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Preface

The NEM integrated system plan

The 2022 Integrated System Plan (ISP) comes at a time when the future of Au s t r enkrgyas@ snatter of
great national urgency.

As it has since 2018, the ISP offers the mostrobusté wh ol e of swikkledomsugplyiagraffordable
and reliable electricity to homes and businesses in the eastern and south eastern states, while supporting
Austr al i admbitionse Rrom2@25, there will be moments when the National Electricity Market (NEM)
has enough renewable energy to meet 100% of that demand.

This plan is for a true transformation of the NEM, from fossil fuels to firmed renewables. It calls for levels of
investment in generation, storage, transmission and system services that exceed all previous efforts
combined. It cannot offer quick fixes, but it does offer a clear and transparent roadmap through to 2030, and
then to 2040 and 2050.

Equally, the ISP calls for Australian industry and communities to be engaged in, help problem-solve, and
ultimately support and benefit from that investment. The NEM is capable of delivering enough low-emission
electricitytosupport the nati on6s ambenironmentaligdals,bul isdoes neechacclesr c
social licence for the scale of investment needed.

The 2022 ISP has been developed with involvement from over 1,500 NEM stakeholders through 31 forums

and webinars, 198 written submissions, and continuous dialogue on every aspect. The exhaustive

consultation, including feedback on the Draft ISP, has been instrumentalinbothc onf i r mi ng t he | SP6
and testing its rigour. That rigour has stood up to market events over the past six months.

A clear message from our stakeholders and recent market events is that our energy system transformation is
accelerating and irreversible. Recent international events and Australian market events have further
strengthened the case for the shift to renewables, and the ISP sets out a roadmap for the NEM that continues
to prove itself against these realities. Investment in low-cost renewable energy, firming resources and
essential transmission remains the best strategy to deliver affordable and reliable energy, protected against
international market shocks. The NEM state government energy policies have long supported this investment,
and the Commonwealth Go v e r n mRewiting the Nation policy will supportthe | SP r o a tihnelpand s
effective delivery.

AEMO thanks the Commonwealth and NEM state governments for the generous and rigorous input they have
provided, the Australian Energy Regulator (AER) Board and staff for their input and advice whenever
requested, the Transmission Network Service Providers (TNSPs) for their joint planning, and the ISP
Consumer Panel for their guidance on both content and stakeholder engagement.

Finally, the Board and | thank AEMOG swn people for their immense efforts in delivering the ISP. Our
forecasting, system planning, legal, regulatory and engagement teams have worked with precision, expertise
and dedication.

Daniel Westerman
Chief Executive Officer
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Abbreviations

Abbreviations

AC alternating current NSCAS network support and control ancillary services
AEMC Australian Energy Market Commission NSG non-scheduled generation

AER Australian Energy Regulator NSP network service provider

ARENA  Australian Renewable Energy Agency ODP optimal development path

CCs carbon capture and storage owz offshore wind zone

CDP candidate development path PACR Project Assessment Conclusions Report
DER distributed energy resources PADR Project Assessment Draft Report

DNSP distribution network service provider PEC Project EnergyConnect

DSP demand-side participation PFR primary frequency response

ESB Energy Security Board PV photovoltaic

EV electric vehicle QNI Queensland i New South Wales Interconnector
FCAS frequency control ancillary services RET Renewable Energy Target

FFR fast frequency response REZ renewable energy zone

FOM fixed operating and maintenance RIT-T Regulatory Investment Test for Transmission
GW gigawatt/s SIPS System Integrity Protection Scheme

HVDC high voltage direct current TNSP transmission network service provider

IASR Inputs, Assumptions and Scenarios Report TRET Tasmanian Renewable Energy Target

IBR Inverter-based resources TWh terawatt hour/s

110 Infrastructure Investment Opportunities V2G Vehicle-to-grid

ISP Integrated System Plan VOM variable operating and maintenance

kW kilowatt/s VNI Victoria i New South Wales Interconnector
MW megawatt/s VPP virtual power plant

NEM National Electricity Market VRE variable renewable energy (at utility scale)
NER National Electricity Rules
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Executive summary

Executive summary

The irreversible energy transition is a challenge and an opportunity

The National Electricity Market (NEM) is supporting a once-in-a-century transformation in the way electricity is
generated and consumed in eastern and south-eastern Australia. It will replace legacy assets with low-cost
renewables, add energy storage and other new forms of firming capacity, and reconfigure the grid to support
two-way energy flow. Consumers will be able to draw on low-emission electricity for their transport, industry,
office and homes, replacing oil, gas and other fuels.

