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Copyright and Disclaimer

The purpose of this document is to provide information about ElectraNet's assessment
of the South Australian transmission system’s likely capacity to meet demand in South
Australia over the next 10 years. It also provides information about ElectraNet'’s intended
plans for augmentation of the transmission network. This document is not to be used by
any party for other purposes, such as making decisions to invest in further generation,
storage, transmission or distribution capacity. This document has been prepared using
information provided by, and reports prepared by, a number of third parties.

Anyone proposing to use the information in this document should independently verify
and check the accuracy, completeness, reliability and suitability of the information in this
document, and the reports and other information relied on by ElectraNet in preparing it.

This document contains certain predictions, estimates and statements that reflect
various assumptions concerning, amongst other things, economic growth scenarios,
demand forecasts and developments within the National Electricity Market. These
assumptions may or may not prove to be accurate. The document also contains
statements about ElectraNet’s future plans. Those plans may change from time to time
and should be confirmed with ElectraNet before any decision is made or action is taken
based on this document.

ElectraNet makes no representation or warranty as to the accuracy, reliability,
completeness or suitability for particular purposes of the information contained

within this document. ElectraNet and its 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 in so far as liability under any statute cannot be excluded.

Copyright in this material is owned by or licensed to ElectraNet. Permission to publish,
modify, commercialise or alter this material must be sought directly from ElectraNet.

Reasonable endeavours have been used to ensure that the information contained in
this report is accurate at the time of writing. However, ElectraNet gives no warranty and
accepts no liability for any loss or damage incurred in reliance on this information.
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About ElectraNet

ElectraNet powers people’s lives by delivering safe,
affordable, and reliable solutions to power homes,
businesses, and the economy.

As South Australia’s principal electricity Transmission Network Service Provider
(TNSP), we are a critical part of the electricity supply chain. We own and manage

the high-voltage transmission lines and substations that connect this State’s
electricity customers, including those connected to SA Power Networks’
lower-voltage distribution network, to generation sources both locally and interstate.

We also provide connection and other services to customers and generators
wanting to connect to the high-voltage electricity transmission network.

Role of
ElectraNet in
the electricity
supply chain

Generation

=
el

Renewables

Transmission

Distribution

Retail

$EB

Consumers

Residential

N, Embedded generators are

Gas

Electricity is
generated from
traditional and

renewable energy
sources such as
wind, solar and gas.

/7 becoming a large generator
in their own right

Electricity enters
ElectraNet’s network where
it is converted to higher
voltages, for efficient
long-distance transport to
cities and towns around
South Australia.

The voltage is then lowered
S0 it can enter the
distribution network or be
supplied directly to some
large industrial customers.

The distribution
network, operated in
South Australia by
SA Power Networks,
transports low-voltage
electricity to residential
and commercial
customers.
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Retailers are the
primary point of
contact for residential
and commercial
customers.
They coordinate
connections and
manage billing and
payments.
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The traditional flow of
electricity supply is
changing. Over one in
three South Australian
homes now combines the
electricity they draw from
the network with power
generated by rooftop
solar panels, and also
contributes surplus
electricity back to the
network.

Purpose of the Transmission Annual Planning Report

Each year, ElectraNet reviews the
capability of South Australia’s electricity
transmission network and regulated
connection points to ensure they are
adequate to meet the ongoing demand for
electricity transmission services, forecast
under a variety of operating scenarios.

ElectraNet undertakes joint planning with SA Power
Networks, which is responsible for the low voltage
distribution of electricity throughout South Australia, to
complete the review. We also consider the findings of
AEMO’s Integrated System Plan and the outcomes of joint
planning with Powerlink in Queensland, TransGrid in New
South Wales, AusNet Services in Victoria, and the Australian
Energy Market Operator (AEMO) in its roles as Victorian
Transmission Planner and National Transmission Planner
(Appendix B).

This report presents the outcomes of the annual planning
review and forecasts to help you understand the current
capacity

of the transmission network and how we think this may
change in the future. The report covers a 10-year planning
period (1 November 2021 to 31 October 2031) and identifies
potential network capability limitations and possible solution
options.

We are committed to ongoing
improvement of the Transmission
Annual Planning Report, and

its value to our customers and
industry stakeholders.

The report provides information on:

e trends and directions for the future of the electricity
transmission system (Chapter 1)

e national transmission planning (Chapter 2)

e demand forecast for the next 10-year period
(Chapter 3)

e system capability and performance (Chapter 4)

e connection and demand management
opportunities (Chapter 5)

e recently completed, committed, and planned
projects (Chapter 6)

e transmission system development plans
(Chapter 7).

The report does not identify a single specific future
development plan for the South Australian transmission
system. Rather it is intended to form part of an ongoing
consultation process to ensure the efficient and economical
development of the transmission network to meet forecast
electricity demand and support the transition to renewable
energy sources over the planning period. Decisions by
ElectraNet to invest in the South Australian transmission
system are subject to further detailed investigation and
economic assessment that will be undertaken closer to the
time the investments are needed.

We invite feedback on any aspect of this report. Your
feedback will help us to serve you better and ensure we
can provide reliable electricity transmission services that
contribute to an affordable electricity supply to customers.

Comments and suggestions can be directed to:
DX consultation@electranet.com.au

[ +6188404 7966
@ www.electranet.com.au



Executive Summary

South Australia remains at the forefront
of changes sweeping electricity systems
worldwide.

Renewable electricity sources such as solar, wind, and
batteries, and small-scale renewables in homes and
businesses, are displacing thermal generation such as
gas. Collectively, they are the largest generator in South
Australia. As Australia moves to reduce greenhouse gas
emissions, their role will only continue to increase.

This is creating greater variability in electricity generation
and demand, and is pushing the power system beyond its
technical limits. This presents new challenges to reliability,
affordability, and system security.

We have an increasing role to play in addressing these
challenges. While the grid was once used to ‘deliver’
electricity from large remote generators to customers, it is
increasingly being used to move electricity back and forth
between regions and local areas, and to provide essential
system services that were once provided by thermal
generators.

We have installed four synchronous condensers to supply
essential system services that are being lost as conventional
generators operate less and ultimately retire and are
implementing special protection schemes to protect the
power system from disturbances in an increasingly complex
operating environment.

With the ever-increasing penetration of variable renewable
generators, we will be called on to provide even more of
these services in the future.

We are also implementing the South Australian component
of the new electricity interconnector between South
Australia and New South Wales (Project EnergyConnect) to
support the transformation of the power system and drive
down energy costs.

While these strategic investments, identified as priorities

by the Australian Energy Market Operator (AEMO) in its
Integrated System Plan, will add to the cost of transmission
services, they will deliver much greater benefits to
customers through overall savings in their electricity bills.

While transmission is a small part of the overall cost of
electricity, typically less than 10 per cent, the network will
continue to play a key role in the safe and reliable supply of
electricity and in supporting the ongoing transformation of
the power system.

Our annual planning process focuses on ensuring system
security and reliability and seeks to forecast network
limitations and opportunities, and ensure plans are in place
to address them in a timely and efficient manner.

Our network planning considers a range of potential
future scenarios and developments, including supply-
side developments that would be needed to meet the
South Australian government’s aspirational target of 100%
renewable generation in South Australia by the 2030s.
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We also look further ahead and assess potential major
developments over a 20-year period as we consider
AEMO’s Integrated System Plan (ISP).

Over the next five to ten years, our planning indicates that
capital investment in the transmission network will be
dominated by the need for prioritised asset replacement
and refurbishment for a range of assets on South Australia’s
electricity transmission network.

Capital investment is also needed to address the challenges
emerging from the increasing penetration of distributed
energy resources. This includes additional reactive

support at various locations to maintain an adequate
reserve of dynamic reactive power capability at times

of low or negative net system demand, maximising the
availability of dynamic reactive power devices to respond

to system disturbances. We also propose to expand a

Wide Area Monitoring Scheme to enable early detection of
performance issues on the system.

A range of other needs are expected to emerge over the
planning horizon that could arise earlier. These include
potential needs to:

e address any new obligations to provide system strength
or other system services,

e unlock Renewable Energy Zone (REZ) capacity to
enable continuing supply side changes (AEMO’s 2020
ISP indicates that capital investment to unlock South
Australian REZs is likely to be needed in the 2030s, but
our planning indicates that it could be required sooner if
new generators connect earlier than currently forecast)

e facilitate the connection of new large loads such as
mines or hydrogen hubs

e enable the growth of distributed demand such as could
occur due to appliance electrification or a widespread
uptake of EVs

e further increase interconnector transfer capability
and/ or provide other balancing services to maintain
a secure system during times when generation from
distributed energy resources exceeds total demand.

We propose to manage the potential risk of these needs
emerging earlier than currently forecast with contingent
projects that can be triggered if necessary to enable us to
respond appropriately.

Connection of renewable energy generation continued
during 2020-21 and based on active connection enquiries
and applications we expect that the amount of South
Australian generation coming from renewable sources

will continue to increase. This current and anticipated
connection activity aligns most closely with the results of
AEMO’s “Step Change” scenario of NEM-wide generation
expansion from the 2020 Integrated System Plan.

