW Roadmap targets. One of the
identified REZs is the CWO REZ, which is located north of the Central NSW region (as shown in Figure 9). The network
around Wellington and Wollar is high voltage (330 kV and 500 kV), with proposed network extensions at these
voltages to facilitate large-scale renewables in the CWO REZ. The strength of the network in this area and expected
future improvements incentivises renewable developers, with thousands of MWs of proposed wind and solar farms in
this region. A 400 MW solar farm located between Wellington and Wollar was announced as a winner in the first NSW
Roadmap tender round.

Due to the interconnection of the transmission network across regions, projects located in the CWO REZ are
contributing to power flows on the network in Central NSW. Higher voltage transmission facilitates higher power
flows and take a higher proportion of the power flow, indicated by the thicker arrows in the diagram. These power
flows could increase curtailment and risk of higher losses (i.e., risk of reduced revenue) for existing and potential
future projects in the Central NSW region, particularly on the lower rated 132 kV network. The CWO REZ is still
under-development, with a proposed increase for the intended hosting capacity.” While dependent of the final
network configurations, generally the more capacity located in the REZ, the more power flow through Central NSW,
potentially impacting generators there.

Figure 9: Map highlighting the expected power flow from generation in the CWO REZ8
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6. Energy Co, Electricity Infrastructure Roadmap (2023), https://www.energyco.nsw.gov.au/about-energyco/electricity-infrastructure-
roadmap. Accessed 28 July 2023.

7. Energy Co, Central West Orange Renewable Energy Zone (2023), https://www.energyco.nsw.gov.au/sites/default/files/2023-08/cwo-rez-
project-update-aug-2023.pdf. Accessed 21 August 2023.

8. openstreetmap.org/copyright
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5 Central NSW Electricity Transmission
Network Infrastructure

Chapter overview

This chapter outlines the current and future potential transmission network limits in the Central NSW region. These
limits have been identified through reports published by Transgrid overlaid with the expected impacts of proposed
network upgrades and generation projects, based on EY's market modelling experience.

Figure 10 on the next page is a map of the current transmission network in the Central NSW region, with information
about current N-O and N-1 limits from Transgrid’s 2023 Transmission Annual Planning Report (TAPR) and
transmission line rating data.® The percentages in the figure present the maximum utilisation of each transmission
line (measured power flow divided by maximum possible power flow) for N-O and N-1 conditions. Lines with high
utilisation are likely to be a limiting factor for power flows. Utilisation above 80% has been coloured red to highlight
those transmission lines that are running close to their limits and are more at risk. Utilisation above 100% can
indicate situations in which special control schemes have been implemented to manage overload power flows, and
represents a line that is running very close to its allowable limits.

The rating information provides an indication of the range of maximum power flow for each transmission line
(variance primarily due to seasonal temperature differences). These ratings are presented in MVA, which is roughly
5% higher than the real power flow (MW) though this ratio is not fixed and is dependent on the particular network
conditions.

9. Transgrid, Transmission Annual Planning Report (2023).
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5 Central NSW Electricity Transmission Molong to Orange is an existing
Network Infrastructure limitation on the current network

Current transmission network limitations

The current transmission network consists of 132 kV, 330 kV and 500 kV transmission lines and substations, with
the higher voltage (330 kV and 500 kV) infrastructure located in the east of the region (Bathurst, Lithgow and
Oberon LGASs). These higher voltage lines are able to transfer higher levels of electricity, with the 500 kV linesin
Central NSW able to transfer up to 30 times more electricity than some of the 132 kV lines. Some of the 132 kV
transmission lines (especially the network west of Orange, shown in Figure 10) are approaching or exceeding N-1
limits, with solar projects in the area using special protection schemes agreed with Transgrid and AEMO to allow
operation at N-O limits.

The Molong to Orange transmission line is a current network limit and bottleneck in the Central NSW region (shown in
Figure 11) due to power flows from solar farms in the region and from the north (Central-West Orana region), as well
as consumption from the Cadia Mine and Orange residents and businesses. More generation from north and west of
Molong (including from CWO REZ) will worsen the constraintif not addressed though proposed network investments

for the CWO.
Figure 11: Map highlighting the current transmission limit between Molong and Orange
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The limit on power flow from Molong to Orange is listed as the second most ‘impactful’ constraint in the NEM in 2022
due to its curtailment of low cost renewable generation.10 This constraint leads to curtailment (generators not being
able to produce electricity) for Molong Solar Farm and Manildra Solar Farm with nearly half of the energy they are
producing not able to be sold to the wider grid for the past two years, reducing their revenue.