Technical innovation, ageing generation plants, economics, government policies, energy security and
consumer choice are all driving this transformation, and driving it faster than many anticipated. Some of them
form part of the global push for net zero emissions by 2050, while others are independent. All the while, the
NEM must continue to meet its objective i to provide reliable, secure and affordable electricity to consumers.

As the global economy gathers pace towards its net zero future, countries that have excess low-cost
renewable energy will be at a distinct advantage. Australia is extremely well-positioned to be one of those
countries, with options to export that energy, or use it in industrial production or for energy-intensive digital
industries.

The ISP has proven robust to market events through ~ two years of engagement

AEMO, energy consumers, sector representatives, law-makers and policy-makers and other stakeholders
have been engaging on these challenges and opportunities since the 2020 ISP. The Draft 2022 ISP was
published in December 2021, receiving broad endorsement along with valuable suggestions for input
assumptions and other improvements. It considered four scenarios for the pace of energy transformation on
the path to reach net zero by 2050. Stakeholders identified the most likely to be the relatively fast Step
Change scenario, with renewables generating 83% of NEM energy by 2030-31.

Since then, momentum towards decarbonisation has accelerated, confirming the Step Change scenario as a
solid foundation for planning NEM investment.

Some coal-fired power stations have brought forward their planned exits, offshore wind generation has gained
more support, and investors have focused even more on climate and environmental, social, and governance
considerations. The NEM state governments have sharpened their policies on energy, electric vehicle,
renewables and emissions abatement, shifting to an electrification of the economy supported by firmed
renewable energy.

On the other hand, supply chain limitations and other factors are threatening the planned delivery timelines of
some transmission projects and have resulted in confirmed or potential changes to timing.

The Commonwealth Government intends to enable and support delivery of transmission investment needed
for this transition with its Rewiring the Nation policy. Governments could further support the transition through
a range of potential mechanisms such as changes to the regulatory framework, financial mechanisms to better
align benefits with costs and the timing of their imposition, and improved recognition of the impact on
landholders and communities hosting the required infrastructure.

AEMO has finalised this 2022 ISP after considering and responding to these events and to feedback on the
Draft ISP. If there is an over-riding message from both, it is that our energy system transformation is
accelerating and irreversible, and ever more comprehensive and challenging. The recent global disruption of
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international energy markets and supply chains has resulted in high fuel prices domestically, leading to price
caps in the gas and electricity spot markets which, when combined with unseasonable high demand,
generation plant outages and physical fuel scarcity, led to an unprecedented level of market intervention by
AEMO, ultimately necessitating a temporary suspension of the electricity spot market in all regions of the
NEM.

These events only confirm energy security as a driver of the transformation, and the potential for firmed
renewables to protect consumers from global commodity shocks. Given the breadth of scenarios and range of
inputs considered as part of the 2022 ISP, the Optimal Development Path (ODP) remains resilient to these
events.

The 2022 ISP is a comprehensive roadmap for the NEM

The 2022 ISP and its optimal development path  support Austral i ads compdrggx and

transformation towards net zero emissions, enabling low-cost firmed renewable energy and essential
transmission to provide consumers inthe NEM with reliable , secure and affordable power.

The | SP&6ds optimal devel opment igrfieantmvestreentmepded in thes physicad
infrastructure and intellectual capital of the NEM. That investment is needed to:

1 Meet significantly increased demand as homes, vehicles and industrial applications switch to electricity
from existing energy sources. Without coal, this will require a nine-fold increase in utility-scale variable
renewable energy (VRE) capacity, and a near five-fold increase in distributed solar photovoltaics (PV),

1 Treble the firming capacity from alternative sources to coal that can respond to a dispatch signal,

including utility-scale batteries, hydro storage, gas-fired generation, and smart behind-the-me t er A v i

power plantso (VPPs)

1 Adapt complex networks and markets fortwo-way el ectricity f 1l ow, wvaderiinge
Framework to prepare the power system for 100% instantaneous penetration of renewables, and

i Efficiently install more than 10,000 km of new transmission, to connect geographically and technologically
diverse, low-cost generation and firming with the consumers who rely on it, on a pathway that is low cost
and low regrets for consumers, with project work commencing on their earliest planned schedule.