Our response to the current challenges facing South
Australia’s changing electricity system includes:

participating in the ongoing national conversation
about energy transformation and engaging in joint
planning with AEMO, other TNSPs and SA Power
Networks to develop plans to support the changing
needs of customers and the power system

building Project EnergyConnect, a new
interconnector between South Australia and

New South Wales to deliver economic benefits to
customers by better sharing of energy resources
across the National Electricity Market (NEM)

the completed installation of four large synchronous
condensers, raising the existing cap on the dispatch
of non-synchronous generation, and assisting in
delivering adequate levels of system strength and
system inertia for South Australia’s power system

building Eyre Peninsula Link, a new double-circuit
transmission line that will improve reliability for
customers on Eyre Peninsula

planning to install additional reactive support at
various locations for transmission network voltage
control and to address an emerging need to
maintain an appropriate reserve of dynamic reactive
power capability at times of low or negative net
system demand

investigating potential challenges and solutions to
meet the future needs of South Australia’s electricity
customers.

This South Australian Transmission Annual Planning
Report summarises the latest outcomes of our planning
process. Together with our supporting datasets and
online interactive map (available here) it provides
information on the current capacity, connection
opportunities, and emerging limitations of South
Australia’s electricity transmission network.

It covers a ten-year planning period and describes

the current network, historical performance, demand
projections, emerging network limitations or constraints,
and information on completed, committed, pending and
proposed transmission network developments.

This report is designed to inform stakeholders and help
potential generators and users of electricity to identify
and assess opportunities in the South Australian region
of the NEM.

We're enabling the
development of Australia's
future electricity system

D)

Ongoing national
conversation
about energy

transformation

Completed
installation of four
large synchronous

condensers

Planning to
install additional
reactive support

Building

Project

EnergyConnect

Building
Eyre Peninsula Link

00

Meeting the
future needs of
South Australia’s
electricity
customers
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2021
Highlights

-Q)— Project EnergyConnect

Final regulatory funding approvals for the
construction of Project EnergyConnect in South
Australia and New South Wales were obtained from
the AER in June 2021.

Project EnergyConnect involves the construction
of a new 330 kV interconnector from Robertstown
in South Australia to Wagga Wagga in New South
Wales. Transfer capacity will be up to about

800 MW.

Implementation of Project EnergyConnect will

also increase the maximum amount that can be
transferred across the Heywood interconnector to a
transfer capacity of up to about 750 MW.

Once fully delivered, the full combined transfer
limit across both the Heywood and Project
EnergyConnect interconnectors will be 1,300 MW
into South Australia and 1,450 MW export.

In January 2020, the AER published a RIT-T
determination including that Project EnergyConnect
remained the most “credible option that maximises
the net economic benefit” in the NEM, ultimately
benefitting electricity consumers. AEMQO’s 2020

ISP identifies Project EnergyConnect as part of the
optimal development path for the NEM.

Project EnergyConnect will support
Australia’s growing renewable energy
industry, with new wind and solar projects
planned for South Australia, New South
Wales and Victoria expected to benefit from
the new interconnector.

In South Australia, Project EnergyConnect’s
Environment Impact Statement is currently
undergoing assessment by the South Australian
Government’s Planning and Land Use Services.
Subject to receiving all necessary environmental
approvals, construction is anticipated to start later
this year with commissioning planned to commence
in 2023.
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Eyre Peninsula Link

Construction of Eyre Peninsula Link started in mid-
2021. This project will replace the existing 132 kV lines
between Cultana and Port Lincoln with a new double-
circuit line between Cultana and Yadnarie that is initially
energised at 132 kV, but which has the option to be
energised at 275 kV if required in the future, and with a
new double-circuit 132 kV line between Yadnarie and
Port Lincoln. We plan to energise Eyre Peninsula Link
by the end of 2022.

e/éé Market benefit opportunities

Our plan includes a range of projects that will reduce
the impact of existing and forecast network constraints,
delivering net market benefits. This includes projects
that form ElectraNet’s 2018-19 to 2022-23 Network
Capability Incentive Parameter Action Plan (NCIPAP),
as well as new proposed projects to relieve constraints
in our 2023-24 to 2027-28 NCIPAP.

Control schemes

With the rapid evolution of the power system, we
expect that the need for emergency control schemes to
manage both credible and non-credible system events
will continue to grow.

We are collaborating with AEMO to augment the
existing System Integrity Protection Scheme (SIPS)

to a more sophisticated Wide Area Protection

Scheme (WAPS). The final scheme is expected to be
commissioned by October 2022. As part of Project
EnergyConnect, a Special Protection Scheme will be
implemented to cater for the non-credible loss of either
Project EnergyConnect or Heywood interconnector.
The WAPS will also be reviewed when Project
EnergyConnect is implemented.

The 2020 PSFRR identified risks relating to the non-
credible separation of South Australia under conditions
during which distributed PV generation reduces

the net load on Under Frequency Load Shedding
(UFLS) circuits, reducing the amount of load that is
shed when the UFLS activates, thereby reducing the
effectiveness of the scheme. The PSFRR indicated that
AEMO intends to seek Reliability Panel declaration of

a protected event for non-credible separation of South
Australia at certain times, allowing action to be taken
whenever the non-credible separation could lead to

an under-frequency event that has a material risk of
resulting in cascading failure, including stakeholder
suggestions for additional options that should be
considered for management of the proposed protected
event.

We are engaging with AEMO on work for the 2022
PSFRR. From 2023, the PSFRR will be replaced with a
broader General Power System Risk Review (GPSRR).
We are assessing the impact that this will have on our
planning processes.

% System security and power quality

We have installed synchronous condensers at Davenport and Robertstown in 2021. The installation of these synchronous
condensers addressed the system strength and synchronous inertia needs that AEMO identified in 2018 for South
Australia. They also contribute to the ongoing provision of adequate voltage control in the Mid-North and Upper North of
the South Australian transmission system including at times of low demand.

Commissioning of the synchronous condensers has allowed the amount of non-synchronous generation that can be
dispatched at times of minimum conventional generation in South Australia to be increased from 2,000 MW to 2,500 MW
as well as significantly alleviating voltage limits in the Mid North.

AEMO has published the 2020 inertia requirements in South Australia, replacing the 2018 inertia requirements. AEMO has
determined the secure operating level of inertia for South Australia, proposing sufficient fast frequency response (FFR) be
made available to address the declared inertia shortfall. We have initiated the procurement process and are engaging with
the market for the provision of FFR services.

We have identified an emerging need to reduce the system’s reliance on dynamic reactive power devices to satisfactorily
manage steady-state voltage levels at times of low system demand. The proposed solution is to install a suite of

50-60 Mvar 275 kV reactors at various locations, to maintain an appropriate reserve of dynamic reactive power capability
at times of low or negative net system demand.

The changing nature of the power system has impacted overall power quality performance. Ongoing monitoring and
supporting studies indicate that mitigation actions may be required at up to four key locations to rectify power quality
performance to within compliance limits. This is required to ensure appropriate levels of power quality performance for all

network connected customers (load and generation).

Network asset retirements

South Australia’s transmission network is older than
many others. Our replacement and refurbishment plans
are based on our assessment of the condition, risk

and performance of the relevant assets. We assess

the condition of the various components of each
transmission line and substation asset on an ongoing
basis through routine inspections and patrols.

This information is used to assess how much longer the
component can be expected to keep functioning before
it fails. In doing this, we consider other information such
as failure rates observed elsewhere and environmental
conditions surrounding the assets.

Based on our assessment of asset condition, risk,
cost and performance, we plan to address emerging
condition needs for a range of assets on South
Australia’s electricity transmission network during the
planning period.

Our major line refurbishment projects and substation
asset replacement projects focus on the key
components of these assets on the network.

The South Australian transmission system continues
to have capacity to connect new load, generators,
and storage. Generation output may at times be
limited by system constraints, particularly at times of
very low system demand and at times of coincident
high generation output of wind and solar farms.

We are aware of significant interest in new generator
and load developments, especially in the Mid

North, Eyre Peninsula and Riverland regions. We
are investigating opportunities to increase transfer
capability through the Mid North to allow increased
power transfers between these regions and South
Australia’s load centre in metropolitan Adelaide.

Similarly, we are also investigating ways to further
increase the transfer capability between the South
East region and the Adelaide metropolitan area, to
address potential future interest in the South East as
indicated in AEMO’s 2020 ISP.
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ﬂ Energy
Transformation is

Accelerating

1.1 South Australia’s electricity system is breaking new ground

South Australia remains at the forefront of changes sweeping electricity systems
worldwide, with world-leading levels of intermittent renewable energy relative to demand.

Renewable energy sources such as wind, solar, and batteries, and small-scale renewables in homes and businesses, continue
to displace thermal generation such as gas. Renewable energy generation is forecast to continue to grow (see figure below),
with energy from renewable sources estimated to have supplied about 62% of South Australian electricity demand and
generation in 2020-21.

Contributions from South Australian renewable energy generation are forecast to continue to grow

3,000

Il Coal

] .

B Gas, Diesel

[l Other non-scheduled generation
2,000 Battery

B wind
1,500 Solar

PV non-scheduled generation

B PP
1,000

[l Rooftop PV

Total electricity requirement
500 (underlying demand, auxiliary
. energy use and system losses)
m I N

201516 2016-17 201718 2018-19 201920 2020-21 2029-30 2029-30
Central  Hydrogren
Scenario  Scenario

Source: Historical figures up to and including 2019-20 are from the Australian Energy Market Operator’s (AEMO’s) 2020 South Australian Electricity Report, with the
remaining data from AEMQ’s April 2021 South Australian Generation Forecasts. Figures for 2020-21 represent a mix of AEMO'’s earlier forecasts and ElectraNet estimates.

