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5.22.8. This report includes key information and context
Planning publications for the National Electricity Market (NEM).
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Anyone proposing to use the information in this publication (which includes information and forecasts from third parties)
should independently verify its accuracy, completeness and suitability for purpose, and obtain independent and specific
advice from appropriate experts. Accordingly, to the maximum extent permitted by law, AEMO and its officers, employees
and consultants involved in the preparation of this document:

I make no representation or warranty, express or implied, as to the currency, accuracy, reliability or completeness of the
information in this document; and

9 are not liable (whether by reason of negligence or otherwise) for any statements or representations in this document, or
any omissions from it, or for any use or reliance on the information in it.
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© 2023 Australian Energy Market Operator Limited. The material in this publication may be used in accordance with the
copyright permissions on AEMOG6s website
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Executive summary

Executive summary

The 2023 Inputs, Assumptions and Scenarios Report (IASR) details how AEMO will model the future in its
forecasting and planning publications for the rest of 2023 and into 2024. It has been developed through
collaboration with a broad range of industry participants, governments and consumer representatives. It reflects
stakeholder feedback and significant refinement of inputs and assumptions from workshops, webinars, public
forums, other engagements and more than 60 submissions to formal consultation.

Compared to the 2021 IASR scenarios (used in the 2022 Integrated System Plan (ISP)), the 2023 IASR scenarios
have been refined with respect to the economic and technological change expected over the coming decades,
consumer investment in consumer energy resources (CER), and electrification of other sectors to decarbonise.

Importantly, significant expansions in commitments to the energy transition to net zero by governments of
jurisdictions across the National Electricity Market (NEM) have occurred over the past 12 months. The 2023
scenarios therefore encompass higher minimum rates of decarbonisation than were included in the previous 2021
scenarios, while retaining a wide breadth of energy futures to investigate power system needs and impacts of the
energy transition.

Background and consultation
AEMO, through its forecasting and planning functions:

1 Models the future of the NEM power system using a wide range of input data and based on a range of
assumptions about which way the future may develop.

i1 Presents the forecasts based on a number of scenarios, with each scenario combining different assumptions
and inputs to show a possible future.

AEMO delivers a range of forecasting and planning publications for the NEM, including the NEM Electricity
Statement of Opportunities (ESOO), the Gas Statement of Opportunities (GSOOQ) for eastern and south-eastern
Australia, and the ISP.

AEMO updates inputs, assumptions and scenarios every two years incorporating stakeholder engagement across
industry, government and consumers. When relevant to AE
be updated as new data becomes available, government policy settings evolve, and stakeholders provide

feedback?.

AEMO published the Draft 2023 IASR for formal consultation in December 2022, and has used feedback received
from over 60 formal submissions, as well as the wealth of stakeholder insight provided across a range of
workshops, webinars, public forums and direct discussions, in preparing this final 2023 IASR.

This report is accompanied by a separate consultation summary report?, whi ch provi des AEMOOGs
of the extensive stakeholder feedback received throughout the consultation process on the Draft 2023 IASR,
including how the feedback has led to refinements of this 2023 IASR.

Y Inputs and assumptions are updated at least annually, with scenarios re-examined biennially.
2 At https://aemo.com.au/consultations/current-and-closed-consultations/2023-inputs-assumptions-and-scenarios-consultation.
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The scenarios and sensitivities

The IASR scenario set is designed to traverse a range of plausible futures for energy demand, and in how that
demand is satisfied. The pace of decarbonisation differs across scenarios, in concert with other scenario settings,
to achieve a set of internally consistent possible future worlds. It is important to recognise that there are many
potential futures, and that the final scenarios are used by AEMO to fulfil its role in developing forecasting and
planning publications, and in doing so, inform government, industry and consumers of the risks and opportunities
associated with the energy transformation.

The broad and deep push to decarbonise across jurisdictions reduces some of the uncertainty faced by AE MO s

previous IASR publications. Due to the rapid pace of ongoing policy development, policies that meett he &épubl i ¢
pol i cy ofale Rules, erovhere jurisdictions have demonstrated clear pathways to AEMO to meeting this
clause prior to publication of the 2024 ISP, have been includedinthep ol i cy col l ection infl uer

planning functions.

Figure 1 ~ 2023-24 scenarios

(e

Green Energy
Exports

Australia’s Decarbonisation

Progressive
Change

Energy sector contribution to decarbonisation (NEM states)

AEMO has synthesised stakeholder feedback and refined the four draft scenarios into three (shown in Figure 1):

1 Green Energy Exports 1 refines the 2021 Hydrogen Superpower scenario. This scenario reflects very strong
decarbonisation activities domestically and globally to limit temperature increase to 1.5°C, resulting in rapid

transformati on of Auyisdudirgk strany sse ef alectrifigation,sgeenthyadmgen and
biomethane.

i1 Step Change 71 refines the 2021 Step Change scenario. This scenario is centred around achieving a scale of
energy transformation that supports Au st r al i a 6 s limitng glabal teraperatwenrisettmbelow 2°C
compared to pre-industrial levels (and may be compatible with 1.5°C pathways for the NEM as well, depending
on actions taken by other sectorsof Au st r al i a 6.dikeahe 8021olABR Step Change scenario, this
scenario relies on a very strong contribution from consumers in the transformation, with rapid and significant
continued investments in CER which are highly orchestrated through aggregators or other providers with the
benefits passed on to consumers. There is also strong transport electrification, as well as opportunities for

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 4
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Australiads | arger i ndust r iossedewlopn leydragenipfoductiono r educe e
opportunities or other low emissions alternatives to support domestic industrial loads.

1 Progressive Change 1 explorest he chall enges of meeting Australiabs ¢
of 43% emissions reduction by 2030 and net zero emissions by 2050. In this scenario, transformational energy
sector investments continue, but economic and international factors place industrial loads at greater risk.
Higher technology costs and supply chain challenges relative to other scenarios slow the pace of change
compared to other scenarios.

Table 1 below provides a high-level comparison of key scenario settings at a given future year, in this case in
2040. For ease of understanding the relative scale of activities, investments or opportunities, a reference value
typically reflecting the current level is also provided to compare with the settings at 2040.

Reference value ‘(% @ 6

for scenarios

Table 1 Scenario comparison at 2040

Green Energy Step Change Progressive
Exports Change
Electrification and energy efficiency savings
% of road transport that is EV 2022-23: <1 72 60 32
% of residential E Vs still relying on 2022-23: ~75 38 46 56
convenience charging
Business electrification (TWh) Max. potential: 41 A 36 25 20
% increase from current business n/a 26 18 15
consumption
Residential electrification (TWh) Max. potential: 12 # 9 9 6
% increase from current residential n/a 16 15 11
consumption
Energy efficiency savings (TWh) n/a 41 36 26
Underlying consumption
NEM underlying consumption (TWh) 2022-23: 193 345 299 230
Hydrogen consumption (domestic) (TWh) 2022-23: 0 50 28 15
Hydrogen consumption (export, including 2022-23: 0 183 7 0
green steel) (TWh)
Total underlying consumption (TWh) 2022-23: 193 578 335 246
Supply
Distributed PV generation (TWh) 2022-23: 24 92 77 45
% of household daily consumption 2022-23: 1% 22% 21% 3%
potential stored in batteries
% of underlying consumption met by = CER 2022-23: 12% 16% 23% 18%
Share of electricity emissions in economy - CY2021: 36% 1% 1% 9%
wide emissions (NEM states only)
Estimate of NEM emissions production (MT CY2021: 132 2 1 22

COz-e)

Note: Totals tabulated above may not tally due to rounding.

A. For the purposes of this table, the dédmaxi mum pot e Gteen&hergeBxmostscenafioo c at i on
This scenario assumes that residential buildings are able to fully electrify by 2050 and that industries that are theoretically able to electrify have adopted

those electrification technologies by 2050. In this way, the 2040 electrification values for each scenario can be put into context by comparing to this

6maxi mum potenti al electrificationd value.
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The Slow Change scenario described in the 2021 IASR and 2022 ISP is no longer consistent with the pace of
transformation required by the collection of policies f.
activities conducted prior to the release of the Draft 2023 IASR, a majority of stakeholders supported the Slow

Changes c e nar i o § sonsistentnvaith its bery low relative likelihood in the 2022 ISP.

Whil e scenarios are fundamental to AEMOGs idtsdar seesiiviiyt i ng a |
analysis to explore uncertainties pertaining to key assumptions. Stakeholders also identified many planning

influences and assumptions that they considered deserved special consideration and analysis in the IASR and

ISP, with many recognising that sensitivities are a targeted way to conduct such analysis.

AEMO considers the following sensitivities address key uncertainties:

1 Rapid Decarb onisation examines the impact of bringing forward decarbonisation of the NEM, by applying the
more aggressive emissions abatement pathway from the Green Energy Exports scenario.

i Electrification Alternatives examines the role of biomethane in a world where industrial electrification is
delayed and reduced relative to the Step Change scenario.

1 Low CER Orchestration examines the impacts of reduced effectiveness of consumer investment
orchestration via virtual power plants (VPPs) than in the Step Change scenario.

1 Reduced Energy Efficiency supports the evidence base for energy efficiency programs by providing an
examination of the investments that may be avoided by delivering the forecast growth in energy efficiency.

1 Higher Discount Rate and Lower Discount Rate will demonstrate the sensitivity of investment decisions for
long-lived assets with different settings for valuing future benefit streams.

1 Constrained Supply Chains, exploring the costs and potential benefits of a less volatile annual rate of
transition, from lesser supply chain capacity and more limited workforce availability.

AEMO also intends to include a sensitivity that explores risks relating to social licence, and has established an
Advisory Council on Social Licence to assist in understanding social licence issues facing the energy transition for
consideration in development of the ISP.

In examining three scenarios, increased consideration of these key uncertainties will be important, including
dimensions of the scenarios that are uncertain but potentially impact planning requirements and investment
needs. This is particularly important for the ISP, where sensitivity analysis enables evaluation of the robustness of
the | SP6s opti mal devel opment path (ODP).

Summary of key i nputs and assumptions

This 2023 IASR and associated 2023 IASR Assumptions Workbook provide detail on the inputs and assumptions
associated with each scenario. Below is a summary of some of the key inputs and assumptions.

Policy settings

AEMO is using the following federal and state public policies® in all scenarios.

3 These policies meet, will meet, or are likely to meet the public policy clause criteria set out in the National Electricity Rules (NER) 5.22.3(b),
which outlines which environmental or energy policies AEMO may consider in developing the ISP.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 6
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Table 2 Policies used in all scenarios
Policy type Policies included
Emission reduction 1 Federal i Emission reduction of 43% below 2005 levels by 2030 and net zero by 2050 under the Climate
policies Change Act (2022) ( Co.t h)
9 New South Wales i Emission reduction targets of 50% by 2030 and net zero by 2050 (legislation is
pending).

9 South Australia i target of 60% (40% of 1990 levels) by 2050 under the Climate Change and
Greenhouse Emissions Reduction Act 2007.

9 Victoria i target of 28-33% below 2005 levels by 2025, 50% by 2030, 75-80% by 2035 and net zero by
2050underVi ct or i ads Cl i ma;tamd thE metzerg emisgion targe2 ifly POAS that is
intended to be legislated.

Renewable energy targets 9 Federali Compl ementing the 2030 emissions target is
achieve an 82% share of renewable generation by 2030, announced in the Powering Australia Plan®.

1 New South Wales i new renewable generation that can produce the same electricity as 8 GW in New
England REZ, 3 GW in Central-West Orana REZ, and 1 GW elsewhere by end of 2029 under the New
South Wales Electricity Infrastructure Investment Act 2020 (NSW Ell Act).

9 Queensland i expansion of the Queensland Renewable Energy Target (QRET) to 50% by 2030, 70% by
2032, and 80% by 2035 under the Queensland Energy and Jobs Plan (QEJP); legislation is under
consultation.

9 Tasmaniai target of 150% of consumption by 2030 (on 2020 levels) and 200% by 2040 under the
Energy Co-ordination and Planning Amendment (Tasmanian Renewable Energy Target) Act 2020.

9 Victoria i Victorian Renewable Energy Target (VRET) of 40% by 2025, 50% by 2030 under the
Renewable Energy (Jobs and Investment) Act 2017, and intentions to update VRET with 65% of the
stateds generation to come from VRE by 2030 and

Storage targets 9 New South Wales i target of 2 gigawatts (GW) of deep storage by 2030 under the NSW EIl Act.

9 Queensland i Development of Borumba Pumped Hydro Energy Storage (now classified as an
Anticipated pr o jgenerdtioncomthignient &ieMa®.s 6

i Tasmania i Battery of the Nation will be considered as a generation development option.
9 Victoria i Storage targets of 2.6 GW by 2030 and 6.3 GW by 2035 (legislation is pending).

Offshore wind targets 9 Victoriai 2 GW by 2032, 4 GW by 2035, and 9 GW by 2040 as stated in the Offshore Wind Policy
Directions Paper and Implementation Strategy Statements One and Two (legislation is pending).

Hydrogen policies 9 New South Wales i Renewable Fuels Scheme (legislated in 2021 and is expected to start in 2024) of
the NSW Hydrogen Strategy.

1 Queensland i The QEJP has allocated funding to support the Kogan Renewable Hydrogen Project®.

9 South Australia i Hydrogen Jobs Plan, which includes a 250 MW electrolyser and a 200 MW hydrogen-
capable generator, that has significant budget commitments.

Transmission support 9 New South Wales i Consideration of various transmission development options under the NSW

policies Electricity Infrastructure Roadmap, including Renewable Energy Zone network infrastructure projects
and priority transmission infrastructure projects (PTIPs) under the NSW Ell Act. Waratah Super Battery
System Integrity Protection Scheme will be treated as a committed project, and Central-West Orana
Transmission Project will be treated as an anticipated project.

9 Queensland i Consideration of various transmission development options and Queensland Renewable
Energy Zone (QREZ) infrastructure, as described in the SuperGrid Infrastructure Blueprint and
Queensland Renewable Energy Zone (QREZ). CopperString 2032 will be treated as an Anticipated
project with the Townsville to Hughenden connection being modelled quantitively as a REZ network
expansion.

9 Victoria i Consideration of various transmission development options, including coordinating the
planning and development of REZs through VicGrid, supported by the National Electricity (Victoria) Act

4 Available at_https://www.energy.gov.au/government-priorities/australias-energy-strategies-and-frameworks/powering-australia.

5 Projects are modelled as committed or anticipated based on criteria covering five areas of development: land/site acquisition, contracts for
major components, planning and other approvals, financing, and construction.

5 See https://www.treasury.qld.gov.au/programs-and-policies/queensland-renewable-energy-and-hydrogen-jobs-fund/.
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Policy type Policies included

2005 (NEVA). The Western Renewables Link and the Mortlake Turn-in will be treated as an Anticipated

projects.
Transmission land holder 1 Payment schemes that compensate landholders for hosting transmission infrastructure in addition to the
payment schemes compensation provided through conventional land acquisition frameworks:

i New South Wales i Strategic Benefit Payments Scheme.
i Queensland i SuperGrid Landholder Payment Framework.
i Victoria i Landholder Payments For A Fairer Renewables Transition.

Energy Efficiency policies 9 Federal i Building Code of Australia (BCA) 2010, the National Construction Code (NCC) 2019, NCC
2022, National Australian Built Environment Rating Systems (NABERS), Energy for Offices and
Commercial Building Disclosure (CBD) and Equipment Energy Efficiency (E3) program (or Greenhouse
and Energy Minimum Standards [GEMS]).

9 New South Wales i Energy Efficiency Scheme (ESS) and Peak Demand Reduction Scheme (PDRS)
under the New South Wales Energy Security Safeguard.

9 Victoria i Victorian Energy Upgrades (VEU) program
9 South Australia i South Australian Retailer Energy Efficiency Scheme (SA REES)

Other government policies 9 Safeguard Mechanism, the Capacity Investment Scheme, and the re-development of publicly owned
coal-fired generation in Queensland into clean energy hubs (as defined in the QEJP).

The scenarios also consider various other jurisdictional subsidies, programs and schemes that impact on
consumer energy resources, and other influences that affect the scale and shape of c 0 n s u norgoisgéise of
energy, including the role for fuel-switching between energy sources.

Electrification and other decarbonisati on levers

Electrification refers to the process of fuel-switching from fossil fuels such as oil, coal or natural gas to using
electricity. A key driver for the energy transitioni s A u s goal éoldévelop a net zero economy, and
electrification is forecast to provide a significant contribution to that outcome. This includes:

1 Transport (electric vehicles (EVs)) is the main driver of electrification across scenarios.
1 Industry (primarily manufacturing and mining) makes up the bulk of electrification other than EVs.

i Victoria has the largest share of residential electrification in the scenarios, due to its current high level of gas
use for residential heating.

Other activities and investments are alsor equi red across Australiabs economy,
explore different levels of use of these other levers, including energy efficiency investments, direct emissions

offsets (from improved land use and sequestration activities), and other activities that will affect consumersoéuse of

fossil fuels.

Technology and fuel costs

The GenCost 2022-23 Final report?, published by the CSIRO and AEMO, highlights the increase in build costs for
most technologies that is expected to take place over the next few years as a result of supply chain constraints
and inflationary pressures. These cost pressures are projected to continue over the medium term.

7 At https://www.csiro.au/en/research/technology-space/energy/energy-data-modelling/gencost.
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Renewable energy zones

Stakeholders including state governments have helped AEMO refine and expand modelling inputs related to
REZs. Inputs have been updated to reflect new REZs, redefine existing REZs, update offshore REZ resource
limits and include new transmission limits.

Transmission augmentation options and costs

Transmission network expansion is a key input , enabling increased transfer capacity for REZs and the backbone
of the interconnected network, a key need to enable the energy transition. The 2023 Transmission Expansion
Options Report forms part of the 2023 IASR. It describes the engagement of independent experts and provision of
industry and stakeholder advice, culminating in a report summarising the conceptual design, lead time, location
and project cost estimates (including network augmentation costs, connection costs and system strength
remediation costs) for candidate transmission projects to inform the development of the 2024 ISP.

Next steps

AEMO will use these inputs, assumptions and scenarios in its planning work including in developing the 2023
ESOO in August 2023, the Draft 2024 ISP due in December 2023, the final 2024 ISP due by June 2024 and the
2024 GSOO due in March 2024.

AEMO publishes all relevant and material milestones for the ISP in its ISP Timetable?; stakeholders may review
this information, which is updated as needed on the timing of the ongoing ISP activities. AEMO also publishes
opportunities for engagement® that stakeholders may also wish to get involved in.

8 At https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp.

9 See https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp/opportunities-for-
engagement.
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Introduction

1 Introduction

AEMO develops publications that provide stakeholders with key forecasting and planning advice, including:

i Electricity Statement of Opportunities (ESOO) i provides operational and economic information about the
National Electricity Market (NEM) over a 10-year outlook period, with a focus on electricity supply reliability.
The ESOO includes a reliability forecast identifying any potential reliability gaps in the coming five years, as
defined according to the Retailer Reliability Obligation (RRO). The final five years of the 10-year ESOO
forecast provide an indicative forecast of any future material reliability gaps. The ESOO also includes 20-year
forecasts of annual consumption, maximum demand, and demand side participation (DSP). It is published
annually, with updates if required.

1 Gas Statement of Opportunities (GSOO)i pr ovi des AEMOb6s forecasts of annua
maximum gas demand and uses information from gas producers about reserves and forecast production, to
project the supply-demand balance and potential supply gaps over a 20-year outlook period in eastern and
south-eastern Australia. It is published annually, with updates if required.

1 Integrated System Plan (ISP) i is a whole-of-system plan that efficiently achieves the power system needs of
a transforming energy system in the long-term interests of consumers. It serves the regulatory purpose of
identifying actionable and future ISP projects, as well as the broader purposes of informing market participants,
investors, policy decision-makers and consumers. It provides a transparent roadmap over a long-term horizon,
optimising net market benefits while managing the risks associated with the change necessary to facilitate the
NEMOs ener g.AEMOrpaeblisbed thé imangural ISP for the NEM in 2018, and publishes it every two
years, requiring action to be taken by the relevant transmission network service providers and Joint Planning
Bodies under the ISP framework

AEMO typically forecasts and models the future in these publications through a scenario planning approach.

This report documents the scenarios, and their respective inputs and assumptions, that are used in this modelling.
The scenario set traverses a range of outcomes based on key uncertainties facing the energy sector as it
decarbonises:

1 The pace of decarbonisation of the Australian economy, and the role that the energy sector plays in enabling
the transition to a net zero economy.

i1 The role of consumers in supporting the decarbonisation through ongoing uptake of consumer energy
resources (CER), and the potential of those resources to be coordinated through virtual power plants (VPPs).

1 The scale and speed of electrificat ion (switching from other fuels to electricity) in the consumer, business,
industrial and transport sectors. These sectoral transformations may bring significant change to the traditional
way industry, business and consumers use energy.

1 The community benef its and impacts of the energy transition , including broad economic growth
opportunities, as well as the appetite or reluctance for new energy infrastructure needed to decarbonise the
NEM.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 11



Introduction

1 The uptake of hydrogen , its derivations, and other renewable fuels such as biomethane to complement
electrification activities to decarbonise the economy and provide potential green export commodity
opportunities.

The scenarios are of critical | mpor t aalang butasoidtBeMOO6s pl an:
regulatory investment test for transmission (RIT-T) assessments conducted by transmission network service
providers (TNSPs).

The information in this report is supported by the 2023 IASR Assumptions Workbook, which provides more
granular detail about the inputs and assumptions for use in 2023-24 forecasting, modelling, and planning
processes and analysis.

The IASR Consultation Summary Report (Consultation Report) complements this report, highlighting the breadth
of stakeholder feedback received throughout the development of this 2023 Inputs, Assumptions and Scenarios
Report IASR)and AEMOO& s ¢ o n s i,dns responisenta) the feedback.

The use of scenarios is enhanced by sensitivity analysis. Sensitivities describe the outcomes where a scenario
has a limited number of its parameters varied. AEMO, with stakeholder input, has developed a set of sensitivities
that support the assessment of how forecasting and planning results might differ if a key assumption differed.

All dollar values provided in this report are in real 2023 Australian dollars unless stated otherwise.

1.1  Consultation process

AEMO strongly believes that engaging with stakeholders on planning inputs, assumptions and methodologies is
essential to enable appropriate actions by stakeholders, policy-makers and broader consumers. Being
transparent, collaborative and stakeholder-f ocused i s, therefore, one d%¥ AEMOOGS

In developing this 2023 IASR, AEMO has consciously sought to meet and exceed the requirements to develop,
consult on, and publish the | ASR i n acc(hER)aaerecastingBesth t he
Practice Guidelines'™*. Whi | e t hese Guidelines require AEMO to follow
AEMO has preferred more regular consultation and engagement than the minimum requirement, using both

formal and informal channels to seek and to consider stakeholder feedback, improve transparency and clarity

around the ISP decision-making process, and validate that changes made in response to stakeholder feedback

are appropriate. To achieve this, AEMO has undertaken a variety of stakeholder engagement processes,

including:

1 Involving stakeholders in the development stages of select inputs, assumptions and scenarios, prior to
publishing the Draft 2023 IASR, and following it, particularly in the Forecasting Reference Group!? (FRG), an
open forum that provides AEMO and stakeholders an opportunity to engage on key inputs as they are under
development.

1 A single stage consultation process to obtain stakeholder feedback on the Draft 2023 IASR, consistent with the
AERG6s Forecast i @uidelis.st Practice

10 Priority 3: Engaging our stakeholders. See AEMO Corporate Plan FY 2023, 15, at https://aemo.com.au/-/media/files/about _aemo/corporate-
plan/2022/fy23-aemo-corporate-plan.pdf.

11 At https://www.aer.gov.au/system/files/AER%20-%20Forecasting%20best%20practice%20guidelines%20-%2025%20August%202020.pdf.

2 See https://aemo.com.au/en/consultations/industry-forums-and-working-groups/list-of-industry-forums-and-working-groups/forecasting-
reference-group-frg.
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1 Webinars to explain how AEMO perceived stakeholder feedback and inform how the feedback resulted in
updates to the scenarios and their inputs and assumptions.

1 Numerous meetings with stakeholders including distribution network service providers (DNSPs), the Clean
Energy Investment Group, and the AER.

1 Regular engagement with the ISP Consumer Panel to consult on the scenarios, sensitivities, and assumptions,
ensuring that the Panel 6s experience and consumer pers
in developing this 2023 IASR.

The Consultation Report published alongside this IASR provides a detailed summary of the consultation process
undertaken in the development of this report. The Consultation Report explains how engagement with
stakeholders has shaped the scenarios, as well as the inputs and assumptions. The report provides detailed
responses to all material issues raised in written submissions and in verbal feedback sessions with consumer
representatives. This 2023 IASR should be read in conjunction with that Consultation Report.

The 2023 Transmission Expansion Options Report was consulted on separately and is released in parallel to the
IASR. The reference for the stakeholder engagement is summarised in Table 6 in the Transmission Expansion
Options Report.

Table 3 below summarises key engagement activities conducted to support the development of this 2023 IASR?3.

Table 3 Stakeholder engagement on the 2023 IASR

Scenarios webinar 1 13 July 2022
Scenarios webinar 2 31 August 2022
FRG meetings on draft component forecasts 31 August, 21 and 28 September 2022
Release of Draft IASR 16 December 2022
What the ISP means for consumer s 24 January 2023
Draft IASR webinar 2 February 2023
Consumer advocates verbal submission session 9 February 2023
Submissions close on Draft IASR 16 February 2023
Draft 2023 IASR submissions reflections webinar 22 March 2023
Scenarios and sensitivities update webinar 15 June 2023
2023 |ASR publication 28 July 2023

The Draft 2023 IASR documented the draft of inputs, assumptions and scenarios, including information available
at that time, with the report noting which information would change over time. This final 2023 IASR now reports
the updated results.