Transgrid is investigating potential solutions to this issue and is in the second of three stages of a regulatory
investment test for transmission (RIT-T).11 A RIT-T is a regulatory cost benefit analysis (CBA) process that ensures
that transmission investments consider a range of potential solutions and will provide net economic benefits for
customers. The current preferred option is the improvement of the Molong to Orange line’s rating through line
upgrades, which will improve curtailment outcomes for the local projects but not necessarily add spare capacity to
the network. These upgrades are expected to occur in 2025. The options that Transgrid are pursuing are guided by a
regulatory process, which limits the scope of the upgrades to the particular issue of the heavily constrained line. For
further network improvements and expansion, Transgrid would have to undergo studies under this same regulatory
framework to ensure that upgrades have net benefits for the customer.

USE can be driven by limits within the transmission and distribution system. This occurs at times where supplying that
electricity would cause the network infrastructure to exceed its technical limits and put it at risk of more widespread
and potentially cascading failures. While the Molong to Orange constraint is not directly causing USE, it causes the
local transmission network to operate at the edge of its secure limit, which introduces risk. Further consumption
growth at and west of Orange will continue to put pressure on this limit. Commentary on the distribution network is
outside of the scope of this Capacity Assessment.

10. AEMO, NEM Constraint Report 2022 summary data (2022).
11. Transgrid, Increasing capacity for generation in the Molong and Parkes area (2023).
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5 Central NSW Electricity Transmission Transgrid has identified future
Network Infrastructure limits and potential remedies

Future transmission network limitations
When considering future states of the transmission network it is important to note that:

e Additional transmission lines take a share of the power flow from the existing network (more lines for the same
power flow).

e Generatorswill contribute to power flow away from their connection point.
e Electricity consumption (including battery charging) will contribute to power flow towards their connection point.

Addressing the Molong to Orange constraint

If upgrades are applied to the Molong to Orange transmission line and the bottleneck is alleviated, there is the
potential for future transmission constraints to occur on the Wellington to Molong and Wellington to Orange lines.
These lines (and the Molong - Orange line) would experience higher power flows with the development of generation
projects around Wellington and the CWO REZ. However, the under-construction Flyers Creek Wind Farm will reduce
the net power flow on these lines, counteracting power flows from the north. This is because it is located nearer to
the Orange substation, on the ‘other side’ of the constraint. The upgrade of the lines south of Wellington, proposed
network augmentations at the CWO REZ, generation at or west of Orange or demand at Wellington (including battery
charging during daytime hours), are all factors that would help alleviate this future possible constraint.

Accommodating increased consumption in Parkes

Transgrid has identified that the local network would not be able to service the expected increase in consumption at
Parkes, including from the Special Activation Precinct (SAP), which would lead to USE at Parkes.12 Transgrid has
undertaken a RIT-T to identify options to address this future issue, with the preferred option being two network
support batteries at Parkes and Panorama Zone Substations (stage 1, 2026) and a second 132 kV line between
Parkes and Wellington (stage 2, 2031). These batteries can be operated to facilitate additional power flow on the
network surrounding them. While not the intention of the additional infrastructure, this additional line may provide
some renewable development opportunities, such as the Alectown Wind Farm that has had development paused due
partly to transmission limits. The new line would also reduce the impact of generators located west of Molong on the
constrained Molong to Orange line. The proposed line and Alectown Wind Farm are shown in Figure 12 below.
Transgrid has also flagged the potential for future upgrades on the Parkes to Forbes 132 kV transmission line.

Figure 12: Map showing the proposed Transgrid transmission line and nearby wind farms
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12. Transgrid, Maintaining Reliable Supply to the Bathurst, Orange and Parkes areas (2023).
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Developers will have to consider