Note: The balance between total South Australian generation and electricity demand is made up by net imports or exports across the interconnectors between South
Australia and Victoria. Since 2017-18, South Australian electricity exports have slightly exceeded imports.

South Australians have adopted rooftop solar generation faster than anywhere else in the world. Recently, the output of
those rooftop systems has exceeded demand in their local area during the day. When this happens, the excess electricity is
transported away from the local area to be used by customers elsewhere. This is done using the transmission system. Hence
rooftop solar has recently become reliant on the transmission system to export its output.

While it once seemed unlikely that the output of solar systems would exceed local demand, it is an increasingly common
experience - we have recorded 'reverse power flows' at more than half of the connection points between our network and
SA Power Networks' distribution network.

At the state-wide level, total South Australian demand was completely supplied by South Australian solar generation for

the first time on 11 October 2020. This is expected to occur more frequently in the future, with the transmission minimum
demand in South Australia forecast to reach zero by 2023, meaning that all demand in the State will be met by distribution
connected generators (predominantly rooftop solar PV). Under such conditions, South Australia will be almost entirely reliant
on interconnection with the eastern states to balance supply and demand.

Based on the number of active generator connection enquiries and applications we expect that generation from South
Australian renewable sources is likely to continue to increase.

These anticipated new connections typically exceed the results of NEM-wide modelling, such has been undertaken by
ElectraNet to support the assessment of Regulatory Investment Tests for Transmission (RIT-Ts). This level of interest seems to
align with, or may even exceed, the 2020 Integrated System Plan’s (ISP’s) Step Change scenario.

If new generators continue to connect earlier than previously indicated by generation expansion modelling, plans to strengthen
parts of the electricity transmission system may need to be accelerated. At ElectraNet, we are developing plans to enable us
to respond in a timely way if this occurs.
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1.1.1 Implications of the power system transition

The continued connection of intermittent renewable generation is creating greater variability in electricity generation and
demand and is pushing the power system beyond its technical limits. This presents new challenges to reliability, affordability
and system security.

ElectraNet has an increasing role to play in addressing these challenges. While the grid was once used to “deliver” electricity
from large remote generators to customers, it is increasingly being used to move electricity back and forth between regions
and local areas and to provide essential system services that were once provided by thermal generators.

In 2021 we have installed four synchronous condensers to supply essential system services that are being lost as conventional
generators retire and are implementing special protection schemes to protect the power system from disturbances in an
increasingly complex operating environment.

With the ever-increasing penetration of intermittent inverter-based generators, we will be called on to provide even more of
these services in the future.

Our annual planning process focuses on ensuring system security and reliability of supply. Based on projections of future
changes in electricity supply and demand, we seek to forecast limitations and opportunities and ensure plans are in place to
address them in a timely and efficient manner.

The evolving role of electricity transmission

Energy Sse

System Strength

FCAS and Inertia

Transmission Transmission

FCAS - Frequency Control Ancillary Services
FFR - Fast Frequency Response
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1.2 Network Vision, future directions and priorities
We monitor emerging industry trends and technological developments and undertake scenario-based modelling, network
planning and assessment of emerging system security issues to inform our ongoing decision making.

We also engage with customer representatives and other stakeholders to ensure we understand their concerns, needs,
priorities and points of view to enhance our ability to plan and develop the transmission network so it delivers the greatest
possible value.

Earlier this year we refreshed our Network Vision in consultation with customer representatives and stakeholders. The Network
Vision provides directions and key priorities to guide the practical ways we plan for the future of the network, based around
four themes.!

South Australia's electricity transmission network will support customer choice
and deliver affordable and reliable power supplies for a sustainable future.

THEME 1 THEME 2

The network will continue The ongoing uptake of distributed
to provide an important energy resources by customers is
role into the future changing the role of the network

WV

~ - “
Q@O@ 9—8
Electric Vehicles

Rooftop PV 100/
(4]

Maximum Demand 3,700 MW Electric Vehicles to

consume 1,400GWh of

t 1 58 MW Rooftop PV to exceed energy by 2030 adding
3,700 MW by 2030.

more than 10% to demand.

THEME 4
THEME 3 New technologies are

creating opportunities to
change the way network
services can be delivered

is forecast to increase by
158 MW to 3,475 MW by 2030.

The generation mix is
changing creating ongoing
challenges for the operation

Grid Scale
Renewables Storage Virtual Power Plants
1002 by 2030 600 vw 420 mw
Renewables displacing Grid scale storage to Virtual power plants to reach
fossil fuels with net 100% reach 600 MW by 2030. 420 MW by 2030.

renewables targeted by 2030.

Source: AEMO Integrated System Plan, Step Change Scenario, 2020.
1 Our 2021 Network Vision is available at https://www.electranet.com.au/what-we-do/network/vision-for-our-network/.
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THEME 1

The network will continue to provide an important role

into the future

The transmission network will play an increasingly important role in the ongoing

transformation of the electricity supply system.

Forecasts over the next ten years point to maximum demand remaining broadly
the same. ElectraNet will need to maintain the network’s capability to transmit

power.

AEMO’s ISP highlights the expected retirement of coal generators (this has already
happened in South Australia) and their replacement with intermittent generation

sources and large-scale storage. It also highlights a greater role for transmission
as electricity supply becomes more spread out.

Directions

Affordable electricity remains
important to customers

Customers and stakeholders want
ongoing and genuine engagement

The transmission grid will continue
to be needed to support economic
growth and the transition to a low-
carbon future

New generation investment and
supporting transmission investment
is already occurring much faster
than forecast

Maximum demand on the grid is not
expected to grow, so augmentation
investment is expected to be minimal

Network utilisation will continue to
fall, placing ongoing pressure on unit
prices

The age and condition of network
assets will be an increasing
challenge to manage efficiently

Evolving market and regulatory
frameworks are increasing the role
of transmission

New generation and demand
technologies are changing the
way the grid responds to system
disturbances.

Priorities

Deliver cost effective solutions for
customers, using scenario-based
approaches that consider uncertainty and
value flexibility for future decision making

Manage any major and uncertain
transmission network investment
requirements (e.g. mining loads,
renewable energy zones, future system
security challenges) as contingent
projects within the regulatory framework

Show leadership in helping to continue to
drive down the delivered price of energy

Build trust through ongoing genuine
engagement with customers and their
representatives and other stakeholders

Focus on prolonging asset life and
deferring major asset replacement
wherever it is efficient to do so while
maintaining reliability

Maintain network reliability as safely and
efficiently as possible through a risk-
based Reliability Centred Maintenance
approach.
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Strategic initiatives, investigations
and importance

Engage with and support AEMO’s ongoing
development of the Integrated System Plan
(ISP)

We are considering a range of potential
contingent projects for inclusion in our
2023-24 to 2027-28 revenue proposal
(Appendix E)

Implement Project EnergyConnect to enable
efficient sharing of electricity resources
between South Australia and New South
Wales (section 7.3)

We published our Preliminary Revenue
Proposal for 2023-24 to 2027-28 in July
2021, for wide consultation and feedback

Asset replacement, refurbishment and
maintenance needs are determined in
accordance with our Strategic Asset
Management Plan (Appendix C)

THEME 2

The ongoing uptake of distributed energy resources
by customers is changing the role of the network

The transmission network will play an increasingly important role in the ongoing
transformation of the electricity The uptake of distributed energy resources in

South Australia continues at world leading levels.

South Australia has around 1,600 MW of solar PV connections as of May

2021 and its first day of zero grid demand is forecast for as early as 2023, with
increasing need for the transmission system to support residential customers
trading power across the NEM. Electrification of transportation is introducing

T

large mobile loads to the grid which may appear as mobile Virtual Power Plants.

Directions

Demand side participation will play
a growing role in the market

Further significant installation of
rooftop solar PV capacity will lead to
periods of zero grid level demand as
soon as 2023

Small scale energy storage along
with advances in data analytics and
control will see Virtual Power Plants
play an increasing role

The impact of electric vehicles

is expected to be modest over

the next ten years, but this could
change. With the right incentives,
electric vehicle uptake could lead to
meaningful levels of distributed and
mobile energy storages relatively
quickly

It will continue to be challenging

to forecast technology uptake, so
scenario planning will be important
to consider a range of possible
futures

Managing the impact of distributed
energy resources on the secure
operation of the power system will
be a growing challenge.

Priorities

Actively monitor and respond to trends,
and expectations to ensure the grid is
ready to meet the needs of customers as
distributed energy technology is adopted

Plan for the impacts of customer
technologies to maintain safe, reliable,
and secure supply under a range of
reasonably foreseeable demand and
supply conditions

Actively engage with DER providers to
understand capabilities and improve
forecasts of uptake

Develop a wide area monitoring
system to maintain adequate
operation, modelling and control of the
changing power system during system
disturbances

Increase engagement with SA Power
Networks to improve alignment and
early identification of emerging network
issues.