13 Presentations and recordings of webinars are available at https://www.aemo.com.au/energy-systems/major-publications/integrated-system-
plan-isp/2024-integrated-system-plan-isp/opportunities-for-engagement.
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2 Scenario s

The use of scenario planning is an effective practice when planning in highly uncertain environments, particularly
through disruptive transitions. Scenarios therefore should purposefully cover the breadth of potential and plausible
futures impacting the energy sector, and capture the key uncertainties and material drivers of these possible
futures in an internally consistent way. AEMO uses scenario modelling to assess costs, risks, opportunities, and
development needs through the energy transition, in the long-term interests of consumers.

The 2023 IASR scenarios enable this by intentionally varying combinations of inputs associated with major
sectoral uncertainties, including:

1 The health and evolution of the Australian economy, and its impact on energy consumption.

1 The decarbonisation pathway for the Australian economy as it transitions to net zero emissions, with specific
focus on the transformation on the energy sector.

1 Thescal e and pace of el e adasidentilicomanercia, mdustral adduransportation sedioss

(and others)as a key driver of the energy sectords transform

I The scale of CER, which comprise small-scale embedded generation and storage technologies, such as
residential and commercial photovoltaic (PV) systems, battery storage, and electric vehicles (EVs). CER also
refers to other resources that enable greater demand flexibility.

i1 Progress and cost outlooks for enabling technologies across electricity generation, storage and CER.

T The role of emerging energy technologies affecting Aus
including hydrogen and manufactured products that utilise it (such as green steel and ammonia products), and
other technologies (such as biomethane) that may impact the emissions intensity of energy.

In developing the set of scenarios, and having regardtothe AERO6s Cost Benefit CBMmalysis C
Guidelines)*, AEMO has considered several core principles for scenario development. The scenarios should be:

1 Internally consistent 1 the underpinning assumptions in a scenario must form a cohesive picture in relation to
each other.

Plausible T the potential future described by a scenario narrative could come to pass.
Distinctive 1 individual scenarios must be distinctive enough to provide value to AEMO and stakeholders.

Broad i the scenario set covers the breadth of possible futures.

= =A =4 =

Useful T the scenarios explore the risks of over- and under-investment.

2.1  Stakehol ders have provide d input in developing the scenarios

The scenarios maintain similaritywi t h AEMO®&s previous scenarios, devel opec
and applied in 2022 forecasting and planning publications, including the 2022 ISP, ESOO and GSOO.

Stakeholders have provided feedback to AEMO that retaining and evolving existing scenarios in planning the

energy transition is generally preferred, compared to developing entirely new scenarios. Scenario longevity,

14 At https://www.aer.gov.au/system/files/AER%20-%20Cost%20benefit%20analysis%20quidelines%20-%2025%20August%202020.pdf.
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where appropriate, allows for increased comparison of modelling outcomes and insights to support stakeholder
decision-making. For example, the 2024 ISP Consumer Panel noted that there fimay be value in seeking to retain
the same scenarios for at least two ISPs3®.

Stakeholders providedsi gni fi cant feedback on the breadth and ambi ti
2023 IASR consultation. Through this engagement, AEMO has adapted the scenario collection to consolidate the

primary scenarios presented here and enable increased insight from sensitivity analysis that can complement the

scenarios.

AEMO also recognises that some changes to the scenario collection have been necessary to ensure the

collection keeps pace with the energy market transformation. For example, the ambition of governments to

increase the pace and commitment to decarbonisation has allowed AEMO to removethe2 021 | 3I&R 06 s

Change scenario from the collection, as it is no longer consistentwithAu st r al i a 6 s otcaositianitotnehe nt t
zero. Other changes relative to the 2021 IASR scenarios are explained in each scenario description.

2.2  Scenario narratives and descriptions

AEMOOG s s cezamme thedusure needs of the power system, and enable evaluation of the investments
required to support the energy transition to net zero emissions. The scenarios are intentionally diverse, reflecting
a range of current and future trends in energy consumption, consumer energy investments, and technology costs.
All policies that meet the relevant requirements are included (see Section 3.1).

AEMOOGs revised set sdundamentalthames describeddn the 2021 saenario collection, but
reflects reduced uncertainty regarding the pace of decarbonisation for the energy sector, particularly since
Australiabs commitment t o mmatedzoenmitmerdsnio the ParioAgeement: 2050 an

l

Green Energy Exports 1 reflects very strong decarbonisation activities domestically and globally aimed at

limiting temperaturei ncr ease to 1.5AC, resulting in rapid transfo
a strong use of electrification, green hydrogen and biomethane. The NEM electricity sector plays a very

significant role in decarbonisation.

Step Change 1 achievesa scal e of energy transformation that supp:«
global temperature rise to below 2°C compared to pre-industrial levels. The NEM electricity sector plays a

significant role in decarbonisation and the scenario assumes the broader economy takes advantage of this,

aligning broader decarbonisation outcomes in other sectors to a pace aligned with beating the 2°C abatement

target of the Paris Agreement. The NEMO6 s croay bercomipatililel withna 1.5°C abatement level, if

stronger actionsaret aken by ot her sect orssi noufl tAaunsetoruasl iwaiodtsh etchoen o\
decarbonisation. Consumers provide a strong foundation for the transformation, with rapid and significant

continued investments in highly orchestrated CER, including electrification of the transportation sector.

Progressive Change 7T meetsAustr ali ads current Paris Agreement comm
by 2030 and net zero emissions by 2050. This scenario has more challenging economic conditions, higher
relative technology costs and more supply chain challenges relative to other scenarios.

The scenario collection spans a range of futures, considering a broad set of inputs. The scenarios include

consideration of the role and influence of policy, regulatory, commercial and consumer level decisions on the pace

152022 ISP Consumer Panel, Report on AEMOOGs | ASedpteniber2021, p 38, alh@pd:ZaenhoSdn.au/-/media/files/major-

publications/isp/2021/isp-consumer-panel-report-on-2021-iasr.pdf.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 15


https://aemo.com.au/-/media/files/major-publications/isp/2021/isp-consumer-panel-report-on-2021-iasr.pdf
https://aemo.com.au/-/media/files/major-publications/isp/2021/isp-consumer-panel-report-on-2021-iasr.pdf

Scenarios

and breadth of the energy transition, and scenario narratives respect both domestic and international influences,
such as population growth, consumer investments, supply chains and international demand for green energy.

The scenario dimensions are internally consistent, but there could conceivably exist many different combinations
that are also plausible futures. The scenario set is not intended to predict only those inputs that are likely and their
combinations. For example, a slow domestic economy can still benefit from fast technological progress
internationally, or targeted developments domestically, and therefore contrasting scenario dimensions are
possible and plausible. Various dimension combinations can be constructed to produce similar high-level impacts
depending on the balance of countervailing inputs. This 2023 IASR collection has preferred a more linear
relationship with the dimensions, to increase the ease of understanding and comparing scenarios, rather than it
reflecting that AEMO or stakeholders have considered that the inputs must align in that manner.

Scenario likelihoods

AEMO recognises the energy transition is well underway, yet numerous uncertainties remain influencing the
scale and likelihood of various actions that will drive a faster or slower pace of continuing change in the
NEM and Australiabs broader energy mar kets

For the 2022 ISP, AEMO conducted a Delphi Panel of experts to assist in the determination of scenario
likelihoods. AEMO will again engage with stakeholders prior to the Draft 2024 ISP to refresh the scenario
likelihoods for the 2023 IASR scenario collection. This collaborative approach will ascertain the appropriate
new weightings for these scenarios, settings that are crucial to ensure that the investments needed to
address the pace and scale of the energy transition are appropriately considered.

Event-driven scenarios

Event-driven scenarios may be deployed to explore clearly observable and reasonably probable independent
events or investment decisions that may materially change the benefits of a candidate development path in the
2024 ISP. These events may occur in any future world, and may serve as a sign-post to pivot from one
development path to another.

If relevant, AEMO may examine and explore the possibility for an event-driven scenario(s) to complement or

substitute for any of the three core scenarios, i n t he event that t hearednpaceedlyaenar i
given event. This approach may enable AEMO to recommend consideration of these in subsequent regulatory

analyses conducted by TNSPs.

For the 2024 ISP, AEMO will examine potential events that may increase, or reduce, the need for transmission
investments. For example, stakeholders have identified significant consumer load growth opportunities for new
industrial, mining and manufacturing loads in regional South Australia. These may need transmission investment
to support efficient and effective operations. AEMO will explore whether such an event i that is, the potential
commitment of significant new loads beyondt he ¢ or e goovth and eléctdfisadion forecasts i would
support alternative development preferences.

Comparing to the 202 1 IASRscenarios

I n consultation with stakeholders, and in response to f
Draft 2023 IASR, AEMO has consolidated the four-scenario collection from the 2021 IASR, to three scenarios.
The previous Slow Changehas been withdrawn as it no |l onger is inter
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emissions reduction ambitions and commitments. Stakeholders generally supported this decision in the Draft
2023 IASR consultation submissions, reflective of the relatively low scenario weighting determined for the 2022
ISP for this scenario.

The adjusted scenario collection compares with the 2021 IASR scenarios as follows:

1 The Green Energy Exports scenario refines the 2021 IASR Hydrogen Superpower scenario, again reflecting
very strong decarbonisation activities, resulting in r
strong shift towards electrification. The scale of hydrogen production expected to connect to the NEM is lower
than in the 2021 IASR Hydrogen Superpower scenario.

1 The Step Change scenario remains very similar to the 2021 IASR Step Change scenario, with strong action
on climate change at utility and consumer scale. It once again features highly engaged energy consumers,
with CER investments that are predominantly orchestrated to maximise system efficiency. Like in the 2021
IASR Step Change, the scale of electrification across other sectors is high, with relatively fast commitments
made by industry and consumers to reduce emissions levels where alternative energy sources exist.

1 The Progressive Change scenario features slower economic growth and load risks (similar to the 2021 IASR
Slow Change scenario), and only modest technology cost change (reflecting the 2021 IASR Progressive
Change scenario). The scenario incorporates decarbonisation investments at a pace of uptake consistent to
meet national and state-based policy, including Australiads 43% emi
of investment will yield a faster pace of transition than the 2021 IASR Slow Change scenario.

2.2.1 Green Energy Exports

A scenario with very rapid and widespread transformation of the economy making a very significant
contribution from the electricity sector aimed at achiev ing a temperature rise limited to 1.5°C. Consumer
investments are very high, and global demand for gree n energy contributestoa new and very strong
green energy export economy.

Scenario purpose

To test the implications and needs of the power system experiencing very rapid change to decarbonise and
support a technical expansion of the economy to realise the benefits of Au s t r eehewadblé generation
potential, supporting a hydrogen economy and the flow-on benefits to economic growth for domestic
consumers having access to alternative green energy sources (for example, increasing local manufacturing
opportunities).

This scenario represents a world with very rapid action towards decarbonisation, technology cost improvements,

and robust domestic and international economic outcomes. Technology cost reductionsi mpr ove Austr al i
capacity to expand fAgreen commodityo0 eirtgnsive preductsisuctcas udi ng
green steel, supporting stronger domestic economic outcomes relative to other scenarios. The availability of low-

cost and low emissions energy, support domestic energy consumers as well as international customers,

supplementing declining exports of traditional emissions-intensive resources from global decarbonisation efforts.

While well beyond current levels, this scenario has rapid investment in decarbonisation investments. For
consistency, there is a high degree of electrification and energy efficiency investments across many sectors, and
consumers further increase their investment in consumer energy resources (including electrified vehicles), and
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energy efficient homes. The transport sector, in particular, rapidly embraces electric and hydrogen-fuelled options
to decarbonise both light and heavy vehicle fleets.

The energy transition in Australia is in step with actions globally, which are assumed to be occurring at a
commensurate level. A mixture of electrified and molecular energy options enables consumers of all types
(residential, commercial and industrial) to decarbonise efficiently at a greater level than is currently occurring.

2.2.2 Step Change

A scenario with strong industry and consumer energy investments to decarbonise , and actions to lower
emi ssi ons acr oe&m®noy abve @aldrentdedets. In this scenario  the NEM provid es a strong
and economy -enabling contribution to that purpose through a fast -paced transformation

Scenario purpose

To test the needs in the power system to support strong decarbonisation of the electricity sector, supporting

other sectors decarbonising their current energy activities through electrification. Consumers increase their

investment in CER, with high success in orchestrating these consumer investments for the benefits of power
system security and reliability.

This scenario includes growing momentum to embrace a step change from the status quo, increasing the pace of

the transition in the energy sector to support an economy-wide transition to net zero. Domestic and international

action increases to achieve the minimum objectivesofnot only Austral i absthe®Parisrent co
Agreement, but the longer term goal of contributing to the limiting of global temperature rise to well below 2°C

compared to pre-industrial levels. Economy-wide decarbonisation investments increase at pace above current

levels, with faster and deeper cuts to emissions across the economy aligned to beating the objective to limit

temperature rise to well below 2°C. With a relatively fast pace of transformation affecting the NEM, it may be

compatible with even greater limitation of temperature rise to 1.5°C, if even more rapid and widespread

complementary actionwast aken by other sectors of Australiabs econo

In this scenario, moderate growth in the global and domestic economy underlies the appetite to address climate
change and provides a supporting environment for the development and uptake of relevant technologies.

Under the Step Change scenario, rapid transformation of the energy sector is enabled at utility scale by assumed
continued cost reductions for renewable energy investments, and strong consumer appetite and willingness to
invest to contribute directly through high uptake of CER, and electrified transport. Successful coordination of CER
is assumed to be facilitated as consumers shift to this new innovative use of behind-the-meter assets, with an
assumption of growing savings through energy efficiency measures.

It is also assumed that consumers and industry consolidate their energy supplies, with high growth in
electrification and changing solutions for consumers in improved building design, smart appliances, and
digitalisation that help consumers manage energy use.

Under this scenario the scale of hydrogen production in the NEM is limited, with significantly less availability than
the Green Energy Exports scenario.
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2.2.3 Progressive Change

A scenario that assumes ongoing challenges in global economic conditions that limits broader actions

that could increase the current pace ofchange of Austral i abds t r.dhesdaléodf astiont o net
therefore focuses on achieving current domestic and global policy  objectives . Under this scenario the

pace of decarbonisation across the economy may be inconsistent with  limiting temperature rise to below

2°C by 2100 even if current energy sector objectives are met . Consistently, under this  scenario, less

ambitious actions are taken in other sectors of the economy , there are assumed to be significant supply

chain constraints, and/or more measured global action.

Scenario purpose

To test the needs in the power system with a slower energy transition, and lesser growtha cr oss Aus
economy. As a consequence, this scenario also potentially allows:

i1 The risk of over-investment in the power system to be assessed, with lower operational demand.

i System security risks (and investments) associated with a decline in minimum demand to be explored.

This scenario captures a slower global recovery from the COVID-19 pandemic and ongoing disruptions affecting
international energy markets and associated supply chains. Challenging economic conditions and business
pressures increase the relative risk of industrial load closures, and slow the pace of investment to extend beyond
current commitments regarding decarbonisation, further limiting the economic advantages that may exist with a
near zero emissions intensive energy system.

In this scenario, lower disposable incomes and slower and lesser cost reductions are incorporated in the uptake of
CER, including a lower pace of growth affecting transportation electrification. For example, ongoing consumer
investment in improving building and appliance energy efficiency is more muted, and broader electrification
(including by consumers in preferring and being willing to invest in alternative heating appliances to traditional
fossil fuelled alternatives) is also slowed in the short to medium term.

Global progress towards net zero ambitions is in line with currently announced policies and ambitions, and while
Australia likewise delivers on its commitment to a 43% reduction of emissions by 2030, and net zero by 2050, this
is unlikely to be consistent with the pace and breadth of change expected to limit temperature rise to 2°C by 2100.

2.3  Key scenario parameters

Table 4 summarises decarbonisation targets, key demand drivers, technological improvements and other key
parameters for each of the scenarios. Details are provided in the 2023 IASR Assumptions Workbook. All
scenarios deliver at least 43% emissions reduction by 2030 and net zero by 2050 for the energy sector but vary
by the pace of the transition to net zero, considering global, national and sectoral influences, leading to variations
in the needs of the future energy system.
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Table 4

National decarbonisation
target

Global economic growth and
policy coordination

Australian economic and
demographic drivers

CER uptake (batteries , PV and
EVs)

Consumer engagement such
as VPP and DSP uptake

Energy efficiency

Hydrogen use

Hydrogen blending in gas
distribution network A

Biomethane/ synthetic
methane

Supply chain barriers

Global/domestic temperature
settings and outcomes ®

IEA 2021 World Energy
Outlook scenario

Key parameters, by scenario

Green Energy Exports Step Change Progressive Change

At least 43% emissions
reduction by 2030.

Net zero by 2050

High economic growth,
stronger coordination

Higher (partly driven by green
energy)

Higher

Higher

Higher

Faster cost reduction. High
production for domestic and
export use

Up to 10%

Allowed, but no specific targets
to introduce it

Less challenging

Applies Representative
Concentration Pathway (RCP)
1.9 where relevant (~ 1.5°C)

Net Zero Emissions (NZE)

At least 43% emissions
reduction by 2030.

Net zero by 2050

Moderate economic growth,
stronger coordination

Moderate

High

High (VPP) and Moderate
(DSP)

Moderate

Medium-Low production for
domestic use, with minimal
export hydrogen.

Up to 10%

Allowed, but no specific targets
to introduce it

Moderate
Applies RCP 2.6 where relevant
(~1.8°C)

Sustainable Development
Scenario (SDS)

At least 43% emissions
reduction by 2030.

Net zero by 2050

Slower economic growth,
lesser coordination

Lower

Lower

Lower

Lower

Low production for domestic
use, with no export hydrogen.

Up to 10%

Allowed, but no specific targets
to introduce it

More challenging
Applies RCP 4.5 where relevant
(~2.6°C)

Stated Policies Scenario
(STEPS)

A. Hydrogen blending into the gas distribution network will need to accommodate the technical requirements of distribution pipelines, as well as the
capabilities of connected gas appliances. Higher blends than ~10% by volume are assumed possible for industrial use but may require equipment
change and/or shifts to dedicated hydrogen transmission pipelines.

B.RCPs were adopted in the | PCaips//wiw.ipcs.dh/repost/ar®syrs ment Report, see

2.3.1 A snapshot at 2040

Following the key parameter scenario dimensions described above, Table 5 compares the scenarios in a
snapshot of 2040, providing a high-level comparison of key inputs affecting energy demand and supply. For ease
of understanding the relative scale of activities, investments or opportunities, a reference value typically reflecting
the current level is also provided.

The inputs are described in detail in Section 3, and estimates presented here will be confirmed in the 2024 ISP.
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Table 5 Scenario comparison at 2040

Reference value l%ﬂ @ 6

for scenarios

Green Energy Step Change Progressive
Exports Change
Electrification and energy efficiency savings
% of road transport that is EV 2022-23: <1 72 60 32
% of residential E Vs still relying on 2022-23: ~75 38 46 56
convenience charging
Business electrification (TWh) Max. potential: 41 # 36 25 20
% increase from current business n/a 26 18 15
consumption
Residential electrification (TWh) Max. potential: 12 # 9 9 6
% increase from current residential n/a 16 15 11
consumption
Energy efficiency savings (TWh) n/a 41 36 26
Underlying consumption
NEM underlying consumption (TWh) 2022-23: 193 345 299 230
Hydrogen consumption (domestic) (TWh) 2022-23: 0 50 28 15
Hydrogen consumption (export, including 2022-23: 0 183 7 0
green steel) (TWh)
Total underlying consumption (TWh) 2022-23: 193 578 335 246
Supply
Distributed PV generation (TWh) 2022-23: 24 92 77 45
% of household daily consumption potential 2022-23: 1% 22% 21% 3%
stored in batteries
% of underlying consumption metby  CER 2022-23: 12% 16% 23% 18%
Share of electricity emissions in economy - CY2021: 36% 1% 1% 9%
wide emissions (NEM states only)
Estimate of NEM emissions production (MT CY2021: 132 2 1 22

COz-e)

Note: Totals tabulated above may not tally due to rounding.

A. For the purposes of this table, the 6maxi mum pot e Gteen&hergeBxmodstseenafioo c at i on
This scenario assumes that residential buildings are able to fully electrify by 2050 and that industries that are theoretically able to electrify have adopted

those electrification technologies by 2050. In this way, the 2040 electrification values for each scenario can be put into context by comparing to this

6maxi mum potential electrificationd value.

2.3.2 Comparing energy end -use across the scenarios

Figure 2 shows end-use domestic fuel consumption by scenario, as estimated across the economic activities
within the NEM-connected jurisdictions, illustrating that:

1 Green Energy Exports shows an increase in energy use reflecting stronger economic and population growth.
Electricity is the largest provider of energy, and electrification of natural gas and other fossil fuels is a key
decarbonisation pathway. Domestic hydrogen use provides energy for hard-to-abate industrials, and emerging
opportunities to expand the domestic economy, with biomethane providing a minor (but material) share.

i1 Step Change shows a modest increase in total energy use. Electrification of natural gas and other fossil fuels
is the most significant growth driver, while a wedge of domestic hydrogen use emerges amidst declines in gas
and fossil fuel use. Note that the graph excludes export hydrogen.
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1 Progressive Change includes lesser change in overall energy use, reflecting lower economic and population
growth. Electrification represents the greatest share of the energy transformation, with minor shares in
biomethane and hydrogen use across the decades to 2050.

Figure 2 End-use domestic fuel consumption by scenario (L to R) , Green Energy Exports , Step Change,
Progressive Change 2022-23 to 2052-53 (PJ/year)
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Includes hydrogen for green steel, excludes hydrogen for export.

2.4 Sensitivities

The three scenarios capture a range of plausible futures that vary inputs and assumptions to allow the risk of
under-investment (or overdue investment) and over-investment (or premature investment) to be assessed in the
ISP. The scenarios will also be used to examine reliability and security assessments of the electricity and east
coast gas markets.

There is inherent uncertainty around the set of inputs that make up each scenario, which creates risks for
decision-making in a scenario based planning approach. Sensitivity analysis is often used to complement
scenario based planning approach. Sensitivities can be used to test how variation of significant input assumptions
in the scenarios influence the outcomes of the resulting plan.

In developing the ISP, sensitivity modelling is used to test the resilience of the energy outcomes and investments
against various uncertainty in inputs. This is adopted to increase confidence in the robustness of the investment
conclusions. For the ISP for example, sensitivities are deployed to test whether the optimal development path
that is, the mix of generation, storage and transmission investments needed to meet consumer needs i1 is robust
to key risks and uncertainties, to limit potential investment regret. Most commonly this would involve change to a
single variable at a time. There may also be change to multiple variables, although this is less common, as it is
then unclear in isolation which variable was the primary driver for any result variation.

This chapter outlines key sensitivities that AEMO has already identified to model in the 2024 ISP, informed by
stakehol der feedback throughout AEMO6s | ASR and | SP Met |
sensitivities is not constrained to these key assumptions, and AEMO will deploy additional sensitivity analysis as

appropriate to ensure plans are as robust and resilient to future conditions as is practical in modelling timeframes

for each modelling purpose.
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Key sensitivities include:

1 Rapid Decarbonisation examines the impact of bringing forward decarbonisation of the NEM, by applying the
more aggressive emissions abatement pathway from the Green Energy Exports scenario. It will be examined
by applying a tighter carbon budget for the NEM, consistent with the pace of transition in Green Energy
Exports aimed at limiting temperature rise to 1.5°C by the end of the century through the energy sector.

i Electrification Alternatives examines the role of biomethane in a world where industrial electrification is
delayed and reduced relative to the Step Change scenario. It will be examined by reducing the pace and
breadth of electrification across industrial energy use, retaining a more diverse mix of fossil and renewable
molecular energy forms in the primary energy mix, including a growing and material role for biomethane in
decarbonising industry.

1 Low CER Orchestration examines the impacts of reduced effectiveness of consumer investment
orchestration via virtual power plants (VPPSs) than in the Step Change scenario. It will be examined by reducing
the degree of orchestration assumed for consumer devices, demonstrating the utility-scale response that
would be needed to complement a more passive CER fleet.

1 Reduced Energy Efficiency examines the key role that investments to reduce energy waste can have on
infrastructure investments. It will be examined by limiting energy efficiency savings to only those targeted by
existing and committed relevant policy developments.

i Higher Discount Rate and Lower Discount Rate will demonstrate the sensitivity of investment decisions for
long-lived assets with different settings for valuing future benefit streams, considering expert guidance outlined
in Section 3.7.1.

1 Constrained Supply Chains, exploring the costs and potential benefits of a less volatile annual rate of
transition, from lesser supply chain capacity and more limited workforce availability requiring proactive
management of finite resources. It will be examined by applying greater constraints on the development
capabilities to deliver generation, storage and transmission investments associated with technical supply chain
and workforce considerations.

Social licence is another key consideration for the energy transition. 6 Soc i al |l icenced is a ter
refer to local community acceptance of new infrastructure development. The efficient and effective transition of the

energy sector will rely on both government and the energy industry understanding and delivering the community's

ambition and needs for the future power system, both broadly in the community, and in the places that host new
development. AEMO has established an Advisory Council on Social Licence to assist in understanding social

licence issues facing the energy transition for consideration in development of the ISP. AEMO intends to include a
sensitivity that explores risks relating to social licence. For instance, alternative assumptions that reflect greater

limitations and higher cost to address social licence issues could also be considered.

AEMO will be guided by modelling outcomes in both the draft and final ISP to understand what other sensitivity
analysis could be insightful to ensure robust investment recommendations, including actionable ISP projects. This
could include testing the impact of alternative timings of generator closures, alternative fuel prices, removal of
investments intended to be delivered through policy mechanisms and other potential influences.