Equally, the ISP recognises and calls for significant investment in the human and social capital needed to
deliver the intended consumer benefits and secure

1 Manage the complex and growing supply chain risks that are inherent for investments of this scale that
face prior competing claims on plant, skills and resources,

1 Engage with landholders and regional communities to co-design solutions that will earn a lasting social
licence, and

1 Continue with the significant, concurrent and accelerated collaboration between the energy sector and its
regulators, governments and communities.

When successful, the transformation of the NEM will deliver low-cost renewable electricity with reliability and
security, help meet regional and national climate targets, and contribute significantly to regional jobs and
economic growth.

© AEMO 2022 | 2022 Integrated Syst em Plan 8
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Executive summary

A double transformation : electrification of the economy while switching to firmed
renewables

Figure 1 shows the transfor mat i o BtepdChandelscenaibEhidbéghtoener gy
2050. The ISP calls for development opportunities in the Optimal Development Path (the ODP) that would
assist the NEM in catering for:

1 Almost d ouble the electricity delivered to approximately 320 terawatt hours (TWh) per year. Today
the NEM delivers just under 180 TWh of electricity to industry and homes per year. The NEM would need
to nearly double that by 2050 to serve the electrification of our transport, industry, office and homes,
replacing gas, petrol and other fuels. That growth is needed in addition to significant ongoing investment
by consumers in distributed energy and energy efficiency. The needs of proposed hydrogen production to
export our abundant renewable energy potential, if supplied from the grid, would be additional to this
growthand ar e expl or e d Hydnogern SugerpowerrscedaitoM O 6 s

1 Coal-fired generation withdrawing  faster than announced, with 60% of capacity withdrawn by 2030
Current announcements by thermal plant owners suggest that about 8 gigawatts (GW) of the current
23 GW of coal-fired generation capacity will withdraw by 2030. In the Step Change scenario, assessed by
stakeholders as most likely, ISP modelling suggests that 14 GW would withdraw by 2030. Coal-fired
generators are continuing to bring forward their withdrawal from the market i potentially by up to seven
years to 2025 in the case of the Eraring Power Station. Competition, climate change and operational
pressures will intensify with the ever-increasing penetration of firmed renewable generation.

Figure 1 Forecast NEM capacity to 2050 , Step Change scenario
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1 Nine times the utility -scale VRE capacity. Australia is currently installing VRE faster than at any time in
history. This record rate needs to be maintained every year for a decade to triple VRE capacity by 2030 i
then almost double it again by 2040, and again by 2050. Much of this resource will be built in renewable
energy zones (REZs) that coordinate network and renewable investment (including offshore wind REZ).
These zones have the potential to foster a more holistic approach to regional employment, economic
opportunity and community participationt hat may | ead to greater | ocal fulf
chain needs.

1 Nearly five t imes the distributed PV capacity , and substantial growth in distributed storage. The
NEM6 s t r an wilf be mflnented loythe generation and feed-in capability of millions of individual
consumer-owned solar PV systems. Today, ~30% of detached homes in the NEM have rooftop PV, their
~15 GW capacity meeting their owne r snérgy needs and exporting surplus back into the grid. By 2032,
over half of the homes in the NEM are likely to do so, rising to 65% with 69 GW capacity by 2050, with
most systems complemented by battery energy storage. Assuming that investment in distribution systems
is coordinated with DER expansion for efficient operation and export, their 93 TWh of electricity would
meetnearlyonef i ft h of t hr@erlpng tetnand.t ot a l

Treble the firming capacity  from dispatchable storage, hydro and gas -fired generation to
firm renewables

As coal-fired generation withdraws and weather-dependent generation starts to dominate, the NEM must
efficiently match when and where electricity is generated, with when and where it is needed. To do so,
investment is needed to treble the firming capacity provided by new low-emission firming alternatives that can
respond to a dispatch signal, with efficient network investment to access it.

Currently, the NEM relies on 23 GW of dispatchable firm capacity from coal-fired generation, 11 GW from
gasfired and liquid-fuelled generation, 7 GW from hydro generation (excluding those that rely solely on
pumped hydro to operate), and 1.5 GW from dispatchable energy storage (including pumped hydro and
battery storage).:

Without coal-fired generation, the ISP modelling suggests that the NEM will require by 2050 the firming
capacity set out below. However, the investment schedule will vary between types, and evolving economics
will determine the actual level of investment in each of these technologies.