Strategic initiatives, investigations
and importance

Continue to liaise with AEMO and SA Power
Networks to forecast evolving trends in
customer demand and technologies (e.g.
rooftop solar PV, household batteries, electric
vehicles, hydrogen production, chapter 3)

Explore the challenges of the increasing
penetration of distributed energy resources,
including intermittency/rapid changes,
controllability, operation during system events
and overall system stability

Consider a range of scenarios in our planning
and explore generation mix, network
developments and technologies to support
100% renewables in SA

Develop plans to efficiently accommodate
anticipated supply-side changes in an agile
manner (section 7.5)

This will help to ensure that identified needs
can be addressed at the lowest overall
electricity market cost (section 5.6)

Enhance high resolution time synchronised
wide area system monitoring by pursuing a
rollout of the Wide Area Monitoring Scheme
(WAMS, section 7.3)

We have enhanced collaboration by
establishing an executive working group to
facilitate alignment across the businesses’
respective strategies (section B1.6)
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THEME 3

The generation mix is changing, creating new challenges
for the resilient, secure and reliable operation of the grid

The South Australian power system is changing, with the ongoing withdrawal
of traditional synchronous generation sources and continuing investment in
renewable wind and solar energy sources and storage. This has led to our
investment in synchronous condensers to provide system strength and inertia
services and the connection of multiple grid scale batteries.

As the grid continues to evolve with less conventional generation and declining I_ é

midday demand as well as other changes, operational challenges will increase
the need for system security services and new control schemes to manage the 1
secure operation of the power system.

Strategic initiatives, investigations

Directions Priorities .
and importance

The ongoing withdrawal of Develop efficient solutions to maintain
conventional generators and their a secure and reliable network with less
replacement by intermittent supply conventional generation

sources will place greater reliance
on dispatchable generators/ loads,
storage and interconnectors

Investigate whether forecast potential
changes in generator dispatch may give
rise to a need for further system strength or
frequency control needs

Deliver Project EnergyConnect to help
drive down prices, increase renewable

We plan for transfer capability across
Project EnergyConnect to be progressively
released from the end of 2023 (section 7.3)

With the changing supply mix the
operation of the power system generation exports and reduce the

is becoming more complex and risk of state-wide outages after rare
challenging interconnector separation events

The South Australian power system
is increasingly vulnerable to the
risk of islanding through the loss of

Monitor and adopt new technology
to maintain secure and reliable power

Enhance the existing System Integrity
Protection Scheme to make it a Wide Area

interconnection supply at lowest whole-of-system cost to Protection Scheme, and consider potential
customers, including the expansion and opportunities and benefits of further
The risk and potential consequences review of protection and control schemes enhancing the proposed WAPS (section 7.3)

of state-wide outages after
interconnector separation events is
very small, but increasing

Perform a strategic review and replacement
of protection schemes (section 7.9)

The transmission network needs to Undertake targeted investments to Implement targeted projects to improve
support the integration of extremely maintain expected levels of power quality local power quality (section 7.4)

high and growing levels of renewable

generation to help maintain secure

and reliable electricity supply
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THEME 4

New technologies are creating opportunities to
change the way network services can be delivered

Rapidly changing technologies are creating both challenges and
opportunities for the delivery of transmission services and the evolution

of the electricity supply system.

This potentially opens new options to provide network services at lower
cost and unlock more capacity to connect new generation and support

the transition to a low carbon future.

Directions

The technology and framework for
the delivery of essential system
services continues to evolve, and
transmission is expected to play
an increasing role in the delivery of
these services

Distributed and grid scale storage
technology is likely to become
economic in the short term, offering
a new potential option to efficiently
deliver network and ancillary
services

Ongoing advances in information
technology and network control
systems provide access to a wealth
of 'big data' to inform network
decision making

Technology uptake is advancing at
the fastest rate in human history,
with customers adopting new
technologies at world leading rates

Market frameworks will continue
to develop and adapt to meet the
challenges of an evolving energy
supply system

Priorities

Improve visibility of the behaviour of the
grid to ensure the network continues to
operate in a safe and efficient manner

Investigate the potential to alleviate
existing network limits with the
integration of very fast-acting
technologies such as grid scale energy
storage into the grid

Engage with emerging services
providers ahead of the identification
of needs to maximise a involvement in
option analysis

Adopt best-practice data analytics
to improve decision making in asset
management and network operation

Explore more efficient and transparent
pricing arrangements to reflect asset
use, provide clarity and certainty

Efficiently deliver new transmission
services needed for the safe and reliable
operation of the grid such as system
strength and inertia
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Strategic initiatives, investigations
and importance

Enhance high resolution time synchronised
wide area system monitoring by pursuing a
rollout of the Wide Area Monitoring Scheme
(WAMS, section 7.3)

Consider further opportunities for the
implementation of innovative technologies,
e.g. SmartWires (section 7.6)

This will help to ensure that identified needs
can be addressed at the lowest overall
electricity market cost

Obtain ISO55001 accreditation

This would encourage improved utilisation of
the transmission system and enable better
alignment of supply and demand

Consider the application of batteries to
provide FFR

Consider opportunities for future batteries to
operate as virtual synchronous generators
and provide network support to enhance
network transfer capacity



1.3 How are our key priorities helping us
prepare for the future?

Driven by our strategic themes, directions and
priorities, we are pursuing important initiatives
and investigations to support South Australia’s
ongoing energy transformation.

1.3.1 Interconnection

ElectraNet and TransGrid are partnering to deliver Project
EnergyConnect. Project EnergyConnect will involve the
construction of a new 330 kV above ground transmission
line, with approximately 800 MW transfer capacity. Project
EnergyConnect will connect South Australia and New South
Wales, with an added connection to north west Victoria.

Project EnergyConnect forms a central feature of the
roadmap for the transition of the power system developed
by the Australian Energy Market Operator (AEMO) in its
2020 Integrated System Plan (ISP). The ISP classifies
Project EnergyConnect as an 'actionable ISP project' which
will deliver net market benefits and support energy market
transition.

In June 2021, the AER approved Contingent Project
Applications from ElectraNet and TransGrid to provide
funding for each business to undertake their portion of the
works to create Project EnergyConnect.

Project EnergyConnect is expected to deliver a range

of direct benefits for consumers in South Australia, New
South Wales and Victoria including lower power prices,
improved energy security and increased economic activity.
The broad route passes through renewable energy zones
in South Australia, New South Wales and Victoria, meaning
that future renewable projects in these areas will be able to

connect to the grid and supply new energy into the network.

We continue to investigate potential opportunities to further
improve interconnection transfer capability (section 7.3).

1.3.2 Managing asset condition

South Australia’s transmission system is older than many
others. Our replacement and refurbishment plans are based
on assessment of the condition, risk and performance of
the relevant assets (Appendix C). We assess the condition
of the various components of each transmission line and
substation asset on an ongoing basis through routine
inspections and patrols.

This information is used to assess how much longer the
component can be expected to keep functioning before
it fails. In doing this we consider other information such
as failure rates observed elsewhere and environmental
conditions surrounding the asset — for example exposure
to salt spray from proximity to a coastline.
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We then translate this information into a targeted plan to
replace and refurbish individual assets before they fail, thus
preventing supply interruptions, safety hazards and other
risks. These decisions are taken on a risk basis. Rather than
replace whole substations, this allows us to focus on those
assets at greatest risk.

Consequently, our major line refurbishment projects and
substation asset replacement projects focus on the key
components of these assets on the network (sections 7.7
and 7.9).

1.3.3 Planning to efficiently accommodate
potential supply-side changes

Based on projections in AEMO’s 2020 ISP, significant
investment in renewable generation within South Australia
is expected in the 2030s.

Some significant South Australian dispatchable generation
units, such as at Torrens Island A, have been recently
retired, and owners of some generation units such as at
New Osborne and Torrens Island B unit 1 have indicated
that generation withdrawal will occur in the early 2020s.
Many dispatchable conventional generators currently have
expected withdrawal dates in the mid-2030s.

We continue to investigate options to unlock the network
capacity that will be needed to facilitate the connection

of the new renewable generation and the retirement of
dispatchable conventional generation. We have developed
high level scopes for projects that would increase transfer
capacity through the Mid North, Eastern Hills and South
East regions, improving the ability for generation in those
regions to reach our main load centre in metropolitan
Adelaide, or be exported via interconnection to other states.

Based on the number of active enquiries and applications,
we expect that the amount of South Australian generation
coming from renewable sources is likely to continue
increasing throughout the 2020s and 2030s. These
anticipated connections contrast with the results of NEM-
wide generation expansion economic modelling which
indicates minimal new connections in South Australia until
at least then late 2020s and may even exceed the level

of interest indicated in AEMO’s 2020 ISP step change
scenario.

If new generators do connect more quickly than currently
indicated by generation expansion modelling, plans to
strengthen parts of the electricity transmission system may
need to be accelerated.

We are working on plans that will enable us to respond in a
timely way if the projected new developments occur earlier
than currently forecast.
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1.3.4 System strength and inertia

Given that South Australia has become a world leader

in intermittent renewable energy generation penetration
levels, traditional synchronous generation sources, such as
gas-fired units, now operate less often. This has created an
operational challenge to provide ongoing adequate levels of
system strength.

We have now installed high-inertia synchronous condensers
at Davenport and Robertstown to address system

strength and synchronous inertia requirements that were
determined by AEMO in October 2017 and December 2018,
respectively.