For other forecasting and planning activities, sensitivity analysis may examine different assumptions that affect
the assessments of reliability, security, and energy adequacy, as opposed to the future development needs of the
power system that affect investments. In this sense, sensitivity analysis is developed and implemented as
appropriate within the scope of modelling being conducted.
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3 Inputs and assumptions

3.1 Policy settings

Input vintage July 2023
Source Australian governments
Updates since Draft IASR Significant number of policies or aspect of policies have been incorporated since the Draft 2023 IASR.

Policy settings constantly evolve as governments progress policy initiatives. Since the 2022 ISP was released,
many new and refined policy positions have been developed by multiple jurisdictions, often to support the
electricity sector transition.

For the 2023 IASR, AEMO considered environmental and energy policies with referencet o t he &épubl i c p
c | a @8sThedpublic policy clause allows AEMO to consider a current environmental or energy policy of a

participating jurisdiction where that policy has been sufficiently developed to enable AEMO to identify the impacts

of it on the power system and at least one of several other criteria is also satisfied. The criteria most relevant for

the purposes of the 2023 IASR are enactment of the policy in legislation and a material funding allocation to the

policy in a budget of a participating jurisdiction.

On 19 May 2023, Energy Ministers agreed to amendments to the national electricity laws to incorporate an
emissions reduction objective into the National Electricity Objective (NEO)’. Currently, it is expected that the
amendments will pass through South Australian parliament in September 2023, and AEMO will apply the new
emissions objective to the ISP two months from commencement.

The emissions objective is presently proposed, subject to stakeholder consultation, to be complemented by a
requirement that the AEMC prepare and maintain alistofpar t i ci pating jurisdictions®é t
i kely to contribute to reduci nigwiththedist of thdse targets beng statedhilh o u s e
a O0targets statement 6 t egulptedcommdnity. Thesa targets anusg at a mininhuon, be h e r
considered by AEMO in applying the objective to the ISP18. The public policy clause is included in the

Commonweal t hds r ulcarreathundegcensuytatian pyotise AAEMC?9, identifying rules for

harmonisation with the new objective. The rule change will consider whether policies considered by AEMO in

determining power system needs should include targetsinthe AEMC6s 6t argé&ts statemento

In identifying policies that may be included in the 2024 ISP, AEMO has, in consultation with each jurisdiction,
included those policies that currently meet the public policy clause or are expected to satisfy the clause, or be
included i n the AEMbGefoe the delivereof tke 2624 ISR. Ehese padlicjes are relevant to the

16 NER 5.22.3(b).

7 See https://www.energy.gov.au/government-priorities/energy-and-climate-change-ministerial-council/working-groups/national-energy-
transformation-partnership/incorporating-emissions-reduction-objective-national-energy-objectives.

18 Information Paper, Incorporating an emissions reduction objective into the national energy objectives, May 2023, p8, at
https://www.energy.gov.au/sites/default/files/2023-06/Incorporating%20an%20emissions%20reduction%200objective%20int0%20the%20
national%20energy%200objectives%20-%20Information%20Paper.pdf.

19 Rule change proposal and consultation paperav ai | abl e on t h e httAsE/M@wasmc.gov.bugriletcleangastharmonising-
electricity-network-planning-and-investment-rules-and-aer-guidelines-updated-enerqgy.

20 NER clause 5.22.3(a) defines the power system needs relevant to the ISP, while clause 5.22.3(b), the public policy clause, defines the
policies AEMO may consider in determining power system needs.
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Inputs and assumptions

energy transition, and wil/ i mpact Australiads emission:
Should a policy not meet the public policy clause, or not be i nc |targkte statement, gribkec AEMCO s
delivery of the 2024 ISP, that policy will be removed as a modelling input/assumption. Instead, sensitivity testing

may be used in the 2024 ISP to show the impact of including that policy at a later date.

Table 6 summarises the policies included in this 2023 IASR.

The sub-sections following Table 6 describe the various policy settings to be applied in the 2023 IASR scenario
collection.
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Table 6 Summary of policies included in the

POlicy type AUStralian Capltal o SOUth Wales SOUth AUStra”a
Territory

Emission
reduction

Renewable
energy targets

Storage targets

Offshore wind
targets

Hydrogen
policies

43% below 2005 levels by
2030 and net zero by 2050
under the Climate Change
Act (2022) ( Cot h)

82% renewable energy
target by 2030

Economy-wide emission
reduction targets of 50% by
2030 and net zero by 2050

Construct new renewable
generation by end of 2029
that can produce the same
electricity as 8 GW in New
England REZ, 3 GW in
Central-West Orana REZ,
and 1 GW elsewhere (NSW
Ell Act)

Target of 2 GW of deep
storage by 2030 under the
NSW Ell Act

Renewable Fuels Scheme
of the NSW Hydrogen
Strategy

Expansion of QRET to 50%
by 2030, 70% by 2032, and
80% by 2035

Support to Borumba
pumped hydro energy
storage (PHES) (based on
normal commitment criteria);

Support to Kogan
Renewable Hydrogen
Project®

21 See https://www.treasury.gld.gov.au/programs-and-policies/queensland-renewable-energy-and-hydrogen-jobs-fund/.

Emission
reduction target of
60% by 2050

150% TRET
target by
2030 and
200% by
2040

Battery of
the Nation
(as
development
candidate)

Hydrogen Jobs
Plan including 250
MW electrolyser
project, 200 MW
hydrogen turbine.

Emission reduction
target of 28-33% by
2025, 50% by 2030,
75-80% by 2035 and
net zero by 2050

Unlegislated but
announced net zero
emission target by
2045

VRET of 40% by 2025,
50% by 2030 and the
intentions for further
VRET of 65% by 2030
and 95% by 2035;

Victorian Renewable
Energy Target (VRET)
auctions 1 and 2

Intentions to legislate
storage targets of 2.6
GW by 2030 and 6.3
GW by 2035

Intentions to legislate
offshore wind targets of
2 GW by 2032, 4 GW
by 2035, and 9 GW by
2040
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POlicy type AUStralian Capltal o SOUth Wales SOUth AUStra”a
Territory

Transmission
support
policies

Transmission
land payment

REZ network infrastructure
projects and priority
transmission infrastructure
projects under the NSW Ell
Act, including Waratah
Super Battery System
Integrity Protection Scheme
as Committed and Central-
West Orana Transmission
Project as Anticipated.

Strategic Benefit Payments
Scheme

SuperGrid Infrastructure
Blueprint and Queensland
Renewable Energy Zone

(QREZ) infrastructure will be

treated as options.

CopperString 2032
development is considered
to be Anticipated with the
Townsville to Hughenden
connection being modelled
quantitively as a REZ
network expansion.

SuperGrid Landholder
Payment Framework

NEVA-supported
transmission projects
and VicGrid planning of
REZs, including some
projects treated as
development options
and others as
Anticipated projects
(for example, Western
Renewables Link and
the Mortlake Turn-in as
Anticipated).

Landholder Payments
For A Fairer

programs Renewables Transition
CER-related SRES PV subsidies for Energy efficiency and peak Voluntary retailer Victorian solar panel
policies pensioners/ veterans, demand reduction target contributions feed rebate, solar battery
and Sustainable under the NSW Energy in tariff rebate
Households Scheme Security Safeguard, and the
(batteries and PV) Renewable Fuels Scheme
Electric EV fringe benefits tax ACT EV stamp duty, EV subsidy and Stamp duty Zero emissions vehicle
vehicles (FBT) exemption, registration and free registration waiver subsidy
infrastructure funding and financing savings
fleet purchases
Energy National Construction New South Wales Energy South Australian Victorian Energy
efficiency Code 2022; Savings Scheme Retailer Energy Upgrades program
National Australian Built Efficiency Scheme
Environment Rating
System;
Greenhouse and Energy
Minimum Standards;
National Energy
Performance Strategy;
Other Safeguard Mechanism ACTdés ban o Conversion of publicly Gas Substitution
government Capacity Investment connections owned coal-fired generation Roadmap
policies Scheme in Queensland into clean
energy hubs.
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311 Australiads emissi®ns reduction target

Climate Change Act (2022) ( Cdt h)

In September 2022, the Federal Government legislated A u s t r ecbniomayévgle emissions reduction target,
committing to reducing greenhouse gas emissions by 43% below 2005 levels by 2030 and achieving net zero
emissions by 2050. These targets are complemented by an emissions budget for the period 2021-2030
amounting to 4,381 million tonnes of CO2-e. The updated target has also been submitted to the United Nations
Framework Convention on Cl i mat e upGdted Nagomally DetermiGe@ Contributiom
(NDC) under the Paris Agreement.

Compl ementing the 2030 emissions target is the Feder
renewable generation by 2030, announced in the Powering Australia Plan?2. This target is not contained within the
legislative targets of the Climate Change Act, but AEMO considers it sufficiently developed as a policy to be
considered within all scenarios.

AEMO will model the legislated carbon budget to 2030 consistent with the 43% emissions reduction
target, as well as a net zero emissions economy (by 2050) as committed policy, across all scenarios.
AEMO will also model the 82% share of renewable  generation by 2030 across all the scenarios.

More detail on the forecast carbon budgets for the NEM can be found in Section 3.2.

Safeguard Mechanism

The Safeguard Mechanism is a federal pol i cy astriahfadlitiea t
inlinewith Au s t r 20B0i aad&850 emission reduction targets. It sets out a number of targets for participating
industrial facilities, including the requirement that net emissions from all Safeguard facilities should not exceed

100 million tons of carbon dioxide equivalent (MtCOz2-e) in 2030 (and net zero in 2050)23.

The bolstered Safeguard Mechanism was not included explicitly in the multi-sector modelling exercise
commissioned from CSIRO and ClimateWorks Centre (CWC) (see Section 3.3.4 for further details on the multi-
sector modelling), as the reformed policy was legislated after the modelling was finalised. However, the multi-
sector modelling does achieve substantial levels of decarbonisation for large industrial facilities, predominantly
through business electrification. The levels of emissions reductions modelled are broadly consistent with the
emissions targets of the Safeguard Mechanism. Additionally, AEMO directly surveys many of the large industrial
loads that are included in the Safeguard Mechanism and in that process, gains insights into how these facilities
intend to meet the policy requirements, whether through energy efficiency upgrades, process improvements or
electrification. AEMO considers that the scope of decarbonisation in the industrial sector across the scenario
collection sufficient to reflect the intent and potential impact of the policy.

State -based emissions targets

All states and territories in the NEM have net zero emissions ambitions, although most are still developing the
legislative and other frameworks to meet these ambitions. State-based positions regarding emissions reduction
either legislated or with expected legislation are shown in Table 7.

22 Available at_https://www.energy.gov.au/government-priorities/australias-energy-strategies-and-frameworks/powering-australia.
2 Enacted via the National Greenhouse and Energy Reporting Act 2007.
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Table 7 State -level emission reduction ambitions ( relative to 2005 levels, economy -wide targets unless otherwise
stated )
New South Australian Capital Queensland South Australia A | Tasmania © Victoria
Wales Territory ¢ (Calendar year) (Financial year) (Calendar year)
(Financial year) (Financial year)

Instrument Currently Climate Change 60% reduction by  Climate Change 2025,2030 and
unlegislated, but  and Greenhouse 2050 legislated (State Action) 2050 legislated
legislation Gas Reduction Act via Climate Amendment Act via Victorian
expected for the 2010 Change and 2022 Climate Change
2030 and 2050 Greenhouse Act 2017;
targets; Emissions Legislation
Targets were Reduction Act expected for
announced via 2007 2035 and 2045
the NSW Climate targets.

Change Policy
Framework 2016

and underpinned
by the Net Zero

Plan Stage 1

2025 50-60% reduction 28-33%
reduction

2030 50% reduction B 65-75% reduction Net zero or 45-50%

lower reduction

2035 75-80%
reduction

2040 90-95% reduction

2045 Net zero Net zero B

2050 Net zero 60% reduction Net zero

Notes: Timing of emissions reduction ambition may be rounded to the nearest 5 yearly increment, for presentation purposes

A. Relative to 1990 levels.

B. Unlegislated at the time of publication.

C.Whi | e T a sndaustrabad Gapital Terr i t degislated climate change targets aim to achieve net zero emissions, AEMO recognises the low
emissions intensity of the electricity sector for the jurisdictions, and considers that an electricity-sector equivalent carbon budget would be inappropriate
to reflect the economy-wide application of the legislations.

Some jurisdictions have legislated these ambitions (Victoria?4, Australian Capital Territory?>, and Tasmania?®),
while there have been public announcements by several other jurisdictions to legislate (New South Wales?’,
South Australia?®), and update already legislated targets (Victoriab s 2035 and?®.2045 target

For the 2023-24 forecasting and planning activities, = AEMO will incorporate the jurisdictional targets
except for Tasmania and Australian Capital Territory  in all scenarios as electricity -sector carbon budget s,
providing a complementary  constraintto the NEM carbon budget that meets the Federal Government
commitments .

24 See the Victorian Climate Change Act 2017, which results in five-yearly emissions reduction targets with the aim of reaching net zero by
2050. The Victorian Government has announced interim targets for 2025 (28-33% below 2005 levels) and 2030 (50% below 2005 levels).

% Under the Climate Change and Greenhouse Gas Reduction Act 2010, the Australian Capital Territory set a target to achieve net zero
emissions by 2045, as well as an interim 40% reduction target over 1990 emissions by 2020. The Climate Change and Greenhouse Gas
Reduction (Interim Targets) Determination 2018 also sets a range of interim reduction targets over 1990 emissions: 50-60% less by 2025,
65-75% less by 2030, and 90-95% less by 2040.

2 Under the Tasmania Climate Change (State Action) Amendment Act 2022, however given the State has a low emissions intensity already,
application of this emissions target to the electricity sector in isolation of the broader regional economy would be inappropriate.

27 See https://www.chrisminns.com.au/nsw_labor_announces net zero_legislation.
28 See https://www.environment.sa.gov.au/topics/climate-change/climate-change-legislation.
2 See https://www.premier.vic.gov.au/setting-ambitious-emissions-reduction-target.
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The emissions reduction target for the Australian Capital Territory cannot be converted to an electricity-sector
equivalent budget, as there is no existing fossil-fuel generation, and no fossil fuel new-entry candidate generators
are considered in the Australian Capital Territory. Given the low emissions intensity of the electricity sector in
Tasmania, an equivalent carbon budget of zero emissions for the sector would be inappropriate given the
economy-wide nature of the target. More information on the NEM and state carbon budgets is in Section 3.2.3.

3.1.2 Relevant federal and state energy policies

New South Wales Electricity Infrastructure Roadmap

In 2020, the New South Wales Government released its Electricity Infrastructure Roadmap?® and enabling
legislation, the Electricity Infrastructure Investment Act 2020 (NSW EIl Act), providing a plan to transform New
South Wa | e ele@tscity system reliably and affordably. The NSW Ell Act sets out minimum objectives to
construct, by the end of 2029, sufficient renewable generation infrastructure to produce at least the same amount
of electricity in a year as:

1 8 GW of generation capacity in the New England Renewable Energy Zone (REZ).
1 3 GW of generation capacity from the Central-West Orana REZ.
1 1 GW of additional generation capacity.

Although the capacities are specified in these REZs, the generation constructed and operated under Long-Term
Energy Service Agreements (LTESAS) are not required to be located in those REZs, or any REZ if the project
demonstrates fAoutstanding merito, nor to match the capa

The NSW EIlI Act also sets a minimum objective for the construction of 2 GW of long-duration storage
infrastructure (classified as storage with capacity that can be dispatched for at least eight hours) by the end of
2029. This is in addition to Snowy 2.0.

The New South Wales objectives exclude any generation capacity that was either existing or committed at or
bef ore AEMOOG6s November 2019 Generation I nformation page.
committed or existing since that time is included as contributing to the objectives of the NSW ElI Act.

In May 2023, AEMO Services Limited (as New South Wales Consumer Trustee) released the Draft 2023
Infrastructure Investment Opportunities (110) Report, which includes an updated development trajectory for
generation and storage infrastructure3!. Details of this trajectory and recipients of LTESAs32 can be found in the
accompanying IASR Assumptions Book.

AEMO Services Limited has also commenced competitive tenders for firming infrastructures3,

AEMO will reflect these renewable energy, generation and storage tenders in all scenarios of the 2023-24
forecasting and planning activities. AEMO will also apply the longer-term generation and storage development
requirements from the Draft 2023 110 Report.

30 See https://www.energy.nsw.gov.au/nsw-plans-and-progress/major-state-projects/electricity-infrastructure-roadmap.

31 At https://aemoservices.com.au/publications-and-resources/infrastructure-investment-objectives-report/2023-iio-report.

%2 See https://aemoservices.com.au/-/media/services/files/media-releases/010523-asl-mr-aemo-services-nation-leading-tender-and-contract-
design-delivers-for-nsw.pdf?la=en.

33 More information can be found at https://aemoservices.com.au/-/media/services/files/publications/market-briefing-4/224213-aemo-briefing-
notes-firming-infrastructure-v2 con5.pdf.
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Transmission projectst hat meet AEMOG6s commi t toedmitmentstatasestarecammistede d pr
i n AEMOOG s imadl scenbriod, with all other options considered as development candidates in the ISP.

More information on the committed and anticipated projects is published in the 2023 Transmission Expansion

Options Report.

Queensland Energy and Jobs Plan (QEJP)

In September 2022 the Queensland Government released the QEJP, which identifies initiatives for the
development of renewable and firming generation in Queensland, including:

1 Expansion of the Queensland Renewable Energy Target (QRET) to achieve 50% renewable energy by 2030,
70% by 2032 and 80% by 2035.

1 Development of the Borumba Dam (2 GW/24 hr) and Pioneer-Burdekin (up to 5 GW/24 hr) pumped hydro
energy storage (PHES) projects, between 2030 and 2035.

1 Hydrogen-ready gas developments, including a 200 megawatts (MW) peaking project at Kogan Creek.

i1 Conversion of publicly owned coal generators into clean energy hubs by 2035, potentially in a phased manner
to ensure reliability and security is maintained.

i Establishment of Queensland Renewable Energy Zones.

i Transmission investments, at up to 500 kilovolts (kV), to build new backbone transmission connecting energy
storage and renewables to load centres.

In June 2023, the Queensland Government released the draft Energy (Renewable Transformation and Jobs) Bill
202334 to legislate the QEJP. The draft legislation sets up planning and governance frameworks to ensure an
orderly transition 1 including Renewable Energy Zones, Queensland Energy System Advisory Board, Energy
Industry Council, and the Queensland Renewable Energy Jobs Advocate.

The legislative settings for the expansion of QRET within the draft legislative package are now under consultation.

Qu e e n s |128268-d48Bsadget identified significant funding for the QEJP initiatives, although the funding cannot

lock firming projects to a specific timetable. AEMO recognises these significant financial commitments and will

apply normal project commitment assessments to these projects, as evaluatedin AEMO6s Gener ati on |
releases.

The QEJP has also identified several transmission options that will be required to develop and connect the PHES
and Queensland REZ initiatives (up to 500 kV). AEMO includes these options as part of the 2023 Transmission
Expansion Options Report.

Tasmanian Renewable Energy Target (TRET )

The TRET is a legislated renewable energy target, requiring development of sufficient renewable energy capacity
to double current electricity consumption (or 21,000 gigawatt hours [GWh] of production) by 2040, with an interim
target of 150% (or 15,750 GWh) by 2030.

This policy meets the appropriate criteria for commitment in all scenarios of the 2023-24 forecasting and planning
activities.

34 At https://statements.qld.gov.au/statements/97857 - :~:text=The%20draft%20Enerqy%20(Renewable%20Transformation,%2C%20and%20
80%25%20by%202035.
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Vi ¢t oemissiodssreduction , renewable energy , storage , and offshore wind development
targets

Vi ct cClimag €sange Act (2017) provides a legislated framework to reduce greenhouse gas emissions by
2050 to meet a net-zero economy, with short-term targets at five-yearly steps.

Underpinning Victoriad slectricity sector contributions to this objective is the Victorian Renewable Energy Target
(VRET) and the Victorian Energy Upgrades (VEU) program, and a target for 50% zero-emission vehicles new
sales by 2030.

The currently legislated VRET mandates40% of t he r e gi (@cdullisg C&R) beesouacedifroom
renewable sources by 2025, and 50% by 2030. In October 2022, the Victorian Government announced it would
update its renewable energy target to 65% by 2030, and 95% by 2035.

These updates to the VRET are intended to be legislated and will be included in all scenarios of the 2023-24
forecasting and planning activities (including specific projects that are funded via auctions conducted to date3°).

The Victorian Government has also pledged a target3® of 2.6 GW of renewable energy storage capacity by 2030,

with an increased target of 6.3 GW of storage by 2035.Vi ct or i a6s neWisexXpectecatggbe t ar get s
legislated and will include both short and long-duration energy storage systems, which can hold more than eight

hours of energy.

Given the intended legislative framework is expected to meet the public policy clause, AEMO will include the
energy storage targets in all scenarios of the 2023-24 forecasting and planning activities.

The Victorian Government has released its Offshore Wind Policy Directions Paper3 and two Offshore Wind
Implementation Statements3® which aim to develop 2 GW of offshore wind capacity by 2032, 4 GW by 2035, and
9 GW by 2040, with first power aimed by 2028.

AEMO considers that the Victorian Offshore Wind policy is intended to be legislated and is sufficiently developed
to enable assessment of impacts on the power system, therefore AEMO will include the updated policy in all
scenarios of the 2023-24 forecasting and planning activities.

Large -scale Renewable Energy Target (LRET)

Australiads Renewabl estatfighed taggets foF argegseate and Bniall-9cale renewable
investments. The LRET in particular aimed to deliver 33,000 GWh of Australia® electricity from renewable
sources by 2020. While the LRET was met in September 2019, high-energy users are required to continue
meeting their obligations under the scheme until 20304°,

A E M O madelling assumptions do not explicitly capture the LRET, as the target has been met and continued
operation of these facilities is expected within the modelling without requiring additional constraints.

3% See https://www.energy.vic.gov.au/renewable-energy/victorian-renewable-energy-and-storage-targets/victorian-renewable-energy-target-
auction-vretl.

36 At https://www.energy.vic.gov.au/renewable-energy/victorian-renewable-energy-and-storage-targets.
57 At https://www.energy.vic.gov.au/renewable-energy/victorian-renewable-energy-and-storage-targets.
38 At https://engage.vic.gov.au/download/document/26672.

39 At https://www.energy.vic.gov.au/renewable-energy/offshore-wind-energy/for-industry-and-developers.
40 See https://www.cleanenergycouncil.org.au/advocacy-initiatives/renewable-energy-target.
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Jurisdictional policies regarding hydrogen development

Various jurisdictions have announced funding to support the establishment of hydrogen technologies, particularly
renewable hydrogen production, including:

1 The South Australian Government has allocated $593 million over the period 2022-23 to 2025-26 to the
Hydrogen Jobs Plan*! which seeks to establish hydrogen production and power generation in South Australia.
The output from a 250 MW electrolyser project is included in the hydrogen production forecasts for each
scenario. The electrolyser is expected to be complemented with a 200 MW hydrogen -capable generator .
These initiatives are on track to meeting the public policy clauses and therefore AEMO is including it for the
purposes of ISP assessments.

1 The QEJP has allocated funding to support the Central Queensland Hydrogen Project, and the 200 MW
peaking Kogan Renewable Hydrogen Project*2. This initiative is on track to meeting the public policy clauses
and therefore AEMO is including it for the purposes of ISP assessments.

1 The New South Wales Government has allocated $150 million in grant funding to support hydrogen hubs in the
state*3. Additionally, the New South Wales Hydrogen Strategy#* laid out a number of stretch targets, such as
producing 110,000 tonnes per annum of hydrogen in 2030, and 700 MW of electrolyser capacity. Up to
$3 billion of incentives were allocated to support industry development, including network charge exemptions
for electrolysers, and hydrogen hubs in the Illawarra and Hunter. A key outcome of the NSW Hydrogen
Strategy, the Renewable Fuels Scheme,* is legislated to produce 8 petajoules (PJ) per annum of renewable
hydrogen by 2030. The effect of the legislated Renewable Fuels Scheme is included in hydrogen
production needs for each scenario .

1 The Tasmanian Government is funding the establishment of a green hydrogen hub at Bell Bay*¢. This will not
be explicitly modelled.

1 The Federal Government recently announced a $2 billion Hydrogen Headstart policy, which will provide
production credits to approximately 1 GW of electrolyser capacity, across a small number of projects. Funding
is to be available from 2026-27, and would be paid at the time of production. The government expenditure is
contingent on projects being assessed and meeting criteria demonstrating sufficient merit. Consultation on the
program is currently underway, and therefore whether or not projects are connected to the NEM, and their
production volumes and schedules will not be known until the funding agreements have been established.
This will not be explicitly modelled.

Capacity Investment Scheme

In December 2022, the Federal Government announced the Capacity Investment Scheme, which will provide a
national framework to drive new renewable dispatchable capacity and ensure reliability and affordability in

41 See https://www.ohpsa.sa.gov.au/about-the-project and https://www.statebudget.sa.gov.au/our-budget/jobs-and-economy/hydrogen.
42 See https://www.treasury.gld.gov.au/programs-and-policies/queensland-renewable-energy-and-hydrogen-jobs-fund/.

43 See https://www.energy.nsw.gov.au/business-and-industry/programs-grants-and-schemes/hydrogen-hubs-nsw.

44 See https://www.energy.nsw.gov.au/sites/default/files/2022-08/2021 10 NSW_HydrogenStrateqgy.pdf

45 See https://www.energy.nsw.gov.au/nsw-plans-and-progress/regulation-and-policy/energy-security-safeguard/renewable-fuel-
scheme#:~:text=The%20Renewable%20Fuel%20Scheme%20was%?20established%20under%20the ,will%20commence%20in%202024%20
and%20run%20until%202044.

46 See https://www.premier.tas.gov.au/site_resources 2015/additional _releases/tasmanias-green-hydrogen-feasibility-study-findings.
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Australiads rapi dl y.Iltovhl beragevemg uneserveiting mechamsmlaienéd at unlocking
around $10 billion of investment in clean dispatchable power to support energy reliability and security.