5 Central NSW Electricity Transmission the risk of other projects near
Network Infrastructure them

Mt Piper to Wallerawang

Around the Mt Piper and Wallerawang substations there are several proposed storage projects as well as the existing
large Mt Piper coal power station. This is due to the strong 330 and 500 kV transmission network in this location,
which can handle higher power flows. While there are a number of proposed storage projects in this area (shownin
Figure 13 below), not all of them may eventuate due to competition risks from each other. Generation and charging
by storage projects contributes to power flows on the nearby network, and coincident operation by multiple large
projects can cause curtailment to limit these power flows. The Mt Piper to Wallerawang transmission lines (two 330
kV lines) have the potential to limit generation at or north of Mt Piper, with new generation from CWO REZ expected
to contribute to power flows on these lines. This may introduce some curtailment risk for new generators in this
location. As part of the CWO REZ network augmentation plans, there is a third proposed Mt Piper to Wallerawang 330
kV line that would double the capacity of this pathway (operating at N-1) and facilitate new generators north of
Wallerawang. The new CWO network has an expected timing of 2027.13

Figure 13: Map showing the transmission network surrounding Lithgow
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Increased consumption around the Panorama Zone Substation

Transgrid has identified that the expected introduction of consumption from the McPhillamy’s Gold Mine (currently
undertaking planning and approval processes) would cause USE, stemming from limits at the Panorama Zone
Substation near Bathurst.1* The current preferred option proposed by Transgrid is to develop a switching station
further west of Panorama Zone Substation that would provide a new connection point for the mine load by
2025/2026, avoiding more expensive upgrades at Panorama Zone Substation itself. The difference in connection
point between Panorama Zone Substation and the new switching station is not expected to have any implications for
capacity developmentin the region. With this increase in consumption from the proposed mine, and the existing
consumption at the Cadia Mine driving westerly power flow to Panorama Zone Substation from Wallerawang, the
development of large batteries at Panorama Zone Substation, like the 100 MW Panorama BESS, has the potential to
introduce limitations on the Wallerwang to Panorama transmission line due to its charging load. This could introduce
risk for future generation and storage projects around Bathurst on the 132 kV network and limit developments.
These potential limitations are not necessarily based on the particular connection point of the proposed mine, more
so that there would be increased need for power flow towards Bathurst.

Managing the risk of transmission constraints through distributed generation
Distributed generation, where generation assets are located close to the source of electricity consumption, can help
hedge against the risk of USE in the event of transmission line outages, with generators able to offset incoming power
flow to a location, essentially servicing demand locally.

13. AEMO Services, Draft Infrastructure Investment Objectives Report (2023).
14. Transgrid, Managing expected demand in the Panorama area (2022).
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6 NSW Generation Forecast Large amounts of wind and solar are
forecast to replace our coal fleet

The Integrated System Plan

For the emissions analysis component of the Business Case, a NSW electricity generation forecast is used to
determine the emissions intensity of energy sourced from the electricity grid. The use of a broader NSW generation
forecast to determine emissions for Central NSW is driven by the pooled nature of the electricity market. The source
of this generation forecastis AEMO’s ISP because it represents an industry-standard view on the rate of change to
renewable generation.1®

Since 2018, AEMO has provided an ISP report every two years with the main purpose of modelling and planning
transmission upgrades within the NEM to facilitate the transition from predominantly coal generation to renewable
generation. Transmission upgrades are expensive assets with long lead times that require coordination with each
other and the generation infrastructure to provide the most benefits to the end customers.

The ISP develops credible scenarios that contain different demand, capital costs and fuel costs (among other inputs)
to test the resilience of these transmission upgrades for an uncertain future. The scenario with the highest likelihood
(as determined by the electricity industry) in the most recent 2022 ISP is the “Step Change” scenario, which involves
a high pace of transition between existing thermal generators and renewables. The ISP optimises for the lowest cost
pathway, with coordinated transmission augmentations (such as Project EnergyConnect in south-west NSW) and
generation capacity developments. The transmission network and new projects themselves are primarily managed by
TNSPs.

The ISP reflects energy policies that have been set by state governments (for example the NSW Roadmap) as a
mechanism for the energy transition as well as forecasting cost-driven replacement generation capacity for coal-fired
power stations that are reaching end-of-life or are no longer financially viable. The inputs to the ISP are also widely
used in modelling, with forecasts for market components such as rooftop PV uptake and electric vehicle demand
included. AEMO’s 2022 ISP forecast for the generation mix in NSW is shown in Figure 14. The key trend in generation
is the phasing out of coal generation through the late 2020s and 2030s, with wind, solar and battery primarily
forming the replacement capacity. Electricity generation in NSW is forecast to more than double by 2050 due to
increased demand forecasts. As part of the ISP Step Change scenario, DER such as rooftop PV, co-ordinated DER
storage and distributed storage, are expected to grow out to 2050. Also note that pumped hydro is included in the
“utility-scale storage” category. This transition from coal to wind and solar as the primary generation sources
reduces the emissions intensity for the NSW grid (further explored in the emissions Analysis, refer to the Business
Case).