AEMO published 2020 inertia requirements for South
Australia, replacing the 2018 inertia requirements. AEMO
has determined the secure operating level of inertia for
South Australia proposing FFR be made available to
address the declared inertia shortfall. We have initiated the
procurement process and have engaged with the market for
the provision of FFR services.
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In October 2021 the AER finalised a new rule that will evolve
current system strength framework. The rule introduces a
system planning standard for system strength to support
the connection of inverter based resources as forecast by
AEMO.

The new rule also introduces new access standards

for generators and market network service providers

and certain loads, including large controllable loads like
hydrogen electrolysers. The access standards provide
minimum standards relating to short circuit ratio and voltage
phase shift angles and provide for the maximum amount of
system strength that these connecting parties can demand
from the system. This will help to ensure that system
strength is used efficiently which reduces overall demand
and minimise the costs associated with its supply.

1.3.5 Challenges of increasing penetration of
distributed energy resources on system
security and voltage control

New technologies are enabling customers to express
existing preferences such as increasing their control over
their energy costs with their own investments or expressing
new preferences such as in the case of an individual
seeking to reduce their carbon footprint.

The increasing penetration of rooftop solar PV has seen
historically low demand levels recorded in the middle of the
day, typically on mild, sunny weekends or public holidays.
AEMO forecasts the level of minimum demand in South
Australia to continue to decrease over the forecast period
(section 3.3).

Low demand conditions at the transmission level can
correlate closely with a decreased level of dispatch of large
synchronous generators, which have historically been

a source of voltage control for the system. When these
conditions coincide with periods of low wind, many wind
farms are also limited in their ability to contribute reactive
power to enable satisfactory voltage control of the system.

We have continued to work with SA Power Networks to
jointly analyse the challenges presented by a declining
minimum demand, including the impact on system voltage
levels. Studies and observations have shown that high
voltage levels across the system can occur at such times of
extremely low demand.

We have identified a need to invest in several 275 kV
switched reactors as minimum demand levels continue to
fall, to preserve dynamic control capability on equipment
such as SVCs and synchronous condensers (section 7.4).
This will maintain the system’s capability to ride through
unforeseen severe disturbances and prevent voltage levels
from exceeding equipment limits during system normal
conditions or after an unplanned outage of any single line,
transformer, or other network element.

In May 2020, AEMO released a report outlining actions
required to ensure the ongoing stability of the South
Australian electricity system at high penetration levels of
distributed energy resources.?2 We have worked with AEMO

to update transfer limits in line with the findings of the report.

The development of Distributed Energy Resources

(DER) - as an extension of rooftop solar - and the adoption
of more advanced operating capabilities is enabling the
development of Virtual Power Plants (VPPs). Over the next
ten years, VPPs have the potential to be new providers of
services for both ElectraNet and SA Power Networks.

1.3.6 Managing increasing system complexity

The ongoing transformation of the power system is pushing
the transmission network to its limits and expanding its
role. At the same time, rapidly changing technologies are
creating both challenges and opportunities for the delivery
of transmission services and the evolution of the electricity
supply system.

To increase the transparency of emerging system security
risks that may need to be managed, on 3 June 2021 the
AEMC made a final determination and final rule to amend
the Rules to implement a holistic General Power System
Risk Review (GPSRR) that will replace the existing Power
System Frequency Risk Review (PSFRR).

The GPSRR is intended to help AEMO, NSPs and other
market participants to better understand the nature of new
risks and monitor them over time, all of which is particularly
important given the transition underway.

The GPSRR will be an annual review that will require AEMO
in collaboration with Network Service Providers to identify
and assess risks to power system security that it expects
would be likely to lead to cascading outages or major
supply disruptions. Risks to be reviewed include:

e non-credible contingency events, the occurrence
of which AEMO expects would be likely to involve
uncontrolled increased or decreases in frequency,
alone or in combination, leading to cascading outages,
or major supply disruptions, and

e other events and conditions (including contingency
events) the occurrence of which AEMO expects, alone
or in combination, would be likely to lead to cascading
outages, or major supply disruptions.

To keep pace with the challenges posed by the ongoing
transformation of the power system we are planning
investments to maintain performance requirements and
extend the capabilities of the network, while harnessing
the benefits of new and emerging technology. Planned
investments include:

e enhance high resolution time synchronised wide
area system monitoring by rolling out a Wide Area
Monitoring Scheme (WAMS, section 7.3)

e enhance the existing System Integrity Protection
Scheme to make it a Wide Area Protection Scheme
(section 7.3)

e as part of establishing Project EnergyConnect,
implement a Special Protection Scheme to address
the risk that a non-credible loss of either Project
EnergyConnect or Heywood interconnector would not
lead to the loss of the other interconnector.

2 Minimal operation demand thresholds in South Australia, published May 2020. Available at https://www.aemo.com.au/energy-systems/electricity/national-electricity-

market-nem/nem-forecasting-and-planning/south-australian-advisory-functions.
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2 National

Transmission

Planning

2.1 Integrated System Plan

The 2020 ISP was developed to be an actionable roadmap for the NEM to optimise
consumer benefits through a transition period of great complexity and uncertainty.
It identified an optimal development path which comprises projects to augment the
transmission grid as well as other ISP development opportunities.

The 2020 ISP identified four categories of transmission projects — committed, actionable with decision rules, and future ISP
projects. They have been selected from a wide range of options to achieve power system needs through a complex, energy
sector transition.

Further major network investments beyond what is currently committed will be needed by 2040, to strengthen the NEM and
enable delivery of the identified generation resources. Six major transmission projects have been selected from a large range
of credible options and combinations to determine the mix of investments that optimises the net market benefit.

AEMO’s economic and power system analysis identified the least-cost development paths for five core scenarios (below).

The least-cost development paths for each of the five core scenarios project that the four low-regret projects already being
progressed by Transmission Network Service Providers (TNSPs) — VNI Minor, Project EnergyConnect, HumeLink and Central-
West Orana REZ Transmission Link — will be completed by 2025-26 at the latest.

If new generators do connect more quickly than currently indicated by generation expansion modelling, plans to strengthen
parts of the electricity transmission system may need to be accelerated.

We are working on plans that will enable us to respond in a timely way if the projected new developments occur earlier than
currently forecast.

Ideal timing for key national transmission investments under the five core scenarios examined in the 2020 ISP, based
on the least-cost development path

- o
5 L §
Network - o X X
- o c = c =
project 5 g 5 ~ = o - = =
. 1 (&) 5 o o 7] » 0
Scenario/ = T o B> = () © o = S
sensitivity = £ c o= 2 = - = EL £E2
Z g8 o2 = Z = Z 3 S 8
> 0o o w i (¢} (¢] = =0 =0
Central 2024-25 2025-26 2032-33 2035-36 2035-36 2036-37  Not needed
No further interconnections needed as this scenario delays the retirement of coal-fired
Slow Changes3 . :
generation and the need for replacement variable renewable energy
Fast Change 2022-23 2024-25 2031-32 Not needed
2025-26 2035-36
Step Change 2024-25 2032-33 2035-36 2028-29 2031-32
. Not Not
High DER needed? needed 2031-32 2035-36

Source: AEMQ’s 2020 ISP, Table 6.

The following sections provide a short description of the specific 2020 ISP outcomes that relate to the South Australian
electricity transmission network.

ElectraNet is working closely with AEMO to support the development of the 2022 ISP.

3 While HumeLink and Project EnergyConnect are not part of the least-cost development path under the Slow Change scenario under current cost estimates, they are low-
regret investments given the relatively low likelihood of this scenario and are therefore included in all candidate development paths.

4 While HumeLink is not part of the least-cost development path under the High DER scenario under current cost estimates, the majority of the ISP analysis was performed
based on a lower cost estimate that resulted in HumeLink still being part of the least cost development path for this scenario. Therefore, any reference to the High DER least
cost development path in the remainder of the 2020 ISP report includes HumeLink.
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@ \ Australian Renewable
The 2020 ISP includes the installation of four high-inertia Delivery of this network expansion as early as the mid- ‘-l Energy Zones
synchronous condensers, previously recommended in the 2020s may be optimal if new generators in the South East ] @
2018 ISP, as a committed project. or in the Eastern Hills connect earlier than forecast in the E
We have now completed the installation of these 2020 ISR, or if the network expansion can be shown to S 3 ® Pernatty
synchronous condensers at Davenport and Robertstown. deliver net market benefits. Pimba® |
The impact that the synchronous condensers have on High level details of this potential project are provided in N
the amount of non-synchronous generation that can be sections 2.1.5, 4.4 and 7.5. Mount Gunson &,
dispatched in South Australia while meeting system strength Mount Guigggn South g

limits is described in section 5.3.3.