In the 2024 ISP, AEMO recognises that the Capacity Investment Scheme is a key measure by which the Federal
Government will support the energy transition, although the specific mechanisms for its implementation in the
medium and long term are yet to be determined. As the first phase of the scheme, New South Wales will receive
Federal Government support to deliver almost 1 GW of additional dispatchable capacity, complementing actions
to tender for firmed capacity by the Consumer Trustee, by underwriting up to an additional 550 MW of firmed
capacity, complementing the initial firm capacity tender by the NSW Consumer Trustee of 380 MW, resulting in
firm capacity of 930 MW in 2028-29.

Open tenders will determine the projects to gain Capacity Investment Scheme support, with first auctions under
the scheme anticipated in 2023. AEMO will incorporate this first phase of the CIS within the Draft 2024 ISP, and
will monitor the development of the longer term mechanism; if developed sufficiently to apply more broadly,
AEMO may incorporate into the final 2024 ISP.

3.1.3 Transmission project support

National Electricity (Victoria) Act 2005  (NEVA) 6 2020 amendment for expedited transmission
approval

The NEVA facilitates expedited approval of transmission system upgrades, enabling the Minister to approve or
accelerate approvals for augmentations of the Victorian transmission system. Several projects are currently
supported under the NEVA and have advanced to the point where they are considered committed or anticipated
developments. These include the specified augmentations for Western Renewables Link, the Mortlake turn-in, the
Murray River REZ and Western Victoria REZ minor augmentations, the Victorian Big Battery, and other projects
providing system strength services. For more information on these developments, see Section 3.9.3.

The Victoria i New South Wales Interconnector West (VNI West) project is also subject to NEVA Orders which
act to accelerate the project and specify requirements for its configuration. These orders relates only to the
Victorian side of VNI West. VNI West is currently an Actionable ISP project.

AEMO has considered the development of projects supported under the NEVA as transmission options in the
2023 Transmission Expansion Options Report, or as committed or anticipated projects in some cases as outlined
in AEMOOG6s transmission audmentation information page

Rewiring the Nation

In October 2022, the Federal Government announced the Rewiring the Nation framework, which aims to
modernise the grid and ensure the ¢ 0 u n ttrangndission networks are ready for the renewables and storage
investment needed for the decarbonisation task ahead. The framework will prioritise transmission projects of
national significance and support a transition to renewable energy. The Rewiring the Nation framework is looking
at a range of measures to support development of ISP projects and REZ developments, including $20 billion of
concessional loans and equity to invest in transmission infrastructure projects that will help strengthen, grow and

47 See https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-
planning-data/transmission-augmentation-information.
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transiti on Au sdridsaThd Fadgral Geverenmeit has o ifat nyade two announcements under
Rewiring the Nation:

1 Agreement between the Federal, Victorian and Tasmanian Governments for access to concessional finance
(around 80% of costs) and equity investment (around 20% of costs) for MarinusLink, as well low-cost debt for
Battery of the Nation projects ($1 billion), transmission network in REZs in northern Tasmania, VNI West
KerangLink ($750 million), and Victorian REZ projects including offshore wind*2.

1 Agreement between the Federal and New South Wales Governments for access to $4.7 billion in concessional
finance for critical transmission and REZ projects in New South Wales, including connecting Snowy 2.0
(supported by access to $3.1 billion from the New South Wales Transmission Acceleration Facility)°.

The Federal Government has also entered into a $385 million underwriting agreement under the Rewiring the
Nation program to support Transgr i dos Linkam®NIWestrpeojedtstao f | o |
accelerate their delivery and lower costs.

AEMO will not incorporate the impact of concessional finance in the draft or final 2024 ISP.

Electricity Infrastructure Investment Act (New South Wales) 2020 (NSW) 6 REZnetwork
infrastructure projects and priority transmission infrastructure projects (PTIPS)

The Minister may direct that REZ network infrastructure projects and PTIPs be carried out. While a range of
projects are under development, two have now reached delivery stages.

Waratah Super Battery is being delivered with a System Integrity Protection Scheme to improve transfer
capabilities between: Central New South Wales (CNSW) to Sydney, Newcastle and Wollongong (SNW); Southern
New South Wales to Central New South Wales; and Central New South Wales to Northern New South Wales in a
reverse direction while the scheme is in place.

Waratah Super Battery is a PTIP under the NSW Ell Act®, and is listed as a committedpr oj ect i n AEMOOG:
transmission augmentation information page®!. Transgrid has been appointed as the network operator for the
project, and Akaysha Energy has been appointed as the service provider.

Central-West Orana Transmission project will provide the new network infrastructure for the Central-West Orana
REZ, including high-capacity transmission lines and energy hubs to transport power from solar and wind
generators.

Central-West Orana Transmission project is a REZ network infrastructure project under the NSW Ell Act>?, and is

listed as an anticipatedpr oj ect i n AEMOG6s t r an snmiion gaged.rEneaguCp im everseaingi o n i
the planning and approval processes for the project, and has selected ACE Energy as the first ranked network

operator for the project.

48 See https://www.pm.gov.au/media/rewiring-nation-plugs-marinus-link-and-tasmanian-jobs.
4% See https://www.pm.gov.au/media/landmark-rewiring-nation-deal-fast-track-clean-energy-jobs-and-security-nsw.
50 More information available at https://www.energyco.nsw.gov.au/projects/waratah-super-battery.

51 See https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-
planning-data/transmission-augmentation-information.

52 See https://www.energyco.nsw.gov.au/cwo.

53 See https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-
planning-data/transmission-augmentation-information.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 35


https://www.pm.gov.au/media/rewiring-nation-plugs-marinus-link-and-tasmanian-jobs
https://www.pm.gov.au/media/landmark-rewiring-nation-deal-fast-track-clean-energy-jobs-and-security-nsw
https://www.energyco.nsw.gov.au/projects/waratah-super-battery
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/transmission-augmentation-information
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/transmission-augmentation-information
https://www.energyco.nsw.gov.au/cwo
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/transmission-augmentation-information
https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/transmission-augmentation-information

Inputs and assumptions

Queensland SuperGrid Infrastructure Blueprint , Queensland Renewable Energy Zon e, and
CopperString 2032

The Queensland Government has announced its Queensland SuperGrid Infrastructure Blueprint and its draft
Queensland Renewable Energy Zone roadmap under the Queensland Energy and Jobs Plan.

The SuperGrid is intended as the optimal infrastructure pathway for the Queensland Energy and Jobs Plan and
includes references to four new high-voltage transmission network backbone projects to connect new pumped
hydro energy storage and renewable energy generation. AEMO has considered the development of the blueprint
projects as transmission options in the 2023 Transmission Expansion Options Report.

The draft Queensland REZ roadmap was released for consultation in July 2023, developed in line with the
Queensl and Energy and Jobs Plan to meet the ugdenakngn ment 0
extensive joint planning with Powerlink as the roadmap is developed.

The Queensland Government has announced that it is actively working to deliver the CopperString 2032
transmission project i approximately 1,100 km of transmission lines from Mount Isa to south of Townsville T to
connect the North West Minerals Province to the NEM. CopperString 2032 is listed as an anticipated project in
AEMOG6s transmission au g nPé fihe adwnswalle to Hughendemtannactmmwillba g e
modelled quantitively as a REZ network expansion.

Jurisdictional land holder payment schemes

In some jurisdictions, landholder payment schemes have been recently established to provide payments to
landholders for hosting transmission infrastructure. These payments are in addition to any compensation that is
paid under conventional land acquisition frameworks. AEMO will model landholder payment schemes in New
South Wales, Queensland and Victoria. If new landholder payment schemes are announced, AEMO will use
reasonable endeavours to model them.

New South Wales

In October 2022, the New South Wales Government established a Strategic Benefit Payments Scheme>® for new
major transmission projects. Under this scheme, private landowners hosting new high voltage transmission
projects critical to the energy transformation and future of the electricity grid will be paid a set rate of $200,000 (in
real 2022 dollars) per kilometre of transmission hosted, paid out in annual instalments over 20 years.

Queensland

Taking effect from May 2023, Powe Framewdk® will dBfer pagmesto d Land
landowners that host new transmission infrastructure. Powerlink will also become the first transmission company

in Australia to offer payments to landholders with properties adjacent to new transmission infrastructure. To

represent this framework, AEMO will apply a cost of $230,000 per km of new transmission, paid out in a lump sum

T noting that landholders can decide between a lump sum or annualised payments.

54 See https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-
planning-data/transmission-augmentation-information.

5 See https://www.energyco.nsw.gov.au/sites/default/files/2023-01/overview-strategic-benefit-payments-scheme. pdf.
56 See https://www.powerlink.com.au/sites/default/files/2023-05/SuperGrid-Landholder-Payment-Framework.pdf.
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Victoria

In February 2023, the Victorian Government announced it will pay landholders whose properties host new power
transmission lines $8,000 per kilometre per year for 25 years ($200,000 over the 25-year period), to help smooth
the stateds transition to a 95% renewable grid by 2035.

3.1.4 Environmental protection and  nuc lear technology

Currently, Section 140A of the Environment Protection and Biodiversity Conservation Act (1999) ( C 6 grdhibits
the development of nuclear installations. This is a legislated policy and as such AEMO is including the policy
across all scenarios. Nuclear technology therefore is an excluded technology option.

3.1.5 Other policies affecting consumer demand

Numerous state and federal policies support the development of CER, including small-scale technology
certificates (STCs) and Australian carbon credit units (ACCUSs). Additional policies included are listed in Table 8.

Energy efficiency polici es

Australian governments have implemented a range of energy efficiency policies that encourage investments in
activities to lower energy consumption, including:

1 Building energy performance requirements contained in the Building Code of Australia (BCA) 2010, the
National Construction Code (NCC) 2019 and NCC 2022.

9 Building rating and disclosure schemes of existing buildings such as the National Australian Built Environment
Rating System (NABERS) Energy for Offices and Commercial Building Disclosure (CBD).

1 The Equipment Energy Efficiency (E3) program (or Greenhouse and Energy Minimum Standards [GEMS]) of
mandatory energy performance standards and/or labelling for different classes of appliances and equipment.

i State-based schemes, including the New South Wales Energy Savings Scheme (ESS), the Victorian Energy
Upgrades (VEU) program, and the South Australian Retailer Energy Efficiency Scheme (SA REES).

1 In November 2022, the Federal Government commenced consultation on the National Energy Performance
Strategy (NEPS)5” which aims to develop a framework for improving energy performance across the economy
through energy efficiency and demand management.

New South Wales Energy Security Safeguard

New South Wales has a target for energy efficiency savings through its established Energy Security Safeguard®g,
both in general through the ESS, and at time of peak demand through the Peak Demand Reduction Scheme
(PDRS). Both are modelled, with details listed in Section 3.3.11 for energy efficiency and Section 3.3.14 for the
PDRS.

57 See https://consult.dcceew.gov.au/neps-consultation-paper.
58 See https://www.energy.nsw.gov.au/nsw-plans-and-progress/regulation-and-policy/energy-security-safequard.
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Victoria Gas Substitution Roadmap

The Victorian Government released its Gas Substitution Roadmap®° in October 2022 outlining options for
replacing gas usage (such as energy efficiency, electrification, hydrogen and biogas) to reduce emissions and

consumer costs.

Australian Capital Territory ban on new gas connections

The Australian Capital Territory Parliament in June 2023 passed the Climate Change and Greenhouse Gas
Reduction (Natural Gas Transition) Amendment Act 2023 allowing the ACT Government to develop regulation
banning new gas connections in the territory. The regulation is expected to commence in late 2023.

Table 8

Other policies affecting consumer demand

Federal

Australian
Capital
Territo ry

Australian
Capital
Territory

Victoria

Victoria

Treasury Laws Amendment (Electric Car Discount)
Bill 2022 will encourage uptake of electric vehicles
through fringe benefit tax exemption for EVs.

The ACT government is making available an $3,500
residential subsidy ($35,000 for business) targeting
deployment of 36 MW of battery storage under its
Next Generation Energy Storage scheme®.

Pensioners who own their home are eligible for up to
50% (with a cap of $2,500) of a home solar system
under its Home Energy Support scheme€.

The Solar Homes Program® policy 700,000 home
solar systems over 10 years. Policies include a
subsidy of half the cost of solar (up to a value of
$1,400) including means-tested interest free loans.
Another feature is a landlord-tenant agreement
whereby renters can also access an additional 50,000
systems.

In addition, the policy includes battery subsidies for up
to 17,500 homes. Rebates of up to $2,950 are
available.

Victorian Energy Efficiency Certificates under the
Victorian Energy Upgrades program® support both
energy efficiency investments and CER investments.

A range of fleet/sales outcomes are forecast across
scenarios; adjusting the EV forecasts to explicitly
accommodate may introduce potential for double counting of
uptake drivers. More detail is available in the CSIRO EV
report®.

Minimum addition of 5,000 batteries by 2023.

Minimum addition of 5,000 systems over five years.

Minimum addition of 70,000 residential solar systems per year
to 2028-29 with some allowance for variation between
scenarios in first two years to reflect uncertainty and updated
scheme subsidy availability (the exact subsidies available is
announced annually and can vary year to year).

Minimum addition of 5,000 residential battery systems over
the next three years, not falling below that rate thereafter.

The value of certificates is assumed to increase 2% per
annum in Progressive Change and 5% in Step Change and
Green Energy Exports.

A. CSIRO, Electric vehicle projections 2022, at https://aemo.com.au/consultations/current-and-closed-consultations/2023-inputs-assumptions-and-
scenarios-consultation.

B. See https://www.climatechoices.act.gov.au/policy-programs/next-gen-energy-storage.

C. See https://www.climatechoices.act.gov.au/policy-programs/home-energy-support-rebates-for-homeowners.

D. See https://www.solar.vic.gov.au/solar-homes-program.

E. See https://www.energy.vic.gov.au/for-households/victorian-energy-upgrades-for-households.

3.2

Emissions and climate assumptions

Decarbonisation is a significant driver affecting the pace of the energy transition.

59 See https://www.energy.vic.gov.au/renewable-energy/victorias-gas-substitution-roadmap.

50 See https://www.legislation.act.gov.au/b/db _66446/.
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Traditional drivers of energy infrastructure development such as load growth or asset replacement now need to be
considered alongside actions needed to reduce emissions, and the pace of change will be affected by both
domestic and global influences.

AEMO scenarios in this 2023 IASR are underpinned by national carbon budgets that are compatible with global
temperature targets (relating to Relative Concentration Pathways, see Section 3.2.2 for more details) by aligning
to International Energy Agency (IEA) scenarios.

The CSIROandCWCsupported AEMOOGs de veoarbon pudgets by deplbying rauttiisextara |
modelling to identify the decarbonisation efforts across the economy needed to meet these temperature
constraints. The model uses a number of decarbonisation pillars (such as electrification, fuel-switching, efficiency
improvements, and emission sequestering) to reduce emissions in a growing economy.

To achieve each temperature target, the model avoids use of temperature d@vershoots§ where short- and
medium-term action on emission reductions is delayed, aligning to a slower transition and a higher temperature
increase by the end of the century, only to see significant emission sequestering scaled up in the future, resulting
in net negative emissions in future years, and re-aligning to the target temperature outcomes.

To achieve the emissions pathways therefore relies on actions not just within the energy sector, but also in other

parts of Austr al i a ®dsgoirgdaploymenyof carpan seguestratibnaim gargicular via land use,

land use change and forestry (LULUFC). Least cost solutionsf or Australiads economy wil/l
each of the four decarbonisation pillars, and all options will benefit from earlier action to reduce the need for later,

more aggressive actions.

The multi-sector modelling translates the national carbon budgets to NEM carbon budgets that ultimately underpin
the ISP, as discussed in the ISP Methodology®t. These NEM carbon budgets (and their underlying trajectories)
recognise that the electricity sector has a key role to play as an early mover, enabling the decarbonisation of other
sectors via electrification and increased energy efficiency.

The scenarios also include a number of complementary carbon budgets, to reflect Federal Governmenté s ptwl i cy
2030, and state government policy as described in the previous sections. The derivation of NEM-wide and state-
level targets is further discussed in Section 3.2.3.

3.2.1 Alignmentto IEAS 8Vorld Energy Outlook scenarios

A E MO 2023 IASR scenarios have been alignedtothel EA6s Wor | d E(WEQ)gcgnar@sitd dnchor k
them to global narratives on developments and commitments to the Paris Agreement. By doing so, AEMO's
scenarios are consistent with global economic settings and temperature goals. | EA 6 s s @revdea a globak
backdrop to economic and multi-sector modelling. They describe economic growth and international fuel price
projections which are partly driven by global conditions and climate outcomes.

The scenarios alsohelppr ovi de context f or A Avasousrtemperatu@ sutcenies, asevell of me
as guidance to the multi-sector modelling regarding the uptake rate and limits on energy efficiency and
electrification across scenarios.

The 2022 WEO, released in October 2022, assessed three scenarios, which were also modelled in the 2021
WEO. The Net Zero by 2050 (NZE) is a normative scenario, in that it is designed to achieve a specific outcome

51 At https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp/isp-methodology.
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and show a pathway to reach it. The Announced Pledges Scenario (APS) and the Stated Policies Scenario
(STEPS) are exploratory, in that they define a set of starting conditions and then see where they lead.

The 2022 WEO did not include the previously modelled Sustainable Development Scenario (SDS), another
normative scenari o to mod.éAPS catcomesare tlosdted oSMhIdmsorespeetyy r e e s 0
particularly in terms of their temperature increase by the end of the century.

The 2021 WEO scenarios are summarised in Table 9.

Table 9 The 2021 IEAWEQO scenario summaries

IEA scenario Summary narrative

Stated Policies This scenario provides a conservative benchmark for the future because it does not take for granted that
Scenario governments will reach all announced goals. Instead, it takes a more granular, sector-by-sector look at what has
(STEPS)

actually been put in place to reach these and other energy-related objectives, taking account not just of existing
policies and measures but also of those that are under development. The STEPS explores where the energy
system might go without a major additional steer from policy makers. As with the APS, it is not designed to achieve
a particular outcome.

Announced This was a new scenario in the 2021 WEO. It takes account of all the climate commitments made by governments
Pledges S cenario  around the world, including NDCs as well as longer-term net zero targets, and assumes they will be met in full and
(APS) ontime. Theglobal trends in this scenario represent the cumlt

change as of mid-2021. The remaining difference in global emissions between the outcome in the APS and the
normative goals in the NZE scenario (last in this list) or the SDS scenarios hows t he fAambi ti on
be closed to achieve the goals agreed in Paris in 2015.

Sustainable This is a normative scenariothatmapsout a pat hway consistent with the |

Development Agreement while achieving universal access and improving air quality. Like the NZE, the SDS is based on a surge

Scenario (SDS) in clean energy policies and investment that puts the energy system on track for key Sustainable Development
Goals (SDGs)”. In this scenario, all current net zero pledges are achieved in full and there are extensive efforts to
realise near-term emissions reductions, advanced economies reach net zero emissions by 2050, China around
2060, and all other countries by 2070 at the latest. Without assuming any net negative emissions, this scenario is
consistent with limiting the global temperature rise to 1.65°C (with a 50% probability).

Net Zero by 2050 This is a normative IEA scenario that shows a narrow but achievable pathway for the global energy sector to

(NZE) achieve net zero CO, emissions by 2050, with advanced economies reaching net zero emissions in advance of
others. This scenario also meets key energy-related United Nations Sustainable Development Goals by achieving
universal energy access by 2030 and major improvements in air quality. The NZE does not rely on emissions
reductions from outside the energy sector to achieve its goals but assumes that non-energy emissions will be
reduced in the same proportion as energy emissions. It is consistent with limiting the global temperature rise to
1.5°C without a temperature overshoot (with a 50% probability).

A. The SDGs are a collection of 17 interlinked object i veesdHueprinbforipeateed by t
and prosperity for peopleandt he pl anet 0, and include goals such as no poverty, affordabl
https://sdgs.un.org/goals.

In mapping the IEAG s  12sBeBarios to the scenarios in this 2023 IASR, AEMO provides the following
observations:

i With a more stringent emission target aiming to achieve the aspirational 1.5°C target of the Paris Agreement,
and with significant structural changes in global energy consumption underpinning its narrative, the Green
Energy Exports scenario is most closely aligned to NZE.

T The | EAG6s S botnthe 20@InVEEO iis@onsistent with the Paris Agreement target of limiting
temperature increase to wel |l ®teplClange 2dér@io. whi ch aligns t

1 The Progressive Change scenario aligns best to STEPS, as it reflects currently legislated and/or funded
policy positions only. The scenario reflects a challenging global economic outlook and additional policies are
not the focus in this scenario.
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3.2.2 Alignment with the Relative Co ncentration Pathways

The IASR scenarios also map to the RCPs framework used by the Intergovernmental Panel on Climate Change
(IPCC)%2. There are multiple RCPs defined, representing trajectories of emissions and land-use and their resulting
impact on temperate increases. AEMO scenarios map to these temperature pathways as follows:

1 A E MOGrsen Energy Exports scenario sees a global drive to limit temperature rise to 1.5°C by the end of
the century, and is best aligned to RCP1.9 which targets that 1.5°C outcome.

1 The Step Change scenario is aligned to RCP2.6, which is consistent with a temperature rise less than 2°C by
the end of the century and in line with the Paris Agreement.

1 The Progressive Change scenario is aligned to RCP4.5, which is consistent with a temperature rise of
approximately 2.6°C by the end of the century.

The mapping of scenarios to IEA scenarios and RCP temperature targets is summarised in Table 10.

By mapping the 2023 IASR scenarios to global outlooks in this manner, forecast components that are influenced
by global conditions and broader economic narratives may be more internally consistently forecast.

Table 10  Mapping of scenarios between  studies

2023 IASR scenario 2021 WEO scenario RCP Framework

Green Energy Exports NZE RCP1.9
Step Change SDS RCP2.6
Progressive Change STEPS RCP4.5

Overshooting the emissions pathways

It is technically possible that a scenario could follow one RCP within the forecast period, and then transition to a

more stringent decarbonisation trajectory between the end of the forecast period and 2100. Some contemporary

scenarios used by others in the energy industry applya t empor ary ' overlevélspheforé of emi s
recovering through negative emissions that would reduce cumulative carbon emissions and eliminate the

emissions deficit, on the assumption that climate impacts of exceeding the target threshold are reversible if

sufficiently temporary. As such,a n 6 o v eapmoaah couldappear to offer a reasonable balance between

economic costs associated with rapid transitions, while achieving the climate goals in the longer term.

I n AEMOO6s anmeeshobdt apprgach would allow a higher carbon budget to apply to 2050 than would
otherwise apply. AEMO has not adopted an overshoot approach in development of the 2023 IASR scenarios and
as such do not overshoot the emissions budgets associated with their RCP-aligned 2100 temperature outcome at
any time.

3.2.3 Translating international climate scenarios to NEM carbon budgets

To ensure the scenarios adopt emissions abatement outcomes consistent with the scenario narratives and
mapping to the WEO scenarios and RCPs described above, multi-sector modelling has been used to produce
carbon budgets for the Australian economy®® as well as for the electricity sector (including a distinct budget for the
NEM), among other forecasting influences described in Section 3.3.4.

62 See, for example, https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC_AR6_WGI_Chapter04.pdf.
% The economy wide carbon budget is broadly consistent with the 2021 to 2030 carbon budget defined in the Climate Change Act (2022).
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CSI RO and CWCob6s detail ed met hodol supplementary mateniadsitoghis2@3 c an b
IASR®4,

As described in greater detail in the CSIRO/CWC report, the carbon budgets and other multi-sector modelling
considered decarbonisation investments to meet tinge scen:
economic costs associated with each defined transition, subject to physical, technological, and policy constraints,

and assuming appropriate reductions in carbon intensity from technological improvement and deployment. End-

use demand sectors including agriculture, mining, manufacturing, other industry, commercial and services,

residential, transport (road and non-road), and land use, including forestry are captured in the methodology.

NEM-wide carbon budgets

AEMOOGs model | i nsgctof pamningpurposes captare increased electrical load via electrification,
hydrogen production requirements, energy efficiency, and the NEM emissions budgets to maintain a consistent
level of abatement as forecast by the multi-sector model. For gas-sector assessments, these influences are
considered from a gas perspective, particularly the fuel-switching from natural gas to electricity, or other molecular
energy forms such as biomethane or hydrogen.

Figure 3 presents the NEM emission trajectories produced by the multi-sector modelling from 2023-24 to 2051-52
by scenario, compared to historical NEM emissions. The emission trajectories presented in the 2021 IASR (also
produced by multi-sector modelling in 2021) are included for comparison. These emissions trajectories are driven
by long-term assumptions regarding the temperature outcomes that are scenario-specific, as discussed in
previous sections.

Figure 3 Actual and forecast NEM emission trajectories from multi  -sector modelling , all scenarios
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2023 Green Energy Exports

54 https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2022/2023-inputs-assumptions-and-scenarios-
consultation/supporting-materials-for-2023/csiro-climateworks-centre-2022-multisector-modelling-report.pdf.
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In line with the ISP Methodology®®, and as applied in the 2022 ISP, AEMO will apply the aggregate NEM
emissions from the multi-sector modelingas cumul ati ve car bon buldbipdl pesentss AEMOCE
the cumulative carbon budgets that will be applied for each scenario.

Table 11  NEM cumulative carbon budgets  in 2024 ISP modelling (Mt CO -e)

Federal Government s 2030 carbon budget from | Long-term temperature -linked carbon
2024-25 to 2029-30 budget from 2024 -25 to 2051-52

Green Energy Exports 630 357
Step Change 630 681
Progressive Change 630 1,203

The NEM carbon budgets have generally reduced in comparison to the 2021 IASR, mainly due to the shift in the
modelling horizon. Comparing the cumulative emissions budgets between the 2021 and 2023 IASR modelling
over the same horizon as seen in Table 12 below, there is a reduction of approximately 9% in Step Change due to
lower levels of sequestration over the 2030s and 2040s onwards and energy efficiency forecasts.