1 46 GW /640 GWh (gigawatt hours) of dispatchable storage, in all its forms. The most pressing need
in the next decade (beyond what is already committed) is for dispatchable batteries, pumped hydro or
alternative storage to manage daily and seasonal variations in the output from fast-growing solar and wind
generation. By 2050, the ISP modelling recognises that VPPs, vehicle-to-grid (V2G) services and other
emerging technologies will provide approximately 31 GW of dispatchable storage capacity, and
utility-scale battery and pumped hydro storage 16 GW (see Figure 1). This balance of grid- and
household-connected storage solutions reinforces the need for close collaboration between AEMO,
network service providers (NSPs) and investors to ensure investments are synchronised to optimise
benefits for consumers.

1 The existing Snowy Hydro capacity (including Tumut 3) is categorised as hydro in this summary as it is predominantly reliant on natural inflows
for its operation. The ability of Tumut 3 to pump water to manage storages is reflected in the ISP modelling.
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1 7 GW of existing hydro generation , both storage and run-of-river types, which rely entirely or
predominantly on natural inflows rather than pumping to operate.

1 10 GW of gas-fired generation for peak loads and firming. Gas-fired generation will play a crucial role
as coal-fired generation retires. It will complement battery and pumped hydro generation in periods of
peak demand, particularly dur i n gwilhelpaovedfat planded and st i | |
maintenance of existing generation and transmission. And it will provide essential power system services
to maintain grid security and stability, particularly following unexpected outages or earlier than expected
generation withdrawal.

This critical need for peaking gas-fired generation will remain through the ISP time horizon to 2050, and
older and less efficient peaking plants may need to be replaced. Additional and earlier peaking gas-fired
generation would add resilience against potential shortfalls in VRE, storage, DER or transmission. Over
time, gas-fired generation emissions will need to be offset elsewhere if the economy is to reach net zero
emissions, and natural gas may be replaced by net zero carbon fuels such as green hydrogen or biogas.

Wholesale demand response and other flexible loads will also help manage peak loads and troughs, reducing
reliance on more capital-intensive investments while firming renewables.

These technologies are largely complementary; any shortfall in one area would require additional investment
in another, and potentially significantly more in some cases, to cover any resulting gaps.

Market and technical reforms  for system services and two -way electricity flow

Often overlooked in the calls for large physical infrastructure is the need for technical assessment and
ingenuity in the way the power system of this scale is operated, made more complex by the demands of
two-way electricity flow. Significant market and technical reforms are underway to manage a secure and
efficient transformation to a low-emissions grid:

91 Significant market reforms have already been implemented. On 1 October 2021, AEMO and its
industry partners implemented Five Minute Settlement and Wholesale Demand Response in the NEM.
These major reforms provide better price signals for fast response and flexible technologies, and enable
businesses to provide peak shaving services in the spot energy market.

9 Further significant market reforms are underway. AEMO is working with the Energy Security Board
(ESB) and its members, the Australian Energy Regulator (AER) and Australian Energy Market
Commission (AEMC), progressing reform workstreams and associated initiatives, including:

& A capacity mechanism to create a clear, long-term signal for investment in both existing and new
dispatchable capacity. Enhancements to Medium Term Projected Assessment of System Adequacy
(MT PASA) are also in train to improve transparency of capacity which is available to the market.

0 Essential System Services ,topr ogress and deliver a number of init]
secure operation and unlock value for consumers, including system strength, frequency, operating
reserve and inertia.

0 DER Integration to ensure these resources are coordinated and aligned with system and market
signals, including through some active management for efficient operation and export.

0 Transmission reform and congestion management mechanism, to consider the case for a
congestion management mechanism to improve market signals for generator connections.

The AEMC6s Transmission Planning and I nvestment Revi
transmission infrastructure can be delivered in a timely and efficient manner to meet decarbonisation
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objectives, by proposing amendments to the existing regulatory framework to better facilitate key
enablers such as social licence, an appropriate economic assessment framework including cost
estimation accuracy, financeability and cost recovery. Incremental reforms will be proposed towards the
end of 2022, while longer-term reforms will be proposed in 2023.