2.1.4 Mid North expansion to release REZ capacity

. . ®Neuroodla
) in the north of South Australia
2.1.2 Project EnergyConnect
) ) The 2020 ISP also forecast the need to alleviate constraints
The network options AEMO assessed as having the most between Davenport and Adelaide and between Davenport
gedrgl'mec lL:‘dSIdczrs?igt Egirgrng o?w?oeccl}avlvgfg ISste zﬁzgfd and Robertstown in 2034-35 or 2035-36.7 This would EC.15104 Options @ Port Augusta
verfu Vi u ready-str unlock increased capacity to support about 1000 MW of Build third and fourth @Emeroo .
renewable investments. Recommended in the 2018 ISP, the pactty PP 275 kV lines between Davenport and Davenport EC. 15205 Option

additional hosting capacity for additional wind farms, solar

Increase transfer capacity between
farms and storage north of Adelaide in the Yorke Peninsula,

seeeeeee{ Davenport, Robertstown, Templers

2020 ISP confirmed Project EnergyConnect as a low regret Cultana

: Upgrade Cultana to Yadnarie section feeeeeccocces :
investment. Riverland, Mid North SA, Northern SA and Roxby Downs of Eyre Peninsula Link to 275 kv West, Para and Adelaide
Section A7.6 in Appendix 7 of the ISP discusses the South REZs by increasing transfer capacity between the northern @ v cul oY Bako
Australian system in transition, articulating why Project part of the South Australian system and the Adelaide Wudinna e 0 Whyalla C ™ alla.
EnergyConnect will make an important contribution to metropolitan load centre. 3 FofMinal
maintaining system security in South Australia. The network expansion would also firm up transfer
The 2020 ISP identified that Project EnergyConnect will capacity between Project EnergyConnect and the Adelaide o
support development of the following Renewable Energy metropolitan load centre. i i
Zones (REZs): We are continuing to investigate the benefits of a project, s Bri -c.()'
. . . . adnarie, Project
e South West New South Wales (New South Wales) potentially staged, to deliver increased transfgr capacity - _ A qrth EnergyConnect
) o between Robertstown, Davenport and Adelaide. See EC.14172 Eyre Peninsula Link Eoma M Robertstown 0 b RPN
e Murray River (Victoria) sections 2.1.5, 4.4 and 7.5 for high level details about Improved reliability and growth i ° ™ an = & = e Y
e Riverland (South Australia).5 potential project options. options unlocked regmeske Murraylink %
Monash
. Delivery of increased transfer capacity as early as the mid- B B.g:,i
213 Netwqu expansion to release South East SA 2020s may be optimal if new generators or storage facilities G, 15205 Ooli
REZ capacity north of Adelaide connect earlier than forecast in the 2020 Install second ?r;ggormer @
) ISP, and if the network expansion can be shown to deliver at Templers West
The 2020 ISP forecast that network expansion to release net market benefits Port Lincoll
REZ capacity in the South East of South Australia will be '
needed in the late 2030s, or possibly as early as 2030-31 if . . . ®Sieaford DRRMEL North o -
the Step Change scenario eventuates.6 2-1 -5 OveI'VIeW Of South AUStrallan Candldate arymga?ryn(‘)lple. Adelalde OF g P4 §C11011 v
) ) - . 1 tring vacant 275
This network expansion would facilitate the connection of Renewable Energy Zones @ Morphet' circuit between Tailem
400 MW to 600 MW of generation within this large REZ, The 2020 ISP identifies nine candidate Renewable Energy Cherry ) -Beﬂ an Tungkillo ?nd
such as wind generation near Mount Gambier or solar Zones in South Australia (right). We have identified potential Gardens b v g]jv?er sma;cq)ﬁ irfer?g;c\;:d
generation near Tailem Bend. The proposed scope is to

network investments to release capacity in each of the

string the vacant Tailem Bend to Tungkillo 275 kV circuit and candidate REZs (right, and overlea).

if necessary install additional dynamic reactive support to o ,
enable increased transfers between the South East of South The 2020 ISP indicated that most of these South Australian

Australia and the Adelaide metropolitan load centre. REZs are not forecast to require development within
the next 20 years, except for the developments already

The network expansion would also firm up transfer capacity discussed (sections 2.1.3 and 2.1.4).

between Heywood Interconnector and the Adelaide ' . ®Keith
metropolitan load centre. The transfer capacity between Chapter 7 provides more detail about each of the numbered
Heywood Interconnector and the Adelaide metropolitan projects such as high-level scope, cost and potential timing.

Black Range O
load centre could otherwise reduce due to the impact of

declining average demand in the Eastern Hills region caused

by increasing local penetration of distribution-connected
solar farms and rooftop solar PV. LEGEND @

® 132KV Substation (existing) 132 kV (existing)
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O 275kV Substation (existing) 132 KV (existing) OWNED BY OTHERS

® <66kV Substation (existing) —— 275 kV (existing)

A Pump Station ==== 275 kV (existing) OWNED BY OTHERS Penola West

De—Energised line Renewable Energy Zone ®

5 AEMO’s Final 2020 Integrated System Plan, page 17. Available here. DC Cable S ~
6 AEMO’s Final 2020 Integrated System Plan, page 91. Available here. Mr:;gugr?ary. SiEnlzt
7 AEMO'’s Final 2020 Integrated System Plan, page 91. Available here. B'a“"He

O
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Potential network investments to release capacity in South Australian Renewable Energy Zones

REZ
number

1)

2)

6O 06 6 606 (¢)

(8)

REZ name

South East
SA

Riverland

Mid-North
SA

Yorke
Peninsula

Northern
SA

Leigh
Creek

Roxby
Downs

Eastern
Eyre
Peninsula

Western
Eyre
Peninsula

Potential network investments

Increase transfer capacity between the South East SA REZ and the Adelaide metropolitan load centre by
stringing the vacant 275 kV circuit between Tailem Bend and Tungkillo, and installing dynamic reactive
support if needed to support increased transfers. We are proposing a contingent project (EC.11011) to deliver
this increased capacity if the need arises (Appendix E).

Consider increasing transfer capacity between the South East SA REZ and the Melbourne metropolitan load
centre by increasing the capacity of the Heywood interconnector, such as by constructing new double circuit
500 kV lines between Heywood and South East.

Establish Project EnergyConnect (EC.14171).

Establish a new shared connection point at a suitable location along the route of Project EnergyConnect
(EC.15201).

Increase transfer capacity between the northern parts of the South Australian electricity transmission network
and the Adelaide metropolitan load centre in stages. We are proposing a contingent project (EC.15205) to
deliver this increased capacity if the need arises (Appendix E). Options include:

o Installing a second 275/132 kV transformer at Templers West and decommissioning the Templers to
Waterloo 132 kV line, to provide an initial increase in transfer capacity between Robertstown in the Mid
North and the Adelaide metropolitan load centre

e  Significantly increasing transfer capacity between Robertstown and Adelaide by building new double
circuit 275 kV lines between Robertstown and Templers West, and rebuilding the Templers West to Para
275 kV line as a new double circuit 275 kV line

o Significantly increasing transfer capacity between Davenport and Adelaide by building new double circuit
275 KV lines between Davenport and Robertstown, Templers West or Para.

Establish a new shared connection point that extends the 275 kV network from Blyth West to a suitable
location on the Yorke Peninsula.

If new generator developments are to be west of Spencer Gulf, build additional double circuit 275 kV lines
between Davenport and Cultana (EC.15261).

Increase transfer capacity between the northern parts of the South Australian electricity transmission network
and the Adelaide metropolitan load centre in stages, as described above for the S3 Mid-North SA REZ.

Establish a new shared connection point that extends the 275 kV network from Davenport to a suitable
location near Leigh Creek.

Increase transfer capacity between the northern parts of the South Australian electricity transmission network
and the Adelaide metropolitan load centre in stages, as described above for the S3 Mid-North SA REZ.

Establish a new shared connection point that extends the 275 kV network from Mount Gunson South or
Davenport to a suitable location near Roxby Downs.

Increase transfer capacity between the northern parts of the South Australian electricity transmission network
and the Adelaide metropolitan load centre in stages, as described above for the S3 Mid-North SA REZ.

Eyre Peninsula Link (EC.14172) will provide increased capacity to facilitate additional generator connections in
the Eastern Eyre Peninsula REZ.

Capacity can be further increased by upgrading the operation of the lines between Cultana and Yadnarie
from 132 kV to 275 kV and if necessary due to the combined impact of new generator connections in the
Eastern Eyre Peninsula REZ, Western Eyre Peninsula REZ and Northern SA REZ west of Spencer Gulf, build
additional double circuit 275 kV lines between Davenport and Cultana. We are proposing a contingent project
(EC.15104) to deliver this increased capacity if the need arises (Appendix E).

Increase transfer capacity between the northern parts of the South Australian electricity transmission network
and the Adelaide metropolitan load centre in stages, as described above for the S3 Mid-North SA REZ.

Eyre Peninsula Link (EC.14172) will provide increased capacity to facilitate additional generator connections in
the Western Eyre Peninsula REZ.

Capacity can be further increased by upgrading the operation of the lines between Cultana and Yadnarie
from 132 kV to 275 kV and if necessary due to the combined impact of new generator connections in the
Eastern Eyre Peninsula REZ, Western Eyre Peninsula REZ and Northern SA REZ west of Spencer Gulf, build
additional double circuit 275 kV lines between Davenport and Cultana. We are proposing a contingent project
(EC.15104) to deliver this increased capacity if the need arises (Appendix E).

Establish a new shared connection point that extends the 132 kV or 275 kV network from Yadnarie to a new
suitable location on the western Eyre Peninsula.