Table 12 Comparison of long -term temperature -linked NEM carbon budgets over the period from 2023-24 to
2050-51 between 2022 IASRand 2023 IASR (Mt CO -e) (not modelled )

Green Energy Exports 453 467
Step Change 891 813
Progressive Change 9324 560"

A. The Progressive Change cumulative budget in the 2022 ISP was only applied from 2030-31 to 2050-51. The 2 0 2 3 | rAuBiRRerter modelling for
Progressive Change over the same period 2030-31 to 2050-51 demonstrates a much smaller carbon budget as there is now a 43% emissions reduction
target by 2030).

AEMOO®Gs c ar b o presentedig Bableé 11 mcludes consideration of both the 2050 trajectory to net zero, as
well as an additional carbon budget to 2030 to ensure the emissions reduction stipulated in the Climate Change
Act (2022) is achieved in all scenarios (as a minimum requirement). The Act sets out an Australia-wide carbon
budget over the period from 2020-21 to 2029-30 amounting to an indicative 4,381 Mt COz-e. After applying
insights from the multi-sector modelling observed across the scenarios, and in the absence of a sectoral-
equivalent budget for the electricity sector, AEMO has calculated the resulting carbon budget for the NEM equal
to 630 Mt COz-e.

AEMO will model the budgets presented in  Table 11 in the 2024 ISP, applied to the noted modelling
horizons .

Across all the scenarios, Australia is required to achieve net zero emissions by 2050 at the latest. This is a net
zero target, rather than a gross zero target, and the use of carbon sequestration provides an important
contribution to this goal, including from sequestration opportunities from the land use, land use change and
forestry (LULUCF) sector®® or DAC (see Section 3.3.4).

5 At https://aemo.com.au/-/media/files/major-publications/isp/2021/2021-isp-methodology.pdf.

5 LULUCF can sequester carbon via the conservation of high-carbon ecosystems, combined with increased afforestation, reforestation, and
agroforestry rates, or through investment in technology-based solutions such as CCS.
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State -level carbon budgets

A number of jurisdictions have committed, or announced intentions to commit to, state based emissions reduction
targets. As discussed in Section 3.1, AEMO incorporates these state-wide targets as carbon budgets for NEM
activities within each jurisdiction.

Table 13  Legislative instruments enabling the s  tate -level e mission reduction ambitions

Australian Capital Territory Climate Change and Greenhouse Gas Reduction Act 2010*

New South Wales Currently unlegislated, but legislation expected for the 2030 and 2050 targets

Targets were announced via the New South Wales Climate Change Policy Framework 2016 and
underpinned by the Net Zero Plan Stage 1

Queensland -
South Australia 60% reduction by 2050 legislated via Climate Change and Greenhouse Emissions Reduction Act 2007
Tasmania Target of net zero emissions or lower from 2030*
Victoria 2025, 2030, 2035, and 2050 legislated via Victorian Climate Change Act 2017
Legislation expected for 2045 targets.
AWhile TaasmaniAadsral i an |eyslptédiclanbte change targétaimytadashieve net zero emissions, AEMO recognises the low

emissions intensity of the electricity sector for these jurisdictions, and considers that an electricity-sector equivalent carbon budget would be
inappropriate to reflect the economy-wide application of the legislations for these regions.

AEMO has derived carbon budgets for the state targets using a similar approach to the NEM-wide carbon budget.
The states 6conomy-wide targets are scaled to electricity sector targets using factors based on the NEM
emissions figures from the Clean Energy Regulator and economy-wide emission figures from Australia& National
Greenhouse Accounts.

The state carbon budgets are developed by applying a linear trend between key milestone years that are stated in
any state objective (for example, if needing to meet a specific objective by 2030, and by 2050, then the trajectory
for achieving these is linear between the start of the modelling and 2030, and again from 2030 and 2050). Carbon
budgets are then created to be equal to the cumulative carbon targets across all years.

Unlike the NEM-wide carbon budgets, AEMO proposes to model these as soft constraints, such that the model
may choose to breach them at a cost if it was part of the most optimal solution. This is considered appropriate
because these targets are net zero targets (not zero emissions) and some level of NEM emissions may be
appropriate and cost-efficient if offset by emissions savings or carbon sequestration in other sectors, especially in
light of the zero or very close to zero targets in some states.

Table 14 below presents the resulting carbon budgets that will be modelled for each of the states. More
information is available in the 2023 IASR Assumptions Workbook.
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Table 14  State carbon budgets in the 2024 ISP (Mt CO -e)

2024-25 to 2029-30 2030-31 to 2051-52 2024-25 to 2051-52

New South Wales Not applicable
Queensland Not applicable Not applicable Not applicable
South Australia Not applicable Not applicable 65
Tasmani a Not applicable Not applicable Not applicable
Victoria 218 166 Not applicable

3.3  Consumption and demand: historical and forecasting components

AEMO updates its projections of energy consumption and demand at least annually. AEMO&6s Forecastin
Approach applies methodologies that examine electricity and gas customer segments, and enables forecasting of

key forecast components affecting those customer segments. This approach enables appropriately granular

models to be deployed in a way that provides transparency of method and influence on energy consumption, and

enables scenario diversity where key uncertainties exist. Updates to these forecast components are informed by
stakeholder consultation through the FRG and other engagement opportunities where appropriate, and consider a

range of forecasting components, including:

1 Economic and population growth drivers.

1 Climate and weather.

1 CER.

i Large industrial loads (LILs), informed by stakeholder surveys.

i Electrification and other fuel-switching opportunities in the context of possible decarbonisation pathways.
1 Energy efficiency.

AEMO uses a range of historical data to train models for developing electricity consumption component forecasts.
Historical data are updated at varying frequencies, from live meter data to monthly, quarterly, or annual batch
data, and include:

1 Operational demand meter reads.
i Estimated network loss factors.
Other non-scheduled generators.
Distributed PV uptake.

Battery storage uptake.

Gridded solar irradiance and resulting estimated distributed PV normalised generation.

== =2 =2 A4

Weather data (such as temperature and humidity levels).

57 Updated forecasts (within a year) can be issued in case of material change to input assumptions.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 45



Inputs and assumptions

The Electricity Demand Forecasting Methodology® and Gas Demand Forecasting Methodology Information

Paper®® detail how model inputs are applied to develop electricity and gas forecasts for energy consumption, and

maximum and minimum demand. The resulting aggregate forecasts that consider these components, and apply
AEMOG6s forecasting approach d arsavailable erdA B MO 6tsh eFsoer ented.sht oi dnogl

The following sections describe the individual model inputs and component forecasts. Where appropriate,
comparisons are made with this 20231 ASRO s s c e n aelevant2024 ISR sceratios.

3.3.1 Historical demand data

Input vintage 9 March 2023 for demand data
1 May 2023 for loss data
1 May 2023 for auxiliary load data

Source  SCADA/EMMS/NMI Data
9 Generation Information page
1 AER and network operators

Updates since Draft IASR 1 Updated loss data

Operational demand

Operational demand as generated is collected through the electricity market management system (EMMS) by
AEMO in its role as the market operator. Operational demand as generated includes generation from scheduled
generating units, semi-scheduled generating units, and some non-scheduled generating units’*.

Generator auxiliary load

Estimates of historical auxiliary load are determined by using the auxiliary rates provided by participants through
A E MO Generation Information survey process. This is used to convert between operational demand
as-generated (which includes generator auxiliary load) and operational demand sent-out (which excludes this
component).

Network losses

The AER and network operators provide AEMO with annual historical transmission loss factors. The AER also
provides AEMO with annual historical distribution losses which are reported to the AER by distribution companies.
AEMO uses the transmission and distribution loss factors to estimate half-hourly historical losses across the
transmission network for each region in MW or megawatt hours (MWh).

Large industrial loads

A E M O Blectricity Demand Forecasting Methodology defines a methodology for identifying large loads for
inclusion in the LIL sector. AEMO collects the historical consumption of these LILs from National Metering
Identifier (NMI) meter data.

68 At https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2022/forecasting-approach-electricity-demand-
forecasting-methodology.pdf.

89 At https://aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2023/2023-gas-statement-of-opportunities-methodology---
demand-forecasting.pdf.

70 At https://forecasting.aemo.com.au/.

" A small number of exceptions are listed in Section 1.2 of https://www.aemo.com.au/-/media/Files/Electricity/NEM/Security _and_Reliability/
Dispatch/Policy and Process/Demand-terms-in-EMMS-Data-Model.pdf.
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Residential and business demand

AEMO splits historical consumption data (excluding industrial loads identified above) into business and residential
segments using a hybrid bottom-up and top-down approach, as detailed in Appendix A6 (Residential-business
segmentation) of the Electricity Demand Forecasting Methodology. The bottom-up approach is based on sampling
of AEMO residential meter data. The top-down approach considers annual ratios between the two segments
provided by electricity distribution businesses to the AER as part of their processes in submitting a Regulatory
Information Notice.

Distributed PV uptake and generation

AEMO sources historical PV installation data from the Clean Energy Regulator and applies a solar generation
model to estimate the amount of power generation at any given time. Refer to Section 3.3.8 for details. AE MO s
Distributed Energy Resource (DER) Register’? is used for validating the historical PV installation data.

3.3.2 Historical weather data

Input vintage March 2023
Source Bureau of Meteorology (BoM)

Updates since Draft IASR Added most recent BoM data to train forecasting models

AEMO uses historical weather data for training the annual consumption and minimum and maximum demand
models as well as forecast reference year traces. The historical weather data comes from the Bureau of
Meteorology (BoM), using a subset of the weather stations available in each region, as shown in Table 15.

AEMO selected these weather stations based on data availability and correlation with regional consumption or
demand. AEMO uses one weather station per region, except where weather stations have been discontinued.

Table 15  Weather stations used in consumption, minimum and maximum demand forecasts
New South Wales Bankstown Airport AWS January 1989 ~ Now 066137
Queensland Archerfield Airport July 1994 ~ Now 040211
South Australia Adelaide (Kent Town) October 1993 ~ July 2020 023090

Adelaide (West Terrace) July 2020 ~ Now 023000
Tasmania Hobart (Ellerslie Road) January 1882 ~ Now 094029
Victoria Melbourne Regional Office January 1955 ~ January 2015 086071
Melbourne (Olympic Park) May 2013 ~ Now 086338

2 For more information, see https://aemo.com.au/energy-systems/electricity/der-register/about-the-der-register.
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3.3.3 Historical and forecast other non  -scheduled generators (ONSG)

Input vintage February 2023 for installed capacity (Generation Information page)
March 2023 for historical and forecast ONSG generation

Source i Generation Information page
i Settlements data
9 NMI data
i DER Register

Updates since Draft IASR Updated installed capacity and added generation forecast

AEMO reviews its list of other non-scheduled generators (ONSG, which is non-scheduled generation that
excludes distributed PV)usi ng i nf or mat iGeneratibrrirformatie® Meatdsst obtained through
surveys, and supplements where applicable with submissions from network operators, the DER Register and
publicly available information.

For ONSG generation, AEMO uses the generators Dispatchable Unit Identifier (DUID) or NMI to collect historical
generation output at half-hourly frequency.

AEMOOGs curr ent isgontaned imthe Gereratien Information page. As at the February 2023 release,

used for the development of the energy and demand forecasts, aggregate capacity by region is shown in Figure 4

below. Note that this excludes any ONSG that is used solely as peaking capacity, as these generators are

model |l ed as part of AEMO6s DSBld).orecast instead (see Se:

Figure 4  Aggregate ONSG capacity , by NEM region (MW)
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AEMO forecasts commissioning or withdrawal of ONSG generators based on firm commitment statuses of these
generators in the short term and applying historical trends of ONSG by technology type (for example, gas or

73 At https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-
planning-data/generation-information.
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biomass-based cogeneration, or generation from landfill gas or wastewater treatment plants) for the Step Change
scenario in the long term.

For the Progressive Change scenario, the same withdrawal of capacity is modelled, but forecast growth is slightly
slower. The Green Energy Exports scenario on the other hand has significant more growth assumed for
renewable technologies (small-scale wind and biomass). Figure 5 shows the NEM-wide installed capacity for the
three scenarios.

Historical capacity factors by technology type are used to forecast generation using the projected installed
capacities, offsetting the electricity consumption in the forecast.

Figure 5 Forecast NEM -wide other non-scheduled generation capacity
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3.3.4 Multi-sector modelling influences to demand forecasts

Input vintage July 2023
Source CSIRO and CWC
Update since Draft IASR 1 Adjusted residential electrification in line with analysis of AEMO meter data that suggested

limited electrification to date (similar analysis was done for the 2023 GSOO)
9 Smoothed industrial electrification

9 Updates of fuel-switching to hydrogen and biomethane including reduced hydrogen blending
into distribution networks in Green Energy Exports, and development of the Electrification
Alternatives sensitivity.

AEMO engaged consultants CSIRO and CWC to model least-cost pathways for the Australian economy to
achieve emissions targets within the parameters of scenario-based demand drivers, including economic growth,
CER and road transport EV forecasts affecting the domestic and export economy where relevant. This included
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consideration of the mix of energy forms appropriate to achieve these targets, including the potential development
of alternative gaseous fuels (such as hydrogen and biomethane).

Using the CSIRO and CWC AUS-Times model, this multi-sectoral approach provides whole-of-economy
interactions, by simultaneously considering a range of options available to meet scenario-specific emissions
targets at the least cost. The emissions targets align to specific global temperature outcomes, informed by the
RCP and IEA WEO scenario definitions (See Table 4 in Section 2.3 for key scenario parameters).

Theoptionst o transi ti on Ahroadlyralgh with fous pillare ab decarhgnisation, and the scenarios
apply varying levels of each pillar to meet the intent of the scenario narratives and factoring the uncertainty
around future technology improvements, costs, and barriers to deployment. These pillars complement traditional
component forecasts outlined in subsequent sections, considering scenario drivers that may not be readily
captured by trend-based or historical regression modelling.

The four pillars are:
i1 Energy efficiency to improve energy productivity and reduce energy waste.
i1 Decreasing carbon intensity of electricity generation to near zero.

1 Switching away from fossil fuels  to zero or near-zero emissions alternatives, including electrification and
alternative gases.

1 Non-energy emissions reduction and offsetting of residual emissions through sequestration (mainly in the
land-use sector).

The scenarios consider all four pillars of decarbonisation to varying degrees, to align with the scenario narratives
and to reflect the uncertainty around future technology improvements, costs, and barriers to deployment. Figure 6
illustrates the scale of utilisation of the four pillars across the scenarios.

Figure 6 Forecast u tilisation of the four pillars of decarbonisation , by scenario
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The model outputs that have been explicitly used to inform this 2023 IASR include:

1 Future energy consumption trends and fuel-switching opportunities, particularly the electrification of other

sectors

of

for BMM and LIL growth.

A u s.tOutpuls weaetalso adoptednas long term primary energy consumption drivers

1 National and NEM emissions pathways (see Section 3.2.3 for further details), including forecast needs for
emission sequestration via land use sequestration, direct air capture, and carbon capture and storage.

1 Domestic hydrogen demand, as a substitute for other energy sources, complementing assumed hydrogen
export demand in the scenarios (see Section 3.3.6 for further details).

Table 16 describes, at a high level, the key assumptions and outcomes from the multi-sector modelling. Further
details may be found in subsequent subsections and the CSIRO and CWC supporting report™.

Table 16

Key assumptions and outcomes from the multi

-sector modelling

_ Green Energy Exports Step Change Progressive Change

Electrification
(Section 3.3. 6)

Carbon
sequestration across
NEM states

(see below)

There is a high degree of
electrification investment across
many sectors. Even with homes
and businesses having the option
of relying on alternative gases
(such as hydrogen and
biomethane) for their heating
requirements, this scenario has the
strongest amount of electrification
overall, including high contributions
from transport and industry i

35 TWh in 2030 and 142 TWh in
2050, owing to high rates of
electrification in the industrial
sectors.

This scenario has the strongest

amount of electrification overall,

including high contributions from
transport and industry

This scenario includes significant
use of emissions sequestration to
maintain alignment to the 1.5°C
aligned decarbonisation pathway
for the Australian economy. These
activities commence at the earliest
relative timing of all scenarios.

Sequestration increases then
stabilises at approximately 142 Mt
COy-elyear (million tonnes of
carbon dioxide equivalent per year)
in 2034. Direct air capture (DAC)
plays a role in capturing emissions
from 2030 but early activities in
other sequestration and land use
activities reduce the reliance on
this emerging technology.

The degree of electrification is
high, particularly from the transport
sector, where EVs soon become
the dominant form of road
passenger transportation as state
targets are assumed to be met.

Consumers switch from gas to
electricity to heat their homes, and
electrification investments reduce
the emissions intensity of
manufacturing and other industrial
activities with appropriate
decarbonisation of the electricity
sector.

This scenario has the second
largest amount of electrification
overall 1 25 TWh in 2030 and
121 TWh in 2050.

This scenario gradually increases
the use of sequestration, with 26
Mt CO,-elyear in 2030 and 65 Mt
CO,-elyear in 2040 sequestered.
By 2050, sequestration provides
159 Mt CO,-elyear of emissions
offsets.

DAC starts in the late 2030s, and is
a more reliant form of
sequestration to meet emissions
reduction objectives given the
slower pace of activities than in the
Green Energy Exports scenario.

Investment in residential and
commercial electrification is more
muted due to challenging economic
conditions.

This scenario has a moderate
amount of electrification i 16 TWh
in 2030 and 82 TWh in 2050.

Transportation electrification
provides a relatively large
contribution to electrification as
growth in EVs increase
progressively through the 2030s
and beyond. The rate of transport
electrification though is the lowest
of all scenarios.

Sequestration progressively
increases to 38 Mt CO,-e/year by
2030. After nearly a decade at that
level, it then increases over the
period to 2050, reaching 162 Mt
CO,-elyear in 2050.

DAC is deployed latest across all
scenarios but provides a material
contribution to the means by which
Australia meets net zero 2050
targets in the last decade of the
forecast horizon.

7 CSIRO and CWC 2022 Multi-sector modelling report, at https://aemo.com.au/consultations/current-and-closed-consultations/2023-inputs-
assumptions-and-scenarios-consultation.
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_ Green Energy Exports Step Change Progressive Change

Fuel-switching and Natural gas use declines quickly, Natural gas use declines quickly Natural gas use declines gradually
alternative gas replaced by a combination of over the period to 2050. It is over the period to 2050, although
production (Section electrification and alternative replaced by a combination of high lower economic conditions also
3.3.7) molecular fuels including hydrogen  electrification and moderate provide a disruptive influence to
and biomethane. hydrogen production. industrials. Gas use is replaced by

a combination of electrification and
small amounts of hydrogen in the
early years. In the late 2040s
biomethane replaces more of the

The scenario assumes technology Biomethane is not competitive
and cost breakthroughs, enabling without subsidies in this scenario.

significant scaling of hydrogen and NEM-connected hydrogen exports

hydrogen-related facilities for (and hydrogen-based technologies . a1ural gas
export (and domestic use to a such as green steel or ammonia) e
lesser scale). are present but very limited

Biomethane production is strongest compared to Green Energy Exports

overall in this scenario. scenario.

Carbon sequestration

AEMO incorporates varying levels of carbon sequestration in the scenarios in order to achieve the carbon budgets
that apply in net zero emission futures. Emissions can be sequestered via land-use sector sequestration
(capturing carbon via natural biological processes), via the use of direct air capture (DAC) technologies, or via the
use of carbon capture and storage (CCS) technologies from emitting processes. Figure 7 below presents the
estimated emissions captured from sequestration activities in the NEM.

Figure 7 Carbon sequestration due to land  -use sequestration and process -based carbon capture and storage in
NEM states
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The emergence of DAC is subject to technological deployment and cost uncertainty but provides an anticipated
level of emissions abatement that may enable negative emissions outcomes in future years. As discussed above
in Table 16, DAC is assumed to become technically and commercially feasible at some scale around 2040 in all
scenarios, and in some scenarios provides a material portion of the longer term growth in total sequestration
outcomes by 2050. Assumed to be a relatively expensive option, DAC deployment will be naturally lessened if
actions are taken earlier to reduce the carbon intensity of the economy.
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3.3.5 Electrification

Input vintage 9 July 2023 rebase for non-transport electrification data
9 March 2023 for transport electrification data

Source 9 CSIRO and CWC (multi-sector modelling)

9 CSIRO (road transport modelling, incorporating data from Federal Chamber of Automotive
Industries, Electrical Vehicle Council, Origin Energy, Energex and Ergon Networks)

Update s since Draft IASR 1 Rebased to 2022-23

1 Rebased residential electrification in line with analysis of AEMO meter data that suggested
limited electrification to date (similar analysis was done for the 2023 GSOO)

9 Smoothed industrial electrification
9 Road transport model forecasts rebased based on March 2023 actuals

Decarbonisation of the Australian economy requires emissions-intensive energy sources for residential,
commercial and industrial processes to shift towards low and no emissions alternatives. In considering
electrification, AEMO includes the potential electrification of future NEM loads (including the transport sector), and
expansion of existing grid-connected loads.

The cost-efficiency of electrification depends on many factors including appliance replacement costs, electricity
infrastructure capabilities and costs, and the availability of alternative low emissions fuels, such as hydrogen and
biomethane. AEMO has therefore considered a range of electrification outcomes, with the Green Energy Exports
scenario adopting both a high degree of electrification and fuel-switching to hydrogen.

In the residential and commercial building sectors, space heating, cooking, and water heating appliances can all
be electrified from gas or liquefied petroleum gas (LPG). It is also noted that a proportion of existing LPG use may
transition to bio-LPG where electrification is not practical. Electrification of the transport sector is expected in all
scenarios, although the pace and magnitude of electrified transportation also varies across scenarios.

The industrial sector comprises a range of subsectors, each with their own fuel use characteristics. While most oil
and gas demand can be electrified (or switched to alternative gases), high-heat processes are challenging to
electrify without further technological advances. Examples of such processes are the direct reduction process for
iron and steel, and high temperature blast furnaces. Scenarios requiring faster emissions reduction assume
greater technological advances to achieve the emissions reduction goals (potentially driven by domestic or
international research initiatives, or early-adopter or policy support).

Figure 8 below shows electrification forecasts, including transport. By 2050 at least 82 terawatt hours (TWh) of
new electricity supply is required i almost halfo f t h e cuNdht\dpesational consumption. The Step Change
and Green Energy Exports scenarios show accelerated electrification for the residential, commercial and industrial
sectors compared to the Progressive Change scenario. The residential sector alone contributes between 11 TWh
and 14 TWh in 2050.

Slower investment in electrification is forecast compared to the 2021 IASR scenarios primarily due to lower

electrification forecasts for industry, and less evidence to date of the scale of widespread electrification that was

anticipated in the near term previously. The multi-sector modelling for this 2023 IASR includes more granular

representation of industrial processes and increased consideration of technical and commercial limits informed by

work on the Australian Industry Energy Transitions Initiative (ETI)7. On the other hand, the increased
commitments towards electrification included within eac!

s Australian Industry Energy Transitions Initiative, at https://energytransitionsinitiative.org.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 53


https://energytransitionsinitiative.org/

Inputs and assumptions

increased commitments to the Paris Agreement and the Safeguard Mechanism affecting industrial facilities) has
resulted in increased forecast electrification for the Progressive Change scenario compared to the lowest of the
2021 | ASR s c e rBlaw Change stepadlid.1 6 s

Figure 8 Total electrification forecast per scenario, including transport
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Figure 9 breaks down electrification by sector in the Step Change scenario. Transport electrification is forecast to
contribute an increasing share of electrification, 36-50% of total in 2035 and 55-66% in 2050 across the range of
scenarios. Industrial electrification is forecast to take up the largest share in the remaining sectors, driven by
technologies like mechanical vapour recompression (MVR), electric boilers, and electric calcination in alumina
refining. Technologies to electrify mining processes and a shift towards the uptake of electric haulage trucks
would also contribute to industrial electrification. In contrast, electrification in Victoria is forecast to be driven
primarily by residential consumers, owing to the large amount of gas currently used to heat homes.

Figure 9 Breakdown of electrification by sector, Step Change , 2022-23 to 2053-54
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Impact of electrification on daily and seasonal load shape
In converting non-transport electrification into half-hourly data, AEMO assumes:

1 Business consumption shows relatively low seasonality, on aggregate, and therefore electrification of the
business sector (including industrials) approximates a baseload.

1 Residential electrification is primarily driven by gas to electricity fuel-switching. To maintain heating load
seasonality, AEMO assumes that electrified loads maintain the shape of current residential and small
commercial volumetrically tariffed (ATariff Vo) gas | o

Newly electrified loads are assumed to mirror existing electricity temporal consumption patterns, generally with
more load in the day than overnight. Figure 10 contrasts two example daily load profiles of residential and
business electrification (excluding the transport sector). The business electrification load is assumed to be flat
across the year and across the day as large industrial loads electrify their processes. The residential load profile
varies across the day and is much higher in winter compared to summer due to heating load.

The electrification component only captures the energy needed to perform the activities previously performed by
alternative fuels, with inherent fuel-conversion efficiency gains as appropriate. Changes in the efficiency of the
individual appliances over time are captured separately within the Energy Efficiency component (see

Section 3.3.11).

Figure 10 Example electrification da ily load shape contrasting winter and summer  (Victoria 2050-51, Step Change
scenario )
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Bectrification of the  transport sector

The replacement of internal combustion engines with battery electric vehicles (BEVs), and plug-in hybrid electric
vehicles (PHEVSs) is a considerable disruptor to current energy use and carbon emissions that will affect the
infrastructure needs of the power system. Consumersétransport re-charging needs (and options) will contribute
significantly to future daily demand profiles for the NEM.