1 Collaborative framework for power system requirements .AEMOOG6s Engi neer?emagesFr amew
industry participants to collaboratively define the operational, technical and engineering requirements for
the NEM's future, and informs the market reforms being undertaken by the ESB. It describes the initial
roadmap for preparing the NEM to operate under six operational conditions (including contributing to
100% instantaneous renewable energy potential by 2025) and prioritises an initial set of initiatives. To
ensure the NEM power system can operate securely with such high penetration of inverter-based
resources, the system operator and network service providers will need to uplift their capabilities in
operational systems, processes, real time monitoring and power system modelling. AEMO has developed
a strategic roadmap for this uplift®.

Transmission projects in the optimal development path

The new generation and storage opportunities above constitute the ISP development opportunities of the
optimal development path (ODP) to 2050. The ODP also identifies 10,000 km of new transmission to connect
these developments and efficiently deliver firmed renewable energy to consumers through the NEM. It
identifies projects that are actionable now as well as in the future, and is selected from candidates in
accordance with the Cost Benefit Analysis Guidelines made by the AER, as detailed in A E MO BB
Methodology.

Those projects, listed in Table 1 and set out visually in Figure 2 below, are categorised as:
1 Committed and anticipated projects already underway,
i1 Actionable projects, for which work should commence at the earliest planned time, and

1 Future ISP projects, which may include the need for the transmission network service provider (TNSP) to
undertake preparatory works or REZ Design Reports to enable more detailed consideration in the next
ISP.

All actionable projects should progress as urgently as possible. Their delivery dates are largely dictated by
their earliest practical delivery time as advised by the project proponents. In some cases, the optimal timing
would be earlier than what is achievable; in others, any earlier delivery would provide valuable insurance
against faster-than-expected coal closures or slower-than-expected VRE and storage development.

Support mechanisms such as the NSW Transmission Acceleration Fund, the Victorian Renewable Energy

Development Plan and the CommonwealthGov er nment 6 s R e wpolicyionogherjutisdictiosia t i o n
Government policies and approaches may be able to assist in earlier delivery.

2 See https://aemo.com.au/initiatives/major-programs/engineering-framework.
3 See https://aemo.com.au/initiatives/major-programs/operations-technology-roadmap.
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Table 1 Network projects in the ODP

Committed and anticipated ISP Projects Deliverydat e advised by project

VNI Minor: Victoriai New South Wales Interconnector Minor upgrade November 2022

Eyre Peninsula Link Early-2023

QNI Minor: Queensland i New South Wales Interconnector Minor Mid-2023

upgrade

Northern QREZ Stage 1 September 2023

Central West Orana REZ Transmission Link July 2025

Project EnergyConnect July 2026

Western Renewables Link July 2026

(formerly Western Victoria Transmission Network Project)

Actionable Projects To be progressed urgently 1 Actionable
latest delivery date Framework

HumeLink July 2026 ISP

Sydney Ring (Reinforcing Sydney, Newcastle and Wollongong Supply) ¥ July 2027 NSwW ¥

New England REZ Transmission Link July 2027 NSwW ¥

Marinus Link Cable 1: July 2029 ISP
Cable 2: July 2031

VNI West (via Kerang) July 2031, or earlier with additional ISP
support

Future ISP Projects

Interconnector projects: QNI Connect

New South Wales Projects: New England REZ Extension

Queensland Projects: Central to Southern Queensland, Darling Downs REZ Expansion, Gladstone Grid Reinforcement, Far North
Queensland REZ Expansion and Facilitating Power to Central Queensland

South Australia Projects: South East South Australia REZ Expansion, Mid North SA REZ Expansion
Victoria Projects: South West Victoria REZ Expansion

Additional projects to expand REZs and upgrade flow paths beyond 2040, which are highly uncertain and vary between scenarios

A Reflects the |l atest project timing for the full release of capacity as
y The New England REZ Transmission Link and Sydney Ring project are actionable NSW projects rather than actionable ISP projects. They will

progress under the Electricity Infrastructure Investment Act 2020 (NSW) rather than the ISP framework.

¥ The northern part of this project is named the Hunter Transmission Project and may include the Waratah Super Battery and related upgrades.
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Figure 2 Map of the network projects inthe optimal development path

COMMITTED &
ANTICIPATED

Development in progress

FUTURE ISP PROJECTS
Some investigations required to
refine these long-term projects

Shading is used to differentiate projects and staging.

\

Sydney Ring

Marinus Link
(cable 1)

A Additional projects to expand REZs and upgrade flow paths after 2040 are highly uncertain, vary significantly between scenarios, and are not
shown on this map. See Appendix 5 for more information.
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