Figure 14: Forecast annual generation mix for NSW under AEMO’s 2022 ISP Step Change scenario
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15. AEMO, 2022 Integrated System Plan, (2022).
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7 Report Summary

Report summary

The NEM is a complicated, inter-connected system, and Central NSW has a role to play in its transformation from an
electricity system dominated by thermal generation to one powered by renewables. Central NSW currently hosts 390
MW of wind and solar, which is expected to grow with the Flyers Creek Wind Farm and Quorn Park Solar Farm in the
near term. Outside of these projects, there is strong interest in storage technologies located around Lithgow that are
hoping to utilise the strong network in this location. Due to the amount of the proposed generation and storage
capacity and the limited network capacity, it is unlikely that all of the currently proposed capacity can be constructed
without significant network upgrades.

The 500 kV network running north and south of Lithgow has the potential to host large wind projects due to strong
wind resource and network capacity, whereas the existing 132 kV in Central NSW has the potential for some smaller
renewable projects between Orange and Lithgow due to the ability to connect across multiple transmission lines.
Storage across the 132 kV network would help facilitate generation from existing and new solar projects.

The CWO REZ located north of the Central NSW region has significant renewables developer interest and support
from the legislated NSW Roadmap due to its strong network connections. Generation from the CWO REZ could
contribute to power flows on the transmission network in Central NSW, which can increase revenue risk for Central
NSW projects, particularly those on the 132 kV network as it is lower rated and sensitive to increased power flow.

The 132 kV network west of Orange has a current network limit in the Orange to Molong transmission line, which is
curtailing solar farms north and west of the line. Transgrid is investigating options to remedy this limit, with the
current preferred option being an upgrade to the line. This upgrade could alleviate the curtailmentissues for the
nearby solar farms and increase renewable generation in Central NSW. After this upgrade, the surrounding 132 kV
network may become a future limitation and would be subject to further regulatory investment studies.
Developments impacting the performance of these 132 kV lines include:

* The Cadia Mine and consumption at Orange exacerbating the problem by drawing power through the line.
e The under-construction Flyers Creek Wind Farm, helping alleviate the constraint once completed.
e Developments around Wellington, including CWO projects and network varying power flows on the line.

Transgrid has identified two future limitations in the transmission system based on forecasts for increased demand at
Parkes (including from the SAP) and the proposed McPhillamy’s Mine near Bathurst. These limitations are expected to
cause energy security issues at those locations if not addressed. Transgrid’s preferred option for Parkes consists of
two, two-hour network support batteries as stage 1 and a new 132 kV transmission line between Parkes and
Wellington as stage 2. This new transmission line may provide an opportunity for additional renewable projects north
of Parkes due to the additional transfer capacity. Transgrid’s preferred option (least net cost) consists of a new
switching station west of Bathurst, where the proposed McPhillamy’s Mine could connect. The new mine and the
existing Cadia Mine would draw power flow towards Orange and the large proposed PanoramaBESS at Panorama
Zone Substation would contribute significant power flow when charging, potentially leading to limitations on the
Wallerawang to Panoramaline. The particular connection point of the new mine is not expected to have implications
on capacity developmentin this area.

Several battery and pumped hydro storage projects have been proposed for the network around Lithgow as identified
in Figure 13. The network connecting the Mt Piper and Wallerawang substations has the potential to be a limitation
for generators at and north of Mt Piper. Developments in the CWO REZ are expected to contribute to power flows on
this network, though a third 330 kV line is part of the proposed CWO REZ network augmentations, which would
significantly increase transfer capacity.

The future generation mix for NSW is used in the emissions assessment for Central NSW due to the pooled nature of
the electricity market. This forecast shows wind and solar replacing coal generation throughout the 2020s and
2030s, with battery forecast to be the primary firming technology alongside coordinated DER in the long term.

In summary, the opportunities for increased large-scale NEM-connected generation capacity in the Central NSW
region are:

e For large renewable and storage (PHES and BESS) projects near the high voltage network in the Lithgow and
Oberon LGAs.
e For small renewable projects in the 132 kV network between Orange and Lithgow.
e For small storage projects on the 132 kV network throughout Central NSW to absorb solar generation, potentially
allowing for oversizing of/additional solar projects in the region.
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