Electric vehicles (EVs) represent a significant opportunity for consumers to contribute to optimising power system
outcomes, and it will be valuable for consumerstore-i magi ne their vehicle 6fuellingé
charging replaces the less regular trips to the petrol bowser. Consumer participation in schemes that allow
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orchestration of charging will be valuable, and such behaviour is assumed to differing extents across the
scenarios.

Detailed modelling of EVs in the Australian transport sector was carried out by CSIRO, with key results regarding
vehicle uptake and driving distances an input to the CSIRO multi-sector modelling. The EV forecast considers a
range of new government strategies and policies that have been introduced since the 2021 IASR, in addition to
the pre-existing state policies. State EV strategies include uptake targets (for example, 50% sales share for EVs
by 2030), subsidies, public charging infrastructure funding and changes to road user charges. As noted in
Section 3.1, the EV modelling interprets the impact of the policies as a range of possible fleet/sales outcomes
across the scenarios. More detail is available in the CSIRO EV report’®.

The EV forecast is influenced by EV sales data from peak bodies and government departments, trial data on
charging behaviour and public charging electricity use data. The latter public charging data has increased
AEMOO®s und e r fast changéridengnd rbfiles.

This section describes the scale of transport electrification relative to other economic sectors, the uptake of EVs in
the transport fleet, and their impact on electricity consumption in the NEM (annual and half-hourly). More data is
available in the 2023 IASR EV Workbook™”.

Relative scale of transport electrification versus other sectors

Transport electrification contributes a significant overall emissions reduction and is forecast to provide
approximately half the newly electrified NEM load. The passenger and small commercial vehicle fleet is forecast
to be dominated by EVs in future, encouraged by strengthening government policies, while heavier transport may
be slower to electrify and/or require alternative fuel sources such as hydrogen fuel cells (affecting the domestic
demand for hydrogen). Biofuels could be extremely important in industries such as aviation, which currently lacks
an electric alternative for commercial-scale transport.

The current EV fleet size (as at end March 2023) across the NEM is approximately 0.5% of the total road
transport fleet’®, EV uptake over the last year has exceeded previous forecasts, as pandemic-related disruption
has been minimised to some extent by EV manufacturers developing their own supply chains and new contracting
arrangements. The high level of pre-orders has provided more certainty to drive ongoing EV production. Even so,
demand has exceeded supply, and overall vehicle and model availability is impacting uptake, and there remains
reasonable potential for supply chain disruptions, which is considered within the scenario forecasts.

Figure 11 shows the projections for BEV and PHEYV fleet size in the NEM by scenario, compared to the 2021
IASR.

The Step Change scenario assumes cost parity with ICE vehicles by 2027, aided by a range of EV strategies by
Australian governments and continued expansion of global EV production capacity. BEV fleet numbers are
forecast to reach between 12 to 23 million (63% to 97% of whole fleet) by 2050 across the scenarios, with the
Green Energy Exports scenario reaching maximum penetration by 2045; sales after this point are due to
replacement of retiring vehicles and the impact of population growth only. This inflection point occurs later in the
other scenarios.

6 CSIRO, Electric vehicle projections 2022, at https://aemo.com.au/consultations/current-and-closed-consultations/2023-inputs-assumptions-
and-scenarios-consultation.

772023 IASR EV workbook, at https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-
plan-isp/current-inputs-assumptions-and-scenarios

8 See https://www.fcai.com.au/sales/get-vfacts.
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Figure 11  Projected BEVand PHEYV fleet size by scenario , 2020 to 2054
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Electricity consumption from  EVs

AEMO recognises that EV users will adopt a wide range of charging behaviors and technologies, and that these

will change day to day, and over the longer term as electrified transport becomes commonplace, and

infrastructure, charging technologies and tariffs adapt to this emerging sector. An individual user will switch

between different charging methods frequently, dependingontheinf | uences that affect each
habits. AEMO6s el ectricity coB&\Winoyldgsillowanceforr ecasting for

1 the availability, popularity, and technical characteristics of home, business and public charging facilities;

1 evolving vehicle mix (including motorcycles, passenger and commercial vehicles of different sizes, trucks and
buses);

i varying travelling distances; and
1 market share of short range and long-range vehicles.

Annual consumption is predominantly informed by vehicle mix and travelling distance assumptions, while the
instantaneous demand across the day is influenced by all these factors, In this section, AEMO presents a
normalised consumption and vehicle charging profile; this represents the average vehicle considering all of these
factors, rather than reflecting the behaviour of any individual consumer.

Annual consumption

Electricity consumption from BEVs is shown in Figure 12, informed by vehicle type mix and travelling distance
assumptions. Compar ed t ooresdstvhClddss agréafeldsharefofSaRger andimors energy
intensive passenger vehicles (based on the latest uptake data) so consumption has increased by a greater
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percentage than by vehicle count” alone. The projected consumption of almost 90 TWh by EVs by 2050 in the
Green Energy Exports scenario equatestoal most hal f of todayobés total operatd.i

Figure 12 BEV and PHEV electricity consumption by scenario
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Daily charging types and profiles

A range of half-hourly charging profiles were developed for each vehicle type and charging type, and vary across
the months and years, to account for travel variation and assumed yearly improvements in vehicle efficiency
affecting new vehicles. There are also variations across state, and between weekdays/weekends.

The profil es arreflectng the expected average Isad pey \&hicle on a given day, rather than
representing a typical individual vehicle. This diversity-reflective profile is much lower than individual charger
capacities, as each vehicle typically may only charge once or twice a week. The profiles are also normalised to
7kWh for easy comparison of shapes between profiles, being a nominal charging volume needed to recharge a
typical sized vehicle for an average daily travel distance (30km). The profiles are later scaled to reflect the
aggregate cohorts of vehicle types and sizes from the uptake forecast.

The vehicle charging types used by AEMO include a mix of static and dynamic profiles, described as follows:

i Static profiles supported by wall socket and dedicated high power chargers (AC level 1 and 2 respectively, with
the latter including three phase versions), available at homes, car parks, shopping centres or workplaces:

0 Convenience i driven by u s e liféstgle choices other than cost reduction, and occurs at a residence

0 An EV owner adopting this charge profile typically would charge their vehicle when returning to the
home each evening, with some workplace or carpark charging as well. Charging preference has
little regard to electricity costs.

® CSIRO, Electric vehicle projections 2022, at https://aemo.com.au/consultations/current-and-closed-consultations/2023-inputs-assumptions-
and-scenarios-consultation.
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0 &martddaytime i driven by consumer adoption of time of use (TOU) tariffs with charging targeted to reduce
peaks, with a focus on daytime charging

o An EV owner adopting this charge profile typically would take advantage of charging opportunities
at home, or away from home, that are focused during the daytime hours, absorbing solar
production at potentially lower costs to the driver.

0 &martdnight-time 1 driven by consumer adoption of TOU tariffs with charging targeted to reduce peaks,
with a focus on night-time charging.

o An EV owner adopting this charge profile typically would have higher overnight charging than the
6smart daytimed owner , tthypihoalsleyh od td dledspEeraekb wetv eanfi tr
daytime charging would be used as well, if convenient.

0 Fast charging i unlike the above static charging profiles, this is enabled by DC fast public charging
(Level 3) and ultra-fast public charging (Level 4), and available only at public locations with dedicated
infrastructure.

o An EV owner adopting this charge profile would typically charge rapidly while stopped at highway
facilities, or at carparks, or workplaces with dedicated facilities. Given these activities typically occur
during daytime hours, this profile has a daytime bias.

1 Dynamic proflessupport the wuser in managing their household o
compensating the user for use of the vehicl edBcludesat t er y
pure load profile, and those that have two-way energy flows:

0 Coordinated charging 7 vehicle charging is assumed to be optimised by retailer or aggregator to occur
when demand otherwise is low (typically associated with high PV generation). This profile does not include
energy flows from the EV battery to the home or grid.

0 Vehicle to Grid (V2G) i allows use of the vehicle as a battery, storing energy which can be called on by a
retailer or aggregator to supply back into the grid.

0 Vehicle to Home (V2H) i allows use of the vehicle as a battery, storing energy which can be called on by

the residentdés energy management system to supply bac

The charging profiles are detailed in the 2023 IASR EV Workbook published with this 2023 IASR#. Note that
charging to support subsequent discharging for home/grid is not included in the workbook as it is determined
dynamically in the modelling.

Figure 13 represents the 2023 IASR half-hourly charging profiles of all the different static charging types. The
profiles below are shown for a typical January weekday in New South Wales, under the Step Change scenario.

802023 IASR EV Workbook, at https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-
plan-isp/current-inputs-assumptions-and-scenarios.
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Figure 13  Static ¢ harging profiles of different EV charging types for residential vehicles in New South Wales
normalised to 7kWh/day
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Figure 14 below shows typical convenience and fast charge profiles used in this 2023 IASR, compared to profiles
applied in the 2021 IASR.

Figure 14 Normalised after diversity EV charging profiles (medium -sized residential EVs in Victoria based on a
typical January weekday, 2030, Step Change scenario)
1.4
1.2
gt
1.0 'f \‘
i ! \
. 08 4 \
@ ! \
o ] \
= 0.6 ] \
x Pobal [N

0.4

0.2
00 o oeessseeea.”

O D L L H OH OH OH D H D OH OO D D D OB O OH OB O H O H
S R R S G Sl SRR A SR SR R S S S N s o
Hour of day
=== 2021 Convenience 2023 Convenience

=== 2021 Fast 2023 Fast

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 60



Inputs and assumptions

The convenience profile for this 2023 IASR was informed by new data made available from a range of Australian
trials, including Energex and Ergon Energy Network and Origin Energy®l. The 2021 IASR convenience profile
peaked at an average of almost 1.2 kilowatts (kW) per EV, based on the assumed diversity of vehicle charging,
and assumptions regarding the relative popularity of dedicated (AC level 1 and 2) chargers. New trial data
indicates that dedicated high power chargers (AC level 2) are less popular than previously assumed, so the lower
charging peak of 0.6kW is considered appropriate.

The fast charge profile used in 2021 was based on traffic movements as the best available proxy while public
charging data was scarce. It showed mostly daytime demand with two peaks. For the 2023 IASR, AEMO
developed a new fast charge profile based on analysis of public fast charger meter data. The new data shows a
single flatter peak during the day, reflecting less correlation with traffic movement.

Notethes e nor mal i sed, 6after diversityd profiles arManynot
factors, such as the overall popularity of each charging type, and their popularity trends over time, are needed to
model overall EV charging demand trends.

The popularity of the charging types will change over time due to technology improvements, infrastructure
availability and relative cost effectiveness. TOU tariffs and increasing uptake of dynamically controlled charging is
forecast to drive a shift in consumer behaviour to more middle-of-the-day charging to reflect the assumed pass-
through of broader grid cost savings from these behaviours.

Figure 15 illustrates the popularity of EV charging types in the Step Change scenario for residential medium
vehicles in New South Wales, and Table 17 provides further snapshots for 2030 and 2050 across different
scenarios for the same state.

AEMO forecasts that smart charging will be preferred to convenience charging over time and will be most
prevalent in scenarios that embrace a more rapid and broad transition, such as in Green Energy Exports and Step
Change.

81 See:

9 Energex and Ergon Energy Network 2022, EV smart charge (Queensland) insights: Issue 2 Weekend and weekday consumption
profiles, Ergon Energy.

1 Ergon Energy Network 2022, EV smart charge (Queensland) insights: Issue 5 Diversified charging profiles, Ergon Energy.
1 Origin Energy 2022, Origin Energex EV smart charging trial: Lessons learnt report, ARENA.
1 Origin Energy 2021, Origin EV smart charging trial: Interim report, ARENA.

1 Philip, T., Lim, K. and Whitehead, J. 2022, Driving and charging an EV in Australia: A real world analysis, Australasian Transport
Research Forum, 28-30 September, Adelaide, Australia.
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Figure 15  Split of charging types for medium residential vehicles ( New South Wales , Step Change )
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Table 17  Popularity of EV charg ing types for residential vehicles in New South Wales, by scenario for 2030/2050

Convenience Day Fast charge | Night Coordinated V2G V2H
(%) (%) (%) (%) (%) (%) (%)

2030
Green Energy Exports 52 8 8 26 2 2 2
Step Change 57 8 8 25 2 0 0
Progressive Change 54 6 10 30 0 0 0
I ™ S
Green Energy Exports 23 21 0 0 22 17 17
Step Change 35 22 0 0 20 11 11
Progressive Change 58 16 10 6 0 5 5

Figure 16 illustrates the modelled typical daily energy consumption for all vehicles in the NEM for Step Change on
a typical January weekday in 2030, 2040 and 2050. The solid lines show consumption patterns to charge the EV
fleet. The dashed lines isolate vehicles that include two-way operations, providing dynamic use of spare battery
capacity and therefore consumption patterns exceed the driving needs of the owner (but discharge spare stored
energy at other times of the day when available also, to reduce household or grid needs). The coordinated
chargingt y p e 6 s is pot shdwn ds & will reflect dynamic orchestration decisions.

Where the dashed line is greater than the solid line, EV batteries are charging for later discharge to the home or
grid, and where the dashed line is below the solid line, they are discharging. Note that the two respective areas
between lines are approximately equal and opposite, but discharging area is slightly lower due to round trip
inefficiencies.
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Figure 16 lllustrative Step Change energy flow sforall NEM EVs for 2030, 2040, 2050 (typical January weekday)
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Further information regarding the drivers for vehicle uptake, and charging behaviours and consumption, is
provided in the CSIRO report®2,

3.3.6 Fuel-switching and alternative gas production

Input vintage June 2023
Source CSIRO and CWC/AEMO

Update s since Draft IASR Updates of fuel-switching to hydrogen and biomethane including reduced hydrogen blending into distribution
networks in Green Energy Exports, and development of the Electrification Alternatives sensitivity.

To achieve the emissions reductions targets outlined in the scenario narratives, fuel-switching away from fossil
fuels is required over time in all sectors. Natural gas can be substituted by electricity (discussed in Section 3.3.5),
as well as low or zero emissions molecular fuels such as hydrogen, biomethane or renewable LPG. This section
reports the forecast activities to fuel-switch from solid, liquid and gaseous fossil fuels to alternative fuels,
particularly those that are low or zero emissions alternatives to electrification.

Hydrogen production

Domestic hydrogen use

Significant hydrogen production announcements have been made across the eastern states of Australia, as
evidenced by CSI RiBtingof ptojeBte Althaugh ewery state has outlined hydrogen strategies the
cost, timing and magnitude of an eventual hydrogen economy within Australia is highly uncertain. Hydrogen

82 CSIRO. Electric vehicle projections 2022, at https://aemo.com.au/consultations/current-and-closed-consultations/2023-inputs-assumptions-
and-scenarios-consultation.

8 CSIRO, HyResource, at https://research.csiro.au/hyresource/.
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developments though may be significant in affecting the needs of the power system, and AEMO considers various
hydrogen futures within the 2023 IASR scenarios.

The assumed hydrogen production for domestic use (including the transport sector) in the NEM regions is
forecast within the multi-sector modelling, where it was an endogenous variable, and is shown in Figure 17.

Figure 17 Domestic hydrogen consumption across NEM (all sectors, including transport)
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Hydrogen uptake is lowest in Progressive Change, due to lower economic activity assumed in that scenario and
less technological improvements that may lower the cost of emerging technologies such as hydrogen electrolysis.
Step Change sees moderate consumption of domestic hydrogen, mostly in the industrial and transport sectors,
complementing electrification and biomethane trends. The Green Energy Exports scenario has the strongest
uptake, due to a high learning rate driving down costs; in this scenario, hydrogen volumes are boosted by
significant exports.

The hydrogen forecast in the residential and commercial sectors reaches 8-10% (by volume) in distribution
pipelines by 2030 in all scenarios. All scenarios assume that a 10% hydrogen blending share (by volume,
equivalent to approximately 3% by energy content) by 2030 is technically possible without physical modifications
to the gas distribution system or material impacts to gas appliance operating conditions. This level of distribution
blending is consistent with near-term government aspirations and current developments (for example, Hydrogen
Park South Australia, Hydrogen Park Gladstone, HyP Murray Valley).

Industrial gas supply is forecast to reach between 40-80% hydrogen (by volume, equivalent to approximately
16-54 % by energy content) by 2050 across the scenarios, assuming that hydrogen-compatible pipelines supply
industry hubs directly from local electrolyser facilities.
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Export hydrogen

Australia is considered well placed to export green hydrogen to its international neighbours, due to high quality
renewable energy potential and a history as a reliable international energy and resource supplier. Several
Australian states have developed plans for construction of hydrogen export facilities, making use of existing and
expanded port infrastructure®*,

The assumed quantities of NEM-connected export hydrogen are shown in Figure 18. Note that no export
hydrogen is assumed in the Progressive Change scenario.

Export hydrogen in the NEM assumed i n tHydregenS0p2rowdrASR i s
scenario. Based on stakeholder feedback from the 2021 IASR and 2022 ISP, AEMO now considers that the 2021
IASRscal e of hydrogen development is beyond the reasonabl
purposes. The Green Energy Exports scenario continues to provide insight on the impact of a material hydrogen

industry in planning the future needs of the NEM. In this scenario, export hydrogen facilities are assumed to

develop within the NEM, with half of these facilities grid-connected, to achieve a scale of production

commensurate with Australiad surrent share of global LNG demand. The assumed global hydrogen demand in

Green Energy Exports reflects the forecast corresponding to the IEA-WEO 2021 NZE scenario.

Figure 18 Export hydrogen production across NEM
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The Progressive Change scenario assumes that the NEM connects no hydrogen export facilities.

Biomethane

Biomethane blended into transmission or distribution gas pipelines has the potential to offset natural gas use.
Natural gas consumption forecasts will therefore be influenced by the availability of biomethane. Biomethane
production is currently very low, and it therefore represents a potential alternative fuel source, with high forecast
uncertainty.

84 See https://www.epw.qld.gov.au/about/initiatives/hydrogen/enabling-queenslands-hydrogen-production-and-export-opportunities-report and
https://www.planning.nsw.gov.au/sites/default/files/2023-03/hydrogen-guideline.pdf.
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Due to this uncer tldomethayeforeeastcphrticslarleimtiaershion td medium term, is largely
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assumed in Step Change while larger volumes are assumed in Green Energy Exports. A significant replacement
of natural gas with biomethane is assumed in the Electrification Alternatives sensitivity.

AEMO has reviewed a range of Australian reports on biomethane potential. The Bioenergy Roadmap®® reportd s
dargeted Deploymentbscenario estimates that by 2030 up to 105 PJ per annum of supply could exist in the
existing gas pipeline network, with an additional 240 PJ of biomethane available for industrial heat.

In the same report, the Business As Usualéscenario, over one-third (355 PJ) of the long-term sources in NEM
regions identified are organic wastes and residues, which may provide consistent year-round energy with minimal
seasonality constraints and would represent a near-zero emission fuel supply of renewable gases® and solid
fuels.

In terms of current biomethane volume close to pipelines in the NEM jurisdictions, the Future Fuels8” study finds
45 PJ per annum within modest distance. The same report indicated a volume weighted price of approximately
$23/GJ (excluding network costs) which may present, for certain industries, an attractive alternative relative to the
capital and operational costs of electrification.

Biomethane features in the Green Energy Exports scenario, and is explored further in the Electrification
Alternatives sensitivity.

Figure 19 Biomethane use by scenario  (including the Electrification Alternatives  sensitivity)
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8 See https://arena.gov.au/assets/2021/11/australia-bioenergy-roadmap-report.pdf.

86 Organic wastes and residues include biogas from landfill, sludge, and other biogas captured for combustion, with a near zero scope 1
emission factor.

87 See https://www.futurefuelscrc.com/wp-content/uploads/RP1.2-04-BiomethaneViability summary.pdf.

© AEMO 2023 | 2023 Inputs, Assumpt ions and Scenarios Report 66

r


https://arena.gov.au/assets/2021/11/australia-bioenergy-roadmap-report.pdf
https://www.futurefuelscrc.com/wp-content/uploads/RP1.2-04-BiomethaneViability_summary.pdf
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Electrification Alternatives  sensitivity

As discussed in Section 3.3.5, existing parts of Australia@& economy use energy intensive processes that may not
be technically or commercially capable of electrification in the near term. A clear electrification alternative for
these industrial processes will be to replace the molecular or fossil fuel (oil, diesel, coal etc) feedstocks with low or
zero emissions molecular alternatives, including biomethane and hydrogen.

As outlined in Section 2.3.1, AEMO has developed an Electrification Alternatives sensitivity to explore the impact
of delayed and deferred industrial electrification; Figure 20 compares the resulting fuels used in NEM regions
(across all economic sectors) in the Step Change scenario to this sensitivity.

Figure 20 Fuel-switching in the Step Change scenario (left) versus Electrification Alternative s sensitivity (right)
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The figures show the impact on energy shares with the assumed change affecting industrial electrification. In this
sensitivity, increased biomethane adoption provides an offset to delayed actions to switch away from fossil fuels.

3.3.7 Consumer energy resources

Input vintage May 2023

Source i1 CSIRO
9 Green Energy Markets
1 Clean Energy Regulator

Update s since Draft IASR Consultant forecasts from 2022 have been rebased using actuals from the Clean Energy Regulator.

CER predominantly describes consumer-owned devices that can generate or store electricity as individual units
and which may be passive butalsomayhave the &édsmart s d ergyimpodand exgolt.ytcamanage
also refer to consumer shared devices, such as community batteries and other resources that enable greater

demand flexibility.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 67



Inputs and assumptions

These CER forecasts include small-scale embedded generation such as residential and commercial rooftop PV
systems (less than 100 kW), battery storage, and EVs (described already in Section 3.3.5). Larger PV systems
between 100 kW and 30 MW (referred to as PV non-scheduled generation, or PYNSG) may also be installed by
larger energy consumers, or may be driven by opportunities to generate energy, much like a utility-scale
generator installed in the transmission system. For the purposes of the 2023 IASR, the PVNSG forecasts are
included in this section.

I n AEMOOG s CER(indudirg PYNSG) captures household energy technologies, larger systems
representing either small-scale commercial systems, community schemes, or any other embedded system within
the distribution system that is not a scheduled resource in the NEM dispatch system.

Given the importance of CER (including PVNSG) and the opportunity it presents to the energy sector, AEMO
obtained forecasts from CSIRO and Green Energy Markets (GEM) to provide greater confidence than a single
forecast. The two consultant forecasts utilise the same underlying assumptions and scenario narratives, and
encompass usage patterns and uptake rates.

The two consultant s&dadcarding o dable B8 below,r ewisteth e@caver aged indi
average of GEM and CSIRO.

Table 18  Consultant scenario mapping  for CER

Green Energy Exports Step Change Progressive Change

PV forecast mapping Average CSIRO
PVNSG forecast mapping GEM GEM CSIRO
Battery and VPP forecasts mapping Average Average CSIRO

The consultant forecasts were selected based on best match with the scenario narratives, retention of appropriate
forecast relativities between scenarios, and suitability in reflecting the uncertainty inherent in long-term forecasts.

CSIRO6 s o0 ut | nooreklosehyeaigned with the lower starting assumptions of Progressive Change, while the
el evated out !l ook s elestrepresent@dtihé@mabitibus assum@iens of the Green Energy
Exports scenario. AEMO considers that averaging PV, battery and VPP forecasts for Step Change provides a
balanced view of outlooks, and maintains an appropriate relationship with the 2021 IASR forecasts.

Details of assumptions underpinning each consultantods
IASR (see Appendix A2).

Distributed PV

Distributed PV systems, including residential and commercial rooftop PV, and larger embedded PVNSG systems,
have in aggregate grown by approximately 2.3 GW over the 2022 financial year across the NEM, leading to a total
existing NEM capacity of about 15.3 GW. All scenarios include ongoing growth in PV. Owner occupied houses (a
prime candidate for PV installation) currently have around 35% PV uptake, and in 2050 that increases to between
70 and 90% across scenarios. Some detached dwellings will be impeded by shading or ownership considerations
(rental premises may be less likely to invest in PV systems without alternative financial models), and the forecasts
recognise the increasing opportunity for PV installations to occur on other dwelling types, such as townhouses,
terraces, and to a lesser extent apartments, as well as increasing potential uptake for detached rented dwellings.
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The methods for forecasting PV uptake assume consumer benefit decision-making, whereby an appropriate
payback hurdle must be overcome considering a broad range of consumer and dwelling types. However, even
with a strong financial pay-off of solar installation, the above does not assume that all home owners choose to
install solar panels, as the life of a PV system is relatively long®8 relative to median housing ownership holding
periods (10 years for New South Wales®?), and so the owners that choose to install solar panels have a broader
impact than the duration of their current home ownership.

Figure 21 shows the projected cumulative PV capacity installed across the NEM for each scenario according to
the scenario mapping in Table 18. Compared to the 2021 IASR, the 2023 IASR distributed PV forecasts reflect a
slowdown in the short term, influenced by post-pandemic spending habits and supply chain constraints, and a
greater long-term uptake trajectory, influenced by a forecast reduction in the cost of PV systems. The forecasts
shown reflected the degraded capacity, reflecting that panels will reduce in their efficiency and effectiveness over
time, and they also recognise the increase in average system size on replacement.

Figure 21  Actual and forecast NEM distributed PV installed capacity (degraded) by scenario, 2014 to 2054
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Battery storage uptake

Distributed residential and commercial battery systems have the potential to materially change the future demand
profile in the NEM, particularly the maximum and minimum demand of the power system. The extent of this impact
depends on a number of factors, including:

8 PV panels may have an effective lifespan aslong as 25-30years, suf fici ently long that a PV systemos
replacement at its end of life (approximately 10-15 years) to extract maximum value from the panels Bfespan.

89 See https://www.treasury.nsw.gov.au/sites/default/files/2022-04/trp22-13-holding-periods-of-residential-property-buyers-in-nsw. pdf.
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1 The energy storage capacity (kwh), and charge/discharge power (kW) of the battery system installed.