Increase transfer capacity between the northern parts of the South Australian electricity transmission network
and the Adelaide metropolitan load centre in stages, as described above for the S3 Mid-North SA REZ.
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Robertstown Substation

2.2 Power System Frequency Risk Review

AEMO undertook the Power System Frequency Risk Review (PSFRR) for 2021 and published reports in two stages. AEMO
published a Stage 1 report in July 2020 to provide high level recommendations for each jurisdiction, with further details
published in the final (Stage 2) report in December 2020.

2.2.1 Recommendations for South Australia

AEMO identified that continued growth in DER is likely to see a net load reduction in distribution feeders, with more distribution
feeders feeding power back into the transmission network during the middle of sunny days. To ensure the effectiveness of
Under Frequency Load Shedding (UFLS) schemes, AEMO recommended that all transmission and distribution network service
providers review the design of existing UFLS schemes (section 4.5.1).

AEMO also recommended that ElectraNet, in collaboration with AEMO, continue to work on enhancements to South
Australia’s System Integrity Protection Scheme (SIPS) by implementing a Wide Area Protection Scheme (WAPS), with the final
scheme expected to be commissioned by October 2022 (section 4.5.3).

AEMO identified a need to manage reduced effectiveness of UFLS in periods with low load or high distributed PV generation
to control frequency following the non-credible loss of interconnection between South Australia and Victoria when South
Australia is importing power from Victoria. AEMO indicated an intention to make a submission to the Reliability Panel, seeking
for the non-credible synchronous separation of South Australia from the rest of the NEM to be considered a protected event
under certain conditions.

AEMO indicated that work was being undertaken by ElectraNet and AEMO to reassess power system operational limits that
will apply following the commissioning of the four synchronous condensers that we have now installed at Davenport and
Robertstown, with a view to updating planning assumptions once the synchronous condensers were commissioned. This
work has now been completed.

AEMO reviewed the South Australian Over Frequency Generation Shedding (OFGS) scheme, and recommended that AEMO
work in consultation with ElectraNet to review the effectiveness of the OFGS and modify it if required (section 4.5.2).
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2.3 General Power System Risk Review

On 3 June 2021 the AEMC made a final determination and final rule to amend the Rules to implement a holistic General Power
System Risk Review (GPSRR) that will replace the existing Power System Frequency Risk Review (PSFRR).

The GPSRR is intended to help AEMO, NSPs and other market participants to better understand the nature of new risks and
monitor them over time, all of which is particularly important given the transition underway.

The GPSRR will be an annual review that will require AEMO in collaboration with Network Service Providers to identify and
assess risks to power system security that it expects would be likely to lead to cascading outages or major supply disruptions.
Risks to be reviewed include:

e Non-credible contingency events, the occurrence of which AEMO expects would be likely to involve uncontrolled
increases or decreases in frequency, alone or in combination, leading to cascading outages, or major supply disruptions,
and

e Other events and conditions (including contingency events) the occurrence of which AEMO expects, alone or in
combination, would be likely to lead to cascading outages, or major supply disruptions.

The first GPSRR is to be completed by 31 July 2023.
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Electricity demand forecasts are a key input to ensuring the transmission network
continues to deliver the services customers expect.

Each registered participant connected to the transmission network is required to provide demand
forecast information on an annual basis according to Schedule 5.7 of the National Electricity Rules
(Rules). ElectraNet uses this information and observed data to forecast electricity demand.

3.1 South Australian electricity demand

The South Australian load profile is very ‘peaky’ in nature with relatively low energy content (figure below). This means that
even though demand can exceed 3000 MW on hot summer days, demands between 1000 and 2000 MW are most common
throughout the year. The continued uptake of embedded solar PV in recent years has significantly lowered demand supplied
by the transmission system during the day, especially on weekends and public holidays.

Minimum demand on the South Australian electricity system has approximately halved from 2009-10 to 2020-21. We expect
that the continuing uptake of embedded solar PV will produce even lower minimum demands.

South Australian system wide load duration curves for 2009-10 and 2020-21
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Note the very small percentage of time that demands above 2,000 MW are present on the South Australian transmission network, and the increasing percentage of time
that demands below 1,000 MWV are present. Maximum demands have remained at a similar level, whereas demand levels at other times and particularly at times of minimum
demand have reduced from 2009-10 to 2020-21.
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3.2 Demand forecasting methodology

ElectraNet annually receives 10-year demand forecasts
from SA Power Networks and direct connect customers.

A description of the load forecasting process used by SA
Power Networks is provided in SA Power Networks’ 2020
Distribution Annual Planning Report.8 ElectraNet and SA
Power Networks collaborate to determine and agree on any
adjustments required to account for embedded generators
and major customer loads connected directly to the
distribution network.

Transmission network development plans are revised as
connection point demand forecasts are updated. The
development plans presented in this report were based on
the connection point maximum demand forecasts that were
provided by SA Power Networks in October 2020. We have
reviewed the latest connection point maximum demand
forecasts provided by SA Power Networks in September
2021 and determined that the development plans remain
appropriate. Details of the latest connection point forecasts
can be found on ElectraNet’s Transmission Annual Planning
Report webpage.®

In August 2021, AEMO produced and published forecasts
of energy, maximum demand and minimum demand for
South Australia to support the 2021 Electricity Statement of
Opportunities (ESOO).10 ElectraNet has considered those
forecasts to determine future needs for improved voltage
control on the 275 kV Main Grid at times of minimum
demand in South Australia.

AEMO also publishes connection point forecasts for South
Australia. These forecasts, along with information on
AEMO’s methodology for connection point forecasting can
be found on AEMQO’s website.!!

ElectraNet compares its forecasts (as published on the
Transmission Annual Planning Report webpage)'? against
AEMOQO’s forecasts. At an aggregate level, AEMO’s and
ElectraNet’s connection point forecasts are both reconciled
to AEMO'’s State-level forecast from the 2021 ESOO during
their development. Thus, the connection point forecasts
inherently reconcile to one another.

When individual connection point forecasts are considered
there are some differences between the two forecasts, but
neither forecast is consistently higher or lower than the
other. The difference between the ElectraNet and AEMO
connection point forecasts has no material impact on
network limitations or development plans within the next
10 years.

ElectraNet uses both the AEMO state-wide forecasts and
our own connection point forecasts depending on the
needs of a particular planning study.

3.3 Demand forecasts

In most cases there is very little change in the projections of future demand for connection points compared to the demand
forecast which was used as the basis for the plans presented in the 2020 Transmission Annual Planning Report. Our plans for
individual connection points have not needed to be updated.

AEMO makes state-wide demand forecasts for South Australia available on its Forecasting Data Portal.13

The most recent update to AEMO’s South Australian State-wide forecasts was published in August 2021, alongside AEMO’s
2021 ESOOQ.

We have compared AEMO’s August 2021 ESOQO central forecasts for South Australian maximum and minimum demand to

the 2020 ESOOQ forecasts that formed the basis of the plans presented in the 2020 Transmission Annual Planning Report,
along with the previous ten years and current year of actual maximum, average and minimum demands (below). While forecast
maximum and average demands remains similar, the 2021 minimum demand forecast is significantly lower and steeper than
the 2020 minimum demand forecast.

3.3.1 Potential key drivers of demand

The figure below shows maximum demands are forecast to increase only slightly in coming years. There are, however, several
potential developments that could, if they occur, drive a significant increase in maximum demands. These include:

e The potential connection of new large customer loads such as new or expanded mines, new large industrial loads, or
other energy-intensive opportunities such as the production of “green steel”

e The development of large hydrogen hubs in accordance with the South Australian Government’s hydrogen strategy
e The widespread adoption of electric vehicles or the electrification of appliances or sectors that currently utilise other fuel
sources.

The figure below also shows that minimum demands are forecast to decrease steeply in coming years. This trend is driven by
forecast continued rapid uptake by customers of rooftop solar PV.

AEMO’s 2021 ESOO central and 2020 ESOO central forecasts

3500 - @® Actual maximum demand
3000 [ ° o0 - @® Actual average demand
Y [ ) o Y [ ) Actual average demand
2500 === Forecast 10% POE maximum
demand (2020 ESOOQ)
2000 e [orecast 10% POE maximum
demand (2021 ESOO)
1500 @ ) ese= [orecast average demand
> %0000 e¢ —— (derived from 2020 ESOO)
= 4000 ® e=ms [orecast average demand
o %o o0 (derived from 2021 ESOO)
500 ® emem [orecast 90% POE minimum
[ - demand (2020 ESOO)
-
0 - e o - o e Forecast 90% POE minimum
demand (2021 ESOO)
-500
-10000
¥ L o~ ® 29 - d 9 F QY e N 9 22 5 Source: AEMO’s 2021 ESOO, and AEMO’s 2020
E Z E E E g a E ,(\'_I x i $ E E c,ll g T 2 Eggg.e Forecas?average dem:rr;ds have bseen
é é é é § é % % § § % § § % § § % § gg[rgifn Zgg;] TAEMO’S central forecast of energy
Year

8 Available from sapowernetworks.com.au/industry/annual-network-plans.

9 Available from www.electranet.com.au/what-we-do/network/regulated-network-reports-and-studies.

10 Available from aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/NEM-Electricity-Statement-of-Opportunities.
1 Available from aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/ Transmission-Connection-Point-Forecasting.
12 Available from www.electranet.com.au/what-we-do/network/regulated-network-reports-and-studies.