1 The capacity of any PV system installed at the same premises, and the volume and timing of energy
consumption of the household or business.

i1 The uptake of VPP programmes, whereby aggregator organisations remotely influence battery operation, to
achieve energy system goals either directly or via suitable pricing

Figure 22 shows the total forecast installed capacity of distributed batteries across the NEM for all scenarios. The
2023 IASR forecasts are moderated by lower than anticipated year-on-year growth of small-scale batteries to
date, and a lower reduction of battery capital costs in the short term as forecast by the GenCost 2022-23 Final
report® technology cost forecasts, resulting in slower growth relative to the 2021 IASR forecasts.

Figure 22  Distributed battery forecasts for the NEM
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A VPP broadly refers to the involvement of an aggregator to orchestrate CER via software and communications
technology, to deliver energy services similar to large-scale inverter-based generation and storage developments.
This is in contrast to typical household battery installations which are configured to offset household energy costs
by reducing the volume of grid supplied energy and increase self-consumption of complementary PV generation.

AEMO continues to collaborate across the industry to establish VPP demonstrations and identify the role VPPs
could have in providing reliability, security, and grid services. While VPPs in the NEM are currently operating at a

small scale, VPP trials are demonstrating the potential value to the grid if deployed at scale, and the value to
participating consumers.

% At https://www.csiro.au/en/research/technology-space/energy/energy-data-modelling/gencost.
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Inputs and assumptions

The role of orchestrating CER to provide energy for the power system at large will be a significant influence on the
scale of network and utility scale investments needed to maintain reliability, security and affordability through the
energy transition. Consumer resources that increase load flexibility and provide reliable capacity to meet system
peaks will offset other investments.

The Step Change scenario assumes that financial incentives will be provided by aggregators to provide for
orchestration of battery charging and discharging profiles. In this way, VPP schemes offer to positively increase
the uptake of distributed batteries, particularly if financial incentives sufficiently reduce consumer investment
costs.

AEMO has developed a Low CER Orchestration sensitivity to investigate the impacts on power system needs of a
lower uptake of CER relative to the Step Change scenario. This sensitivity considers a future with less operational
effectiveness of VPP programs and therefore, correspondingly lowering levels of CER orchestration.

The VPP capacity forecast in the NEM is shown in Figure 23. Assumed rates of customer adoption of VPPs have
been revised downward slightly relative to the 2021 IASR forecasts, following stakeholder consultation.

Figure 23  Aggregation trajectories for VPP forec  asts
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Note: the Low CER Orchestration sensitivity tests the same distributed battery capacity as Step Change, but with no growth of VPP.
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Hosting capacity for distribution -connected CER

AEMO and DNSPs recognise that strong PV penetration has changed the historical role of the distribution
networks, and at times their direction of flow. This presents various operational challenges, and DNSPs are
continuously analysing potential long-term solutions that will improve outcomes for consumers. Enabling CER
uptake and operation is a strategic i mperative of
transition. Various solutions are emerging, such as dynamic export limits, and the customer export curtailment
value which will provide a mechanism for appropriate network investment funding to enable further CER
penetration. AEMO, in consultation with DNSPs, recognises and assumes that distribution networks will be
appropriately augmented to facilitate the level of CER penetration and operation in any given planning
scenario.

Continued collaboration between NSPs and AEMO remains important to enable the transition to net zero.
Emerging and maturing technologies such as EVs and distributed batteries will increase network complexity
and opportunity, leading to beneficial changes to the dynamics of PV generation on the distribution network.
Further, orchestration of loads and small generation on DNSP networks may create opportunities to manage
apparent loads at the transmission grid connection point.

3.3.8 Economic and population forecasts

Input vintage July 2023
Source 1 Oxford Economics Australia (OEA)®*
9 ABS Population Series

Update s since Draft IASR Economic forecasts from October 2022 have been rebased using ABS National Accounts data

In 2022, AEMO engaged OEA to develop long-term economic forecasts for each Australian state and territory as
a key input to AEMO6s demand forecasts.

Compared to other countries, the Australian economy performed reasonably well following the COVID-19
pandemic, with strong monetary and fiscal policy having propped up household incomes and supported domestic
consumption in the short term. Strong global commaodity prices for key mining inputs also contributed to the
strength of the Australian economy through the pandemic. Despite this, Australia has not been immune to the
supply shortages and high inflationary pressures seen globally as we continue to navigate the aftermath of the
pandemic-driven slowdown. Global energy markets have also been affected by the ongoing Russia-Ukraine
conflict. In response, the Reserve Bank of Australia started lifting the official cash rate in May 2022, earlier than
previously expected, and has continued to do so well into 2023,

To capture some of these recent trends, the OEA forecasts were rebased using the financial year 2021-22
Australian Bureau of Statistics (ABS) National Accounts release®.

91 BIS Oxford Economics was renamed Oxford Economics Australia in May 2023, and is referred to throughout this 2023 IASR as OEA. This
change of trading name does not impact the relevance or appropriateness of any inputs or assumptions provided to AEMO.

92 The first increase to the cash rate was 3 May 2022. See statement by Philip Lowe, Reserve Bank Governor, at
https://www.rba.gov.au/media-releases/2022/mr-22-12.html.

% See statement by Philip Lowe, Reserve Bank Governor, released 6 June 2023, at https://www.rba.gov.au/media-releases/2023/mr-23-
13.html.

9 Oxford Economics Australia forecasts were rebased using the Australian Bureau of Statistics Australian System of National Accounts,
2021-22 financial year release, at https://www.abs.gov.au/statistics/economy/national-accounts/australian-system-national-accounts/2021-22.
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Inputs and assumptions

Au st r aet zera @rssions commitment is intended to accelerate the structural change set to impact the
Australian economy. In the OEA forecasts, the mining sector is expected to continue to see strong growth during
the transition, before projected growth in emissions-intensive sectors decline and growth in the services sectors
dominates the outlook. In most scenarios, Australia is expected to outperform many other developed economies

in the long term, driven by strong net overseas migration. Further detail for the OEA forecasts is contained in the
accompanying report®s.

Figure 24 shows the rebased forecast economic outcomes for gross state product (GSP) of the aggregated NEM
regions, demonstrating the uncertainty across the scenarios. Figure 25 further provides a breakdown of the
relative economic activity of each sub-sector, demonstrating the forecast economic significance of the commercial
services sector and the relative sectoral breakdowns across scenarios in 2042-43.

Figure 24 NEM aggregated gross sta te product forecast for NEM regions
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9% Oxford Economics 2022 Macroeconomic Projections Report: Final, at https://aemo.com.au/-/media/files/stakeholder_consultation/
consultations/nem-consultations/2022/2023-inputs-assumptions-and-scenarios-consultation/supporting-materials-for-2023/bis-oxford-
economics-2022-macroeconomic-outlook-report.pdf.
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Inputs and assumptions

Figure 25 2042-43 NEM aggregated gross value added ( by ANZSIC division)
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using ABS death rates and its own assessments for fertility rates, net overseas migration (NOM), and net
interstate migration (NIM)®6,

Figure 26 demonstrates the population forecast across the NEM regions in Step Change, and the relativity of the
other scenarios in aggregate.

Figure 26 NEM aggregated population forecast
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% Acomparisonof OEAP®pul ati on forecast and assumptions against the Centre fo
2022 Macroeconomic Projections Report, at https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-
consultations/2022/2023-inputs-assumptions-and-scenarios-consultation/supporting-materials-for-2023/bis-oxford-economics-2022-
macroeconomic-outlook-report.pdf.
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Inputs and assumptions

The population forecast is largely unchanged from the 2021 IASR forecasts, with the international border re-
opening broadly lining up with expectations and fertility rate assumptions remaining roughly the same. However,
state compositions were revised, with outwards NIM for New South Wales and Victoria increasing in the short
term compared to the 2021 forecasts. Additionally, the 2022 OEA forecasts include historical revisions back to
2016-17 following the release of the 2021 Census data. NOM lost during the pandemic is not expected to be
recovered in the future, although from 2022-23 international migration has returned to the long-run average. In the
long term, Queensland is expected to be the relative winner out of the NEM regions, with strong forecast
population growth driven by greater interstate migration and a positive labour market outlook. Under the Step
Change scenario, NEM aggregated population is expected to increase by ~8.9 million people from 2023-24 to
2053-54.

3.3.9 Households and connections forecasts

Input vintage July 2023
Source T ABS
f OEA
1 AEMO meter database
Update s since Draft IASR Updated with A E M O fatest actual connections data
AEMObG6s forecast of residential e | ferecast growth in glectdcityn s u mpt i on |
connections.As Australiads popul atexpeaedhumicer of rew lrosseholdsavhich cequge t h e

electricity connections.

Economic activity and migration (described in the previous section) has a positive influence on the domestic
population. The Australian population forecast is relatively unchanged compared to the 2021 projections, as past
forecasts of the timing of the relaxation of border restrictions has been reasonable. This updated forecast also
recognises updated historical information released as part of the 2021 Census.

AEMOG® 2023 connections model incorporates this updated population forecast and uses connections data from
AEMO® metering database to project the number of residential connections. In the short term, AEMO& updated
forecast indicates a decrease compared to the 2021 projection, with a decline of approximately 112,000
connections expected by 2026-27 under the Step Change scenario. This decline is primarily attributed to a
projected downturn in construction activity driven by unfavourable short-term economic conditions and supply
chain limitations impacting the construction sector. Stronger growth is forecast post 2027, due to increased
construction activity, supported by more favourable economic conditions domestically and assumed relief of
current supply chain bottlenecks.

Figure 27 shows the residential connections actual and forecast for all scenarios across the NEM, and Figure 28
shows the aggregated forecast dwellings growth for the NEM regions.
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Figure 27 Actual and forecast NEM residential connections, all scenarios, 2015-16 to 2053-54
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Figure 28 Actual and forecast NEM aggregated dwellings growth ~ per annum , all scenarios, 2015-16 to 2053-54
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Inputs and assumptions

3.3.10 Large industrial loads

Input vintage June 2023

Source 9 Surveys/Interviews
1 AEMO meter database
9 Network service providers
9 LIL forecasts of multi-sector modelling
i Economic outlook
1 Media search/announcements

Update s since Draft IASR Further refinement of survey responses from individual LILs

AEMO forecasts LILs separately from small and medium commercial enterprises, due to their significant
contribution to overall energy consumption, and the fact that individual business circumstances may not be
appropriately captured in broader econometric models. LILs are defined as loads over 10 MW at least 10% of the
time.

AEMO currently sources information regarding LILs from:
1 Historical data at the NMI level.

i1 Surveys and interviews, with surveyed loads provided with forecast conditions consistent with the economic
outlook provided by OEA to increase survey consistency.

T AEMO6s standing data requests from network service pro
connecting loads.

1 Media searches and company announcements.

The LIL forecasts therefore capture the expected consumption of the largest existing, new and prospective
industrial customers.

Prospective large industrial loads which are committed projects®” have been included in the forecasts from the
expected start-up dates, and provide a minimum growth rate of LILs for all scenarios. When information on the
expected energy consumption on these prospective projects has not been provided, assumptions have been
made around the load factors for those projects consistent with existing similar industrial loads.

Figure 29 compares the LIL electricity consumption forecast to the 2021 forecasts. In the short to medium term,
the 2023 IASR forecasts an increase in electricity consumption from planned expansions across the NEM.

In the medium to long term, the forecasts are informed by projected growth from mining and manufacturing
sectors, driven by decarbonisation objectives and declining electricity costs, particularly from renewables.

To reflect the scenariobs description of challenging eco
associated with electricity system investments, the Progressive Change scenario considers closure risks for major

electricity consumers in the short to medium term, although incorporates electrification forecasts in the longer

term leading to rebounding consumption growth across the load category.

97 See Section 2.1 of the 2022 Electricity Demand Forecasting Methodology for criteria on committed projects, at https://aemo.com.au/-
[media/files/electricity/nem/planning_and_forecasting/nem_eso0/2022/forecasting-approach-electricity-demand-forecasting-
methodology.pdf.
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Figure 29 2023 NEM LIL electricity consumption forecast
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Liquified natural gas

Queensl andbs LNG industry is a materi al contributor of
approximately 5% of AEMOO6s totiatheNEMsi ness consumption c:

The LNG forecasts estimate the expected electricity consumption of the operations of coal seam gas (CSG) fields
operating in the NEM by considering surveyed data provided by the LNG consortia, as per other LILs. This data
considers the anticipated operating range of CSG facilities over the short to medium term. The longer-term
forecast is developed by extending the surveyed trend across the scenario collection, applying assumed global
trends for each scenario.

The international LNG market faces an uncertain future. Global demand for liquid fuels will shift as each country

determines how it will achieve its own decarbonisation commitments, with some commentators predicting ongoing

strong growth through until 2050 and others predicting a notable decrease®. For t he NEM6s LNG expo
in Queensland, AEMO considers that market conditions are unlikely to be conducive to any major new

infrastructure to increase export capacity i and the existing LNG export facilities already operate at high utilisation

factors. AEMO therefore considers that the upper range of reasonable forecasts for LNG operations is for

operations to continue at current high utilisation levels.

Figure 30 below shows the LNG forecast for electricity consumption that was applied in the 2021 IASR, compared
to the latest forecast estimates based on survey data provided by the Queensland LNG consortia, calibrated to
the LNG export forecasts used in the 2023 GSOO. The range of scenario forecasts reflects the varying global
economic and decarbonisation pathways across the scenarios, and the resulting impact on international gas
consumption.

% The International Energy Agency outlined an uncertain future for LNG; see International Energy Agency (2021), Net Zero by 2050: A
roadmap for the Energy Sector, at https://www.iea.org/reports/net-zero-by-2050.
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Figure 30 LNG electricity consumption  forecast
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3.3.11 Energy efficiency forecast

Input vintage July 2023
Source 9 Strategy Policy Research (SPR)
9 CSIRO and CWC Multi-sector modelling

Update s since Draft IASR Policy-driven energy efficiency forecasts have been updated through consultancy. The methodology,

input assumptions and draft forecast by SPR were presented to FRG in March 2023.

For the 2023 IASR, AEMO undertook two separate approaches to modelling energy efficiency. Outcomes from
the multi-sector modelling conducted by CSIRO-CWC illustrated the role of energy efficiency under varying
decarbonisation pathways, using a combination of annual uptake rates by sector and technology®?, and scenario-
specific variations based on relativities observed in the IEA WEO 2021 scenarios.

AEMO also engaged SPR to model policy-led energy efficiency savings expected to be delivered by federal and

state government measures and market-led energy efficiency likely to occur without policy intervention. Where

available, forecast savings and advice from relevant government departmentswer e consi dered in SF
forecasts. The forecasts also considered the effects of non-realisation of reported potential savings as well as
non-additionality’® across overlapping policy measures. Where a policy will also encourage fuel-switching from

gas to electricity, the associated electrification impacts were generally accounted for as effective negative

estimated energy efficiency savings for electricity.

“Based on ClimateWorks Australiat6s (20 1 4hitps:Deve.pimddesvarkseetitre.ord/wpat i on Pat hwa
content/uploads/2014/09/climateworks pdd2050 initialreport 20140923-1.pdfand Cl i mat e Wor k s LéwGCathonaHigh aés (201
Performance: Modelling Assumptions, prepared for ASBEC (Australian Sustainable Built Environment Council), at
https://www.asbec.asn.au/wordpress/wp-content/uploads/2016/05/160509-ClimateWorks-Low-Carbon-High-Performance-Modelling-

Assumptions.pdf.

100 Energy savings are only attributed to a measure to the extent that it can be established that they are additional to those that would have
occurred in the absence of the measure. The portion of claimed savings that cannot be established as additional are known as non-
addi tional 6.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 79


https://www.climateworkscentre.org/wp-content/uploads/2014/09/climateworks_pdd2050_initialreport_20140923-1.pdf
https://www.climateworkscentre.org/wp-content/uploads/2014/09/climateworks_pdd2050_initialreport_20140923-1.pdf
https://www.asbec.asn.au/wordpress/wp-content/uploads/2016/05/160509-ClimateWorks-Low-Carbon-High-Performance-Modelling-Assumptions.pdf
https://www.asbec.asn.au/wordpress/wp-content/uploads/2016/05/160509-ClimateWorks-Low-Carbon-High-Performance-Modelling-Assumptions.pdf

Inputs and assumptions

SPRO&6s f or e edssehaso-spedif pemand drivers such as economic, population, dwellings and
connections growth, combined with varying fuel shares (as informed by outcomes of multi-sector modelling) and
levels of policy expansion beyond existing settings.

Generally, the scenarios deploy a relatively high level of energy efficiency across the scenarios, with varying
levels of ambition affecting the scale of policy expansions and development of possible future/hypothetical
policies. The savings by 2050 for example lead to between 30% and 50% of avoided electricity consumption
relative to current levels of operational consumption. This excludes the increased efficiency relative to incumbent
fuel supply requirements through electrification (that is, the increased energy efficiency of electrical devices
relative to the fuel requirements from existing technologies and processes).

Considering the scenarios reflect expansions beyond existing policy, given the scale of potential and cost-
effective expansion that would be expected to meet the scenario narratives, AEMO has developed a sensitivity to
examine the impact to power system investment needs if only existing energy efficiency policies are considered in
the Step Change future. This sensitivity provides information on the difference in energy consumption if the
energy efficiency assumed in the Step Change scenario does not occur providing a baseline to demonstrate the
value that arises from the impacts of changes to the existing policy environment.

Figure 31 shows the total electricity consumption savings due to energy efficiency, as forecast by SPR compared
to CSIRO-C WC 6 s -smectdr inddelling.

Figure 31 Forecast e nergy efficiency savings , compared to mu lti-sector modelling outcomes , 2022-23 to 2053-54
(TWh)
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SPR&6s outcomes of energy efficiency savings -secteg higher
modelling from the mid-2030s to early 2040s depending on scenario, demonstrating the strong role for continued
development and expansion of government measures to maintain savings growth. Conversely, stronger and

timely policy measures are needed to realise the energy efficiency savings projected by multi-sector modelling in
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the late 2020s. Nonetheless, efficiency improvementsi n S P RO s afegeaseralalysconsistent with the multi-
sector forecasts.

For the 2023 IASR, AEMO hasappl i ed SPR&6s forecast of efficiency savi
sectors. The total efficiency saving applied to electricity consumption across the modelled scenarios is shown in
Figure 32, comparing to the 2021 IASR forecasts.

Figure 32  Forecast e nergy efficiency savings , all scenarios, 20 22-23 to 2053-54 (TWh per annum)
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Note: The 2021 Step Change scenario is mostly hidden behind the 2021 Hydrogen Superpower scenario forecast.

In the 2023 forecasts, there is greater dispersion of outcomes across scenarios compared to the 2021 forecasts.
Where previously the 2021 Hydrogen Superpower scenario followed a similar trajectory as the 2021 Step Change
scenario, the new Green Energy Exports scenario is more broadly distinguished from Step Change and has the
highest level of investment in energy efficiency due to a combination of faster economic growth and the most
aspirational policy settings to meet stronger carbon budgets.

Compared to previous estimates, the updated efficiency savings incorporated the following key changes:

i1 The inclusion of market-led or autonomous energy efficiency improvement to account for changes in cost and
performance of technology, consumer preferences, and relative energy prices, that are not policy-driven.

1 Savings from the GEMS/E3 program*°! were significantly reduced based on updated modelling by the
Department of Climate Change, Energy, the Environment and Water (DCCEEW). In all scenarios an allowance
was made for future expansion to GEMS from 2030 onwards, contributing to the rise in projections from the
mid-2040s. This allowance does not apply to the Reduced Energy Efficiency sensitivity.

101 See https://www.energyrating.gov.au/industry-information/energy-efficiency-initiatives/equipment-energy-efficiency-program.
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T The introductd-lmomed anmwhlolener gy budget as fPiart of <co
anticipated to encourage electrification (particularly of hot water) for homes that cannot access rooftop PV and
resulted in allocation of some negative residential energy efficiency savings for electricity.

1 There is less spread in revised forecasts of savings from NCC in commercial buildings, particularly between
Step Change and Progressive Change where faster build rate assumptions in Progressive Change are offset
by more optimistic code changes in Step Change. This results in total savings in Progressive Change being
higher than the 2021 IASR Slow Change.

i State schemes are assumed to be phased out at various points in the forecast horizon (Victoria in 2025, South
Australial®® in 2030, and New South Wales in 2050), per current legislation. In the interim, the expansion to the
ESS4 in New South Wales alongside an improved method for modelling the Victorian Energy Upgrades
(VEU)1% program temper the changes from GEMS and NCC described above. Revised data for VEU further
shows the program to support replacement of electrical appliances with gas appliances, compared to
electrification effects included in the 2022 forecasts.

T Assumpti on of new fihypothetical 6 national policy measur e
mid-2040s contribute to the increase in efficiency savings towards the end of the forecasting period.

The Reduced Energy Efficiency sensitivity forecasts a similar trajectory to the Step Change scenario until 2030,
when the lack of policy expansion results in lower savings forecasts than Step Change.

3.3.12 Appliance uptake forecast

Input vintage July 2023

Source 1 Department of Industry, Science, Energy and Resources (DISER), 2021 Residential Baseline Study for
Australia and New Zealand for 2000 i 2040, available at www.energyrating.gov.au

9 Economic forecasts (see Section 3.3.8)

Update s since Draft Forecasts have been updated based on new projections of energy use by residential appliances and
IASR equipment from the RBS2.0 study by DISER. Forecasts also incorporate updated household disposable
income forecasts from OEA.

The forecast of residential electricity consumption utilises appliance indices as a metric of the change in

household electricity use by appliances and equipment, on a per connection basis. Outcomes from the 2021

Residential Baseline Study% (RBS, 2021) by the then Department of Industry, Science, Energy and Resources
(DISER)Y7i nf or med AEMOOG6s esti mat e electidityderhaadedpershouseboldtfoneachl e v e |
NEM region. The total consumption relies on the number of appliances per appliance category, their usage hours,

their capacity and size.

The dispersion across the scenarios is derived by applying a per capita Household Disposable Income (HDI)
index (forecast with the economic projections described in Section 3.3.8) relative to the moderate economic

102 See https://ncc.abeb.gov.au/editions/ncc-2022.
103 See https://www.energymining.sa.gov.au/industry/energy-efficiency-and-productivity/retailer-energy-productivity-scheme-reps.

104 See https://www.energy.nsw.gov.au/nsw-plans-and-progress/regulation-and-policy/energy-security-safequard/energy-savings-scheme.
105 See https://www.esc.vic.gov.au/victorian-energy-upgrades-program.

196 DISER, 2021 Residential Baseline Study for Australia and New Zealand for 2000 i 2040, at https://www.energyrating.gov.au/industry-
information/publications/report-2021-residential-baseline-study-australia-and-new-zealand-2000-2040.

197 From 1 July 2022, the climate change and energy functions that previously sat with DISER have transferred to the Department of Climate
Change, Energy, the Environment and Water (DCCEEW).
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Inputs and assumptions

scenario. Trajectories for beyond 204@hen the RBS study endsave been guided by extrapolation of past trends and
moderated for the likelihood of readlgi maximum thermal comfolimits per householdRefer to Appendix A5 of the
Electricity Demand Forecasting Methodology for further details.

Impacts on household electricity usage from improvements in equipment energy efficiency and switching from gas
to electric devices are considered separately as part of the energy efficiency forecast (see Section 3.3.11) and
electrification (see Section 3.3.5) forecasts respectively.

Figure 33 shows the impact of appliance uptake on residential consumption forecasts in the 2023 scenarios.
Compared to the previous 2021 IASR, which had used 2015 RBS outcomes, the updated trajectories
incorporating revised historical product sales data demonstrate higher growth across heating, cooling, and base
appliance types. Space conditioning services are projected to be stronger due to higher stock levels of
air-conditioner ducted and (to a lesser extent) non-ducted devices. This growth is partially offset by lower usage of
electric resistive heaters given the higher use of space conditioning devices. For base household appliances, the
updated forecast includes higher rates of LED installation, more charging for battery devices, greater use of
electric water heaters, televisions, and clothes washing machines.

Figure 33  Forecast r esidential a ppliance uptake trajectories , consumption change relative to base year (202  3),
2022-23 t0 2053-54
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3.3.13 Electricity price indices

Input vintage June 2023

Source 9 Australian Competition and Consumer Commission (ACCC) Inquiry into the National Electricity
Market i November 2022 report available at https://www.accc.gov.au/about-
us/publications/serial-publications/inquiry-into-the-national-electricity-market-2018-2025/inquiry-
into-the-national-electricity-market-november-2022-report

9 DNSP annual pricing proposals to the AER, available at https://www.aer.gov.au/networks-
pipelines/determinations-access-arrangements/pricing-proposals-tariffs

9 Network Service Provider Determination proposals to the AER, available at
https://www.aer.gov.au/networks-pipelines/determinations-access-arrangements

1 AER Default market offer prices 2023-24 available at_https://www.aer.gov.au/retail-
markets/quidelines-reviews/default-market-offer-prices-2023%E2%80%9324/final-decision

9 Essential Services Commission (ESC) Victorian Default Offer price review 2023-24 available at
https://www.esc.vic.gov.au/electricity-and-gas/prices-tariffs-and-benchmarks/victorian-default-
offer/victorian-default-offer-price-review-2023-24

1 Electricity futures pricing available via subscription service from https://www.asxenergy.com.au
9 AEMO internal wholesale price forecasts

9 Transmission costs from the 20221 SP&ds opt i mal devel opment pat
Update s since Draft Retail price trends updated using latest data from ACCC and AER reports/submissions, together
IASR with electricity futures pricing from ASX Energy and internal modelling to provide forecasts for

wholesale price forecasts and transmission costs.

Electricity prices are assumed to influence consumption through short-term behavioural changes (such as how
electricity devices are used or energy consumption is managed), and longer-term structural changes (such as
decisions to invest in CER).