18 Accessible at http.//forecasting.aemo.com.au/.
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3.4 Performance of 2020 demand forecasts

3.4.1 Weather conditions during summer

Weather conditions over summer are a key driver of maximum demand for electricity in South Australia. Consecutive days of
high temperatures, such as those that make up a typical summer heat wave, can drive state-wide demands to levels of more
than double the average.

Weekends, public holidays, and the holiday period that begins at Christmas time and extends until Australia Day reduce the
impact of high temperatures on demand. For state-wide electricity demand to reach high levels, metropolitan Adelaide needs
to experience high temperatures, generally on working days outside of the holiday period.

Individual connection points, however, can experience isolated heat events, driving high localised demands independent of
state-wide demand levels. This is especially possible in holiday regions, or in regions where local industry has a seasonal
demand (for example, vintage time in wine regions).

November 2020-21 recorded daily maximum temperatures that were, on average, significantly warmer than the long-term
trends for that month. Other months recorded daily maximum temperatures that were roughly in line with their long-term
trends; however, the maximum recorded temperature in each month was well below the historical extremes. The highest
recorded temperature at the Bureau’s official Adelaide city site at West Terrace was 42.7 °C on Sunday 24 January (below).

2020-21 Summer temperature data compared with long term trends

November December January February March
Long- 5959  LONG- 5459  LOMG- 5459 LONG- 5. LOMG- 5050,
term 21 term 21 term 21 term 21 term 29
trend trend trend trend trend
Max temp (°C) 427 40.6 45.2 37.3 46.6 42.7 43.4 379 41.8 32.6

30-Nov 27-Nov 19-Dec 14-Dec 24-Jan 24-Jan 1-Feb 17-Feb 3-Mar 20-Mar
Date of max temp

1962 2020 2019 2020 2019 2021 1912 2021 1942 2021
?‘S"age max temp 24.5 28.8 26.9 26.3 28.6 28.9 28.5 271 26.0 26.0
Days* >30°C 6.1 15 9.1 6 1.7 13 10.7 9 7 5
Days14 >35°C 1.6 6 3.8 8 .3 4 4.4 4 1.6 0
Days* >40°C 0.1 1 0.6 0 11 1 0.6 0 0.1 0
Difference between

2020-21 average max 43 06 0.3 14 0.0

temp and
long-term trend

Source: Bureau of Meteorology, Adelaide (West Terrace/ngayirdaripira)

4 Mean days for long term trend data, actual days for 2020-21 data

15 These values represent the Operational Demand of the South Australian electricity system. Operational Demand excludes demand supplied by small non-scheduled
generation and other exempt generation such as rooftop solar, gas tri-generation, very small wind farms. Source: https://www.aemo.com.au/energy-systems/electricity/
national-electricity-market-nem/data-nem/aggregated-data.
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3.4.2 State-wide demand review

State-wide demand during 2020-21 reached a maximum of 2,742 MW on Thursday 18 February 2021. Demand exceeded
2,500 MW on four days during the 2020-21 summer (table below).

Highest demand days in summer 2020-21

. . Preceding overnight Preceding

Maximum demand Maximum . :

Date (MW)s temperature (°C) minimum temperature day maximum

P (°C) temperature (°C)

Thursday 18 February 2021 2,742 36.9 26.9 36.7
Sunday 24 January 2021 2,650 42.7 27.0 34.0
Wednesday 17 February 2021 2,606 37.9 22.4 36.9
Friday 27 November 2020 2,589 40.6 194 33.3

Temperature patterns with the potential to deliver very high demand levels are typically characterised by very high Adelaide
maximum temperatures on the day and preceding day of 40 °C or more, combined with a high preceding overnight minimum
temperature of about 25 °C or higher.

Demand levels corresponding to a 10% Probability of Exceedance (POE) typically occur if such weather conditions occur
mid-week, before or after the traditional holiday period between Christmas Day and Australia Day. Such temperature patterns
did not occur during the 2020-21 summer, consistent with the relatively subdued maximum demand levels that were recorded
during the 2020-21 summer.

Results at individual connection points are expected to vary due to local conditions. However, given that state-wide maximum
demand was subdued, connection point maximum demands can be expected, on average, to also be low compared to
expectations (section 3.4.3).
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Minimum demands were below 400 MW on 23 days between 1 October 2020 and 30 September 2021 (table below). Recorded maximum demands more than 100% of 10% POE demand forecast in summer 2020-21

Lowest deman from 1 Oct r2020t tember 2021 i
owest demand days from 1 October 2020 to 30 September 20 Connection ElectraNet10%  AEMO 10% POE Actual Actual demand as a Date and time of
. Maximum percentage of ElectraNet 10%  maximum demand
i i i point POE forecast (MW) forecast (MW) - .
Minimum Maximum Preceding overnight Preceding (MW) POE forecast (%) (Market time)
Date demand (MW)16 temperature (°C) minimum day maximum
Lo LTS LU CEUTOIRSY north West 24.0 217 25.5 106% 23 January 2021 19:00
Saturday 10 October 2020 346 21.2 12.6 20.4
The four metropolitan bulk connection points each recorded maximum demands that were significantly lower than their 10%
Sunday 11 October 2020 289 24.0 7.3 21.2
v POE forecast. Two small (less than 2 MW) and 19 medium connection points failed to reach 85% of their 10% POE forecast
Sunday 1 November 2020 312 25.9 7.0 18.2 (table below). This high number of connection points with a maximum demand that was significantly below the 10% POE
forecast level is consistent with the expectation that connection point maximum demands, on average, would be subdued
Saturday 7 November 2020 288 23.2 10.7 181 along with the subdued state-wide maximum demand (section 3.4.2).
Sunday 8 November 2020 336 28.0 12.7 239 The 2021 review of connection point forecasts considered the impact of measured maximum demands from summer
2020-21. The September 2021 connection point forecasts are available in the connection point information published on our
Saturday 14 November 2020 335 301 1.5 19.8 Transmission Annual Planning Report webpage.1?
Sunday 29 November 2020 388 2385 13.8 8818
Recorded maximum demands either lower than the 10% POE demand forecast by at least 20 MW, or lower than 85%
Saturday 19 December 2020 330 24.6 10.7 20.9 of 10% POE demand forecast, in summer 2020-21
Sunday 20 December 2020 380 29.7 1.5 24.6 .
ElectraNet 10% AEMO 10% Actual Actual demand as a Date and time of
Friday 25 December 2020 285 20.6 13.6 26.7 Connection point18 POE forecast POE forecast Maximum percentage of ElectraNet maximum demand
(MW) (MW) (MwW) 10% POE forecast (%) (Market time)
Monday 28 December 2020 258 20.9 9.2 26.0
Northern suburbs 355.2 299.7 306.4 86% 18/02/2021 18:30
Tuesday 29 December 2020 370 22.8 10.1 20.9 X
Yadnarie 8.0 8.1 6.8 84% 18/02/2021 19:00
Sunday 3 January 2021 387 26.1 174 25.3
S, 65.3 63.3 55.0 84% 24/01/2021 17:30
Tuesday 5 January 2021 370 22.4 13.8 21.4
Port Lincoln 32.7 31.7 275 84% 24/01/2021 19:00
Saturday 16 January 2021 370 22.2 14.3 21.3
Brinkworth 5.1 51 4.3 84% 24/01/2021 18:00
Monday 8 February 2021 380 25.7 13.0 21.2
Playford 31.6 34.6 261 83% 24/01/2021 18:00
Sunday 14 February 2021 291 26.3 12.3 23.5
Clare North 12.5 13.9 10.3 82% 24/01/2021 18:00
Monday 8 March 2021 357 26.4 16.5 28.5 )
Dorrien 62.1 58.5 51.2 82% 18/02/2021 18:30
Sunday 14 March 2021 808 206 97 208 Wudinna 16.2 15.6 13.3 82% 18/02/2021 19:00
Saturday 14 August 2021 871 17.8 5.9 16.9 Mobilong 38.2 39.7 314 82% 17/02/2021 18:30
Saturday 21 August 2021 384 18.0 8.9 18.6 Southern suburbs 717.0 665.9 583.6 81% 18/02/2021 18:30
Sunday 19 September 2021 364 20.0 7.8 171 Waterloo 9.8 9.6 7.9 81% 24/01/2021 18:30
Sunday 26 September 2021 199 19.6 9.1 17.6 Mt Barker 103.4 97.2 82.8 80% 24/01/2021 18:30
Kanmantoo 1.8 1.5 1.4 79% 17/02/2021 19:00
Verz/ low demand levels are typically characterlged by ml||d Adglglde maximum temperatures betweerg about 200 Cand Templers 343 314 571 79% 17/02/2021 19:00
30 °C on a sunny day, preceded by a cool to mild overnight minimum temperature between about 5 °C and 15 °C. The lowest
demand levels occur when these conditions coincide with a weekend or public holiday. Western suburbs 453.4 444.5 357.4 79% 18/02/2021 18:30
Overall, weather conditions that drive very low demands are more common and can occur throughout a longer period of the Eastern suburbs 750.3 737.4 576.4 77% 18/02/2021 18:00
year, than weather conditions that drive very high demands.
Kadina East 29.9 275 22.9 77% 24/01/2021 18:00
3.4.3 Connection point 