Figure 34 shows the current retail price index, compared with the 2021 IASR forecasts. These were formed from
bottom-up projections of various retail price components, including wholesale costs, network costs, environmental
costs, and retail costs and margins. The retail price structure follows the Australian Energy Market Commission
(AEMC) Residential Electricity Price Trends report series8,

Previously, short-t er m whol esal e price f or ec &estdentialhEmergy PriceaTserdd on t h e
report, however this publication has not been updated since 2021. For the 2023 IASR, short-term wholesale price

forecasts - are based on electricity futures pricing from ASX Energy which is a publicly available dataset and is
asoused for Defea LAIEtR6Mar ket Of f er and t hengEr&Qrcsestvhatest or i an
reflect the changing mix of gener at Otleencorspanerdasoithey f or ec a s |
residential price structure were updated with reference to the publications listed in the sources above.

The resultant price index presented below depicts minor differences between the 2023 IASR scenarios, reflecting:
1 A narrower band of long term forecast wholesale prices, and

i Offsetting increases and decreases in network and wholesale prices (for example, scenarios with higher
network prices had correspondingly lower wholesale prices).

198 AEMC, Residential Electricity Price Trends, at https://www.aemc.gov.au/market-reviews-advice/. The structure is also consistent with the
Austral i an En eDefgut Md&Rketdffer and tberEésential Services Commission 6\&ctorian Default Offer.

109 At https://www.asxenergy.com.au.
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Figure 34 NEM residential retail price index, and compared to 2021 |ASRforecast (connections weighted)
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Consumption forecasts also consider the price elasticity of demand, which may be defined as the percentage
change in demand for a 1% change in price. A negative price elasticity of demand indicates a decrease in
consumption in response to a price increase, or an increase in consumption in response to a price decrease.

Since the Draft IASR, AEMO has reviewed the available literature on price elasticity and considered whether the
existing elasticity values should be updated. AEMO concluded that the recent T and compounded i increases in
energy prices warranted further analysis and consultation before updating price elasticity values. The previous
elasticity coefficients, which are described below, therefore are retained in these forecasts.

For residential loads, the price response is influenced by the appliance type. Baseload appliances (such as
refrigerators, washing machines, ovens/microwaves, and lighting) are assumed to be price inelastic, and therefore
have a price elasticity of zero. Weather-sensitive appliances (such as heating and cooling appliances) on the
other hand have a price elasticity of demand of -0.10 for all scenarios.

Businesses are expected to respond to price more readily than residential customers, so the price elasticity of
demand assumption varies by scenario from -0.05 to -0.15.

Table 19 provides the price elasticities of demand that are included in the 2023 IASR scenarios.

Table 19  Price elasticities of demand for various appliances and sectors

Green Energy Exports Step Chang e Progressive Change
0 0

Residential 0

Baseload appliances

Residential -0.10 -0.10 -0.10
Weather sensitive appliances

Business -0.15 -0.10 -0.05

All load components
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3.3.14 Demand side participation  (DSP)

Input vintage June 2023

Source Historical meter data analysis and information submitted to the DSP Information portal in April 2023.

Updates since Draft IASR 9 Current levels and committed/planned changes updated after summer 2022-23 to reflect most recent
information.

9 Target levels to be maintained.

AEMOOb6s forecast approach considers DSP explicitly in it
reflect what demand would be in the absence of DSP to avoid double counting.

AEMO estimates the current level of DSP using information provided by registered participants in the NEM

through AEMO6s DSP I nformation portal (DSP 1 P), suppl em
responses are estimated for various price triggers and AEMO assumes the 50" percentile of observed historical

responses is a reliable, central estimate of the likely response when the various price triggers are reached, as
document ed Demand Gdé®drteipation Forecast Methodology20.

In accordance with this methodology, AEMO uses existing and committed DSP only for the ESOO, representing
the current level discussed above with adjustments for committed changes to DSP as reported to AEMO through
the DSP IP, or through policy targets with supporting legislation implemented. The DSP forecast includes
Wholesale Demand Response (WDR) contributions based on the WDR dispatch data. WDR estimates are
calculated as a weighted average response of dispatched WDR for each price trigger.

For long-term planning studies like the ISP, the quantity of DSP is grown to meet a target level by the end of the
outlook period. The target level is defined as the magnitude of DSP relative to maximum demand and linearly
interpolated between the beginning and ends of the outlook period. It is based on a review of international
literature and reports of demand response potential (primarily in the United States!'! and Europe'?) which
indicated that the adopted (high) level of 8.5% of operational maximum demand is a reasonable upper estimate
for growth in DSP. This growth will cater for a wide range of growth drivers, both technology-driven and from
policy schemes (such as WDR).

The settings for the 2023 IASR scenarios are provided in Table 20 below, driven by the following:

1 The Green Energy Exports!3 scenario is assumed to have high growth in DSP, representing a future with
highly engaged consumers who, in addition to embracing CER technologies, also value the savings from being
part of orchestrated DSP programs over the convenience of fixed-tariffs and un-controlled demand.

1 The Step Change scenario is assumed to have moderate growth in DSP, reflecting the moderate economic
growth and technology-led change.

1 The Progressive Change scenario has the lowest assumed growth in DSP (maintaining the current penetration
into the future) due to the relatively poor economic outlook and damped uptake of new technologies because
of ongoing supply chain issues.

110 At https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2020/demand-side-participation/final/
demand-side-patrticipation-forecast-methodology.pdf.

sSee FERCOs fAA National Assess men thttpsfiwwh.teimaowsitesBefaslifiesi220-05/06-09aentanda | 0 ( at
response_1.pdf) validated against DSP uptake statuses across the United States (from https://www.ferc.gov/industries-data/electric/power-
sales-and-markets/demand-response/reports-demand-response-and).

112 See https://www.sia-partners.com/en/news-and-publications/from-our-experts/demand-response-study-its-potential-europe.
113 Note that the DSP does not include the flexibility provided by electrolysers, which is modelled separately.
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For New South Wales, the now committed New South Wales Peak Demand Reduction Scheme (PDRS!!4) policy

will create a financial incentive to reduce electricity consumption during peak times*5, AEMO includes this

scheme in all scenarios, resulting in a DSP forecast which increases over time. The PDRS has been applied from

2022-23 with the target growing to 10% of forecast peak demand by 2029-30 and then staying flat. The DSP

forecast assumes that 25% of the PDRS target will be delivered through energy efficiency and battery storage

initiativesr at her than through DSP, which are componenHRosanyacc ou
year in New South Wales, whichever target value is higher between PDRS and regular DSP growth will be used.

It should be noted that the PDRS is only available in Summer.

Table 20  Mapping of DSP settings to scenarios

Green Energy Exports Step Change Progressive Change

DSP growth target High growth to reach 8.5% of peak = Moderate growth to reach 4.25% No change from current levels of
overall demand by 2050 and then stays of peak demand by 2050 and then ~ DSP (0% growth).
flat. stays flat.
New South Wales Starting 2022-23 with target Starting 2022-23 with target Starting 2022-23 with target
PDRS growing to 10% of peak demand growing to 10% of peak demand growing to 10% of peak demand
by 2029-30 and then stays flat. by 2029-30 and then stays flat. by 2029-30 and then stays flat.
Summer only. Summer only. Summer only.

3.4  Existing generator and storage assumptions

3.4.1 Gene rator and storage data

Input vintage July 2023
Source Participant survey responses

Updates since Draft IASR Updated based on July 2023 Generation Information update

AEMOOGs Gener at i onlpublishes data aniexsting, geangigted, and anticipated generators and

storage projects (size, location, capacities, seasonal ratings, auxiliary loads, full commercial use dates and

expected closure years), and non-confidential information provided to AEMO on the pipeline of future potential

projects. This information is updated quarterly, with the most recently available information adopted for each of

AEMOOGs publications (and c | e aThd2923IA8RAssumndtion&drkbook incdludes h p u b |
details from the July 2023 publication, which will be used for the 2023 ESOO and 2024 ISP (unless material

changes are observed during the course of the ISP modelling).

The resource availability for existing, committed, and anticipated variable renewable energy (VRE) generation is
modelled using half-hourly generation profiles as described in Section 3.6.2. Timings for generator closures and
their application in AEMO6s forecasting 3&@4d planning ap

114 See https://www.energy.nsw.gov.au/nsw-plans-and-progress/regulation-and-policy/energy-security-safeguard/peak-demand-reduction-
scheme#:~:text=The%20Peak%20Demand%20Reduction%20Scheme,during%20hours%200f%20peak%20demand.

115 This is for the state of New South Wales only. The NEM region of New South Wales also includes the Australian Capital Territory, so
adjustments are made to ensure the target reflects the New South Wales state demand only.

116 At https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-
planning-data/generation-information.
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3.4.2 Technical and other cost paramet  ers (existing generators and storages)

Input vintage July 2023
Source Various, see below
Updates since Draft IASR Updated based on July 2023 Generation Informationand C| ean Ener gy Regul ator

emissions and generation 2021-22.

AEMO has sourced the operating and cost parameters of existing generators and storages from several different
sources, including AEMO internal studies!?’. They include:

A E M ® Generation Information page.

GHD, 2018-19 AEMO Costs and Technical Parameter Review.

Aurecon, 2022 Costs and Technical Parameter Review.

AEP Elical, 2020 Assessment of Ageing Coal-Fired Generation Reliability.
Generator surveys.

Clean Energy Regulator, Electricity sector emissions and generation 2021-22.

== =2 =4 A A -4 -2

Specific adjustments to the above sources if required, based on confidential or non-confidential engagement
with specific generators or developers.

The specific parameters obtained from these sources are summarised in Table 21 below.

Table 21 Sources for technical and cost parameters for existing generators

Source Techni c al and cost parameters used in

AEMOGs Generation | nfor mat i § Maximum capacities

1 Seasonal ratings (10% probability of exceedance (POE) summer, typical
summer and winter)

1 Auxiliary loads
1 Reserves
i Commissioning and retirement dates

GHD 2018-19 AEMO Costs and Technical Parameter
Review (primarily for existing generators)

Heat rates

Maintenance rates

Fixed and variable operating and maintenance costs
Ramp rates

Minimum up and down time

Aurecon 2022 Costs and Technical Parameter Review

(primarily for new entrant generators but also
referred to for some existing generators)

Heat rate curves used for calculating complex heat rates
Heat rates

Fixed and variable operating and maintenance costs
Ramp rates

Minimum stable levels

Generator surveys Forced outage rates

— = | = = = = =) [ = = = =) =)

Refinements to fixed and variable operating and maintenance costs for
coal-fired generation

AEP Elical 2020 Assessment of Ageing Coal -Fired 1 Assessment of forward-looking coal-fired generator reliability
Generation Reliability

117 Consultant reports and data books from GHD, Aurecon and AEP Elical are available at https://www.aemo.com.au/energy-systems/major-
publications/integrated-system-plan-isp/2022-integrated-system-plan-isp/current-inputs-assumptions-and-scenarios.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 88


https://www.aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2022-integrated-system-plan-isp/current-inputs-assumptions-and-scenarios
https://www.aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2022-integrated-system-plan-isp/current-inputs-assumptions-and-scenarios

Inputs and assumptions

Source Techni c al and cost parameters used in

AEMO internal studies 1 Complex heat rates, informed by Aurecon and GHD
9 Minimum stable levels

1 Ramp rates for coal-fired generation (using the 90" percentile of non-zero
ramp rates bid into the market by each unit).

9 Minimum and maximum capacity factors

Clean Energy Regulator , Greenhouse and energy 1 Scope 1 emission intensity for existing generators
information by designated generation facility 2021  -22

DCCEEW, 2022 Australian National Greenhouse | Emission factor for biomass
Accounts Factors

The specific assumptions on the parameters documented in the above table are contained in the 2023 IASR
Assumptions Workbook.

Capacity outlook model assumptions in the ISP

In long-term planning studies, AEMO applies assumptions related to operational characteristics of plant to project
future investment needs. Actual limits and constraints that would apply in real-time operations will depend on a
range of dynamic factors which may not be reasonable to incorporate without simplification to more static
assumptions.

The relative coarseness of the capacity outlook models requires that some operational limitations are applied
using simplified representations such as minimum stable levels or capacity factor limitations to represent technical
constraints and power system security requirements. This helps ensure that relatively inflexible generators, such
as coal-fired generators, are not dispatched in a manner that exceeds their technical capability, or that would not
be commercially viable. The current view of these operational limits is described in the accompanying 2023 IASR
Assumptions Workbook, but they are also an outcome of the iterative market modelling process and may be
refined during the ISP, as described in the ISP Methodology.

Minimum stable levels for existing generators are based on AEMO analysis of historical generation and
operational experience. Minimum stable levels for new entrant generators are sourced from Aurecon.

In the ESOO, station-level auxiliary rates are applied based on the information provided in the Generation
Information survey. This information is kept confidential. For the ISP and other publications, technology
aggregated auxiliary rates are used so that they may be published in the accompanying 2023 IASR Assumptions
Workbook while continuing to protect the confidentiality of information provided by participants.

Additional properties used in time  -sequential modelling in the ISP

Additional technical limitations may be incorporated in the time-sequential models, including:
1 Minimum up time and down times.

1 Complex heat rate curves.

1 Unit commitment optimisation and minimum stable levels, if the model granularity warrants the additional
complexity. For hourly or half-hourly modelling purposes, these optimisation limits are inappropriate for any
peaking plants, as this may restrict modelled dispatch in the models that is not representative of real-time
operation capabilities in sub-half-hourly dispatch periods.
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Further details on the implementation of these technical limitations can be found in A E M O BB Methodology!18.

Adjustment to the biomass emission factor

Compared with the 2021 IASR, the biomass emission factor has been reduced, because this is already captured
in the total emissions in the land use sector where the biomass originates. This is consistent with the treatment of
biomass as a special case in the 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories1®, Instead of emission factors from GHD, AEMO applies the estimated Scope 1 emission factor for
biomass from the Australian National Greenhouse Accounts F&€tors

3.4.3 Generator unplanned outage rates

Input vintage June 2023
Source Generator surveys, AEP Elical 2020, and Aurecon 2022 Cost and Technical Parameter Review
Updates since Draft IASR Unplanned outage rates were updated with latest data in May 2023 as part of data collection process for

the ESOO. The updates were presented to the FRG in June 2023.

For the 2023 ESOO, AEMO collected information from all generators on the timing, duration, and severity of
unplanned outages, via its annual survey process. This includes information on historical outages, and (for
selected participants) outage projections across the 10-year ESOO forecast period. This data was used to
calculate the probability of full and partial unplanned outages in accordance with the ESOO and Reliability
Forecasting Methodology*?!. For small peaking plants and hydro generator technology types, technology
aggregates are applied to individual stations to smooth the impact of outlying years. Where participants have
provided outage rate projections, AEMO has adopted these in agreement with station owners/operators.

Outage modelling assumptions for existing generators for ESOO and other reliability purposes

Long duration unplanned outages

As described in the ESOO and Reliability Forecast Methodology'??, AEMO models outages with a duration longer
than five months (long duration outages) from historical outage data from 2010-11 to 2022-23, prior to calculation
of the expected unplanned outage rate. For the 2023 ESOO, AEMO used an extended historical period of all
available data (13 years) to determine the (unplanned) long duration outage rates for each region and technology
class.

The long duration outages used in 2023 ESOO modelling, and in other reliability assessments such as Medium
Term Projected Assessment of System Adequacy (MT PASA) and Energy Adequacy Assessment Projection
(EAAP), are shown in Table 22.

118 See https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2022-integrated-system-plan-isp/isp-methodology.

19 For further details see Section 2.3.3.4 at https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/2_Volume2/19R V2 2 Ch02_ Stationary
Combustion.pdf.

120 At https://lwww.dcceew.gov.au/sites/default/files/documents/national-greenhouse-accounts-factors-2022. pdf.

121 At https://www.aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/reliability-forecasting-guidelines-
and-methodology-consultation/final/esoo-and-reliability-forecast-methodology-document.pdf?la=en.

122 At https://www.aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/reliability-forecasting-guidelines-
and-methodology-consultation/final/esoo-and-reliability-forecast-methodology-document.pdf?la=en.
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Table 22  Existing generators 9 long duration outages

Fuel type/technology Long duration outage rate (%) Mean time to repair (hours)

All coal 0.90% 5,622
OCGT 0.77% 2,562
Hydro 0.10% 2,870
Other gas and liquid 0.49% 6,441

OCGT: Open cycle gas turbine.

Unplanned outage rate trajectories (excluding long duration outages)

The first year unplanned outage rates assumed in the 2023 ESOO were based on participant-provided information
and projections for each technology (see Table 23).

Table 23  Unplanned outage assumptio ns (excluding long duration outages) for 2023-24 year

Technology Full unplanned Partial unplanned Partial derating (% Mean time to Mean time to
outage rate (%) outage rate (%) of capacity) repair 1 full (hours) repair i partial
(hours)

Brown coal 7.75 11.56 17.91 90.05 12.20
Black coal NSW 6.31 31.46 16.60 157.62 33.97
Black coal QLD 6.75 12.86 25.16 185.00 56.42
OCGT 7.21 1.12 9.99 44.08 106.48
Small peaking plant* 9.58 0.32 33.70 150.20 189.52
Hydro 5.11 1.71 15.18 38.10 473.44
Closed cycle gas 5.04 1.66 15.21 61.19 40.35

turbine (CCGT) & gas -
fired steam turbine

Batteries 1.84 26.05

*Small peaking plants are generally classified as those less than 150 MW in capacity, or with a very low and erratic utilisation

The 10-year projections for the equivalent full unplanned outage rate!?? of all technology aggregates are shown in

Figure 35, Figure 36 and Figure 37, with and without the effect of long duration outages. The annual equivalent

unplanned outage rate is affected by changes to assumed reliability and retirements of generators over the

horizon. To protect the confidentiality of the individual station-level information used, unplanned outage

trajectories are provided for the first 10 years of the horizon for technology aggregates only. Due to the small
number of coal plantsi n | at er years, al/l regions have been further
confidentiality.

123 Where equivalent full unplanned outage rate = Full outage rate + partial outage rate x average partial derating.
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Figure 35 Equivalent full unplanned outage rate projections for coal  -fired generation technologies
20%
18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

SIS N - SN RN S N N

Equivalent Full Unplanned Outage Rate (%)

eeeeee Black Coal NSW - all outages
eeeses Black Coal QLD - all outages
eessee Brown Coal - all outages
eeseee Al Coal - all outages

Black Coal NSW - no long duration outages
Black Coal QLD - no long duration outages
Brown Coal - no long duration outages

All Coal - no long duration outages

Figure 36  Equivalent full unplanned outage rate projections for OCGT, CCGT and steam turbin e generation
technologies
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Figure 37  Equivalent full unplanned outage rate projections for small peaking plant, hydro and battery
technologies
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Outage modelling assumptions for existing generators for ISP p urposes

For ISP purposes, the forced outage rate assumptions, which incorporate long duration outages, are held

constant past the first 10 years. Although reliability may degrade as plant ages and nears retirement, any

accuracy of this trend beyond 10 years is difficult to implement, particularly when timing of generation withdrawal

may be dynamic. It is a level of complexity that AEMO does not consider warranted, as it is not expected to
introduce a material difference to ISP outcomes. Mor e i nf or mati on on treatment of
modelling is provided in the ISP Methodology!?4.

New entrant generation outage assumptions for all modelling purposes

The equivalent full forced outage rate (EFOR) for new entrants is provided by Aurecon. Calculations from Aurecon

follow the formulas defined in IEEE std 762 and source data is based on indicative industry values by technology,

like contractual or operational availability for onshore wind and solar. For new c o al generati on,
equally divided between full and partial outage/derating. Long duration outages are not applied to new entrant
technologies.

124 At https://aemo.com.au/en/energy-systems/major-publications/integrated-system-plan-isp/2022-integrated-system-plan-isp/isp-
methodology.
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3.4.4 Generator retirements

Input vintage 1 Retirement costs: June 2022
1 Retirement dates: July 2023

Source 1 Generation Information
i1 GHD 2018
Updates since Draft Expected closure years and closure dates have been updated to reflect the most recent data collection.
IASR AEMO engaged with generator participants but no further information on retirement costs was able to be
provided.

For existing generators, AEMO applies the expected closure year as provided by participants and published
through AEMOOGs Ge n B mpage asa latest retifemantndate, asdofows:

1 In ESOO, MT PASA and EAAP, expected closure years are applied consistent with participant-provided
information.

1 Inthe ISP, retirements may be brought forward ahead of the expected closure year if it reduces overall system
costs, as described in Section 2.4.1 of the ISP Methodology. As discussed in more detail in that document,
retirements may take place earlier than expected due to explicit decarbonisation or policy constraints.

For reference, a ficlosure dateo has the meadateagenesfrec i f i
will cease to supply electricity in the market, while a
expects to cease to supply electricity (as per NER 2.2.1(e) (2A)). This tends to include only projects that are

scheduled to close in the near term, over the next few years or so, and is published within the Generating Unit

Expected Closure Year subset of the Generation Information page.

As discussed in the ISP Methodology, if a generator has reported its closure date (as opposed to its expected

closure year) then earlier retirement of that unit is not considered. AEMO&s approach therefore
increased accuracy of closure date submissions, thereby locking these dates in across all analysis, rather than
contemplating alternative economics-triggered closure timings.

Retirement costs by generation technology have been provided by GHD and are presented in the accompanying
2023 IASR Assumptions Workbook. A number of technologies (biomass, solar thermal, offshore wind) do not
have a retirement cost estimate. Given the development lead times of these technologies (generally greater than
six years) and the economic life (generally greater than 25 years), retirement costs would be incurred beyond the
end of the ISP modelling horizon, even if built as soon as possible. Retirement costs incorporate the cost of
decommissioning, demolition, and site rehabilitation and repatriation, excluding battery storage technologies
where disposal cost data is not known.

125 At https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-
planning-data/generation-information.
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3.4.5 Hydro modelling

Input vintage June 2023

Source Inflows T hydro operators, considering insights regarding long-term rainfall trends from the Electricity Sector
Climate Information (ESCI) project'?.

Updates since Draft IASR Hydro scheme inflows have been updated based on data received from participants in April and June of
2023.

Hydro scheme inflows

AEMO models each of the large-scale hydro schemes using inflow data for each generator, with aggregation of
some run-of-river generators.

Tasmanian hydro scheme

AEMOG6s approach to model |l ing t herelesxonat0ipondt?’ thpalsgyndesignedn hy d-
to capture different levels of flexibility associated with the different types of storage outlined above (see
Figure 38).

126 ESCI information available at https://www.climatechangeinaustralia.gov.au/en/projects/esci/.
127 The capacity outlook model may aggregate long-term storages together to reduce simulation time.
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Figure 38 Hydro Tasmania scheme to pology
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Mainland hydro scheme

Some of the Victorian hydroelectric generators are modelled using maximum annual capacity factor constraints on
each individual generator; these are West Kiewa and Bogong-Mackay??8. The model schedules the electricity

128 These generators are fed from a very large storage (Rocky Valley Dam), which effectively means they have an annual energy supply from
rain and snow that they can use flexibly throughout the year. Annual capacity factor constraints are therefore most appropriate to constrain
the generation from these units.
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production from these generators across the year such that system costs are minimised within this energy
constraint.

Other hydroelectric generators in Victoria and Queensland, as well as the Snowy scheme, are represented by
physical hydrological models, describing parameters such as:

1 Maximum and minimum volume.

1 Initial storage volume.

1 Monthly reservoir inflow rates reflecting historical inflows.

Monthly storage inflows used in market modelling studies can be found in the 2023 IASR Assumptions Workbook.

Figure 39 presents a representation of the topology currently modelled for the Snowy scheme.

Figure 39  Snowy Hydro scheme topology
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Figure 40 provides graphical representations of the other hydrological models used in the market simulations, as
well as the registered capacity of the adjoining generating units2°,

129 Storage capacities are defined in megalitres (ML).
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Figure 40 Hydro scheme topolo gies of other existing hydro power stations
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*Energy storage at Fitzroy Falls includes full drop through both power stations.
The 2023 IASR Assumptions Workbook provides the annual and seasonal variation in hydro inflows for key hydro
schemes. An example of this is shown in Figure 41 below, for Snowy Hydro.
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Figure 41  Hydro inflow variability across reference weather years & Snowy Hydro
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Australia-specific climate information on regional changes in long-term average rainfall over time has been
estimated through close collaboration with CSIRO and the BoM as part of the Electricity Sector Climate
Information (ESCI) project, sponsored by the Federal Government!3°,

Streamflow change factor projection information was provided to AEMO as part of the ESCI project for 220
different natural streams in Australia. AEMO grouped many of these natural streams into three different areas
based on their proximity to existing hydro generators, and the statistical stability of the change factor projections.
The projections represent the median of an ensemble of streamflow projections and have been scaled to reflect
the inherent climate narratives relevant to each scenario.

The median hydro change factor projections are shown in Table 24 for the Step Change scenario, as an example.
Other scenario hydro climate factors are available in the 2023 IASR Assumptions Workbook.

Table 24 Median hydro climate factors, Step Change scenario
North Queensland 0% 0% 0% 0%

Southern Queensland, New South Wales, Victoria, -2.0% -5.0% -4.9% -5.3%
and South Australia

Tasmania -0.8% -2.0% -1.2% -0.4%

130 See https://www.climatechangeinaustralia.gov.au/en/projects/esci/.
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3.5 New entrant generator assumptions

3.5.1 Comm itted and anticipated projects

Input vintage July 2023
Source Participant survey responses

Updates since Draft IASR Updated to incorporate the July 2023 Generation Information.

New generator or storage developments that are announced to market are assessed against commitment criteria
published in AEMOG6s Gen®mThei oommhf mematcont pagae cover f|
development, covering:

Land/site acquisition.
Contracts for major components.
Planning and other approvals.

Financing.

== =/ =4 A =

Construction.

To classify the commitment status of generators or storages, AEMO uses information provided by both NEM
participants and project proponents. In reliability assessments, some projects are subject to delays to manage the
impact of commissioning risks in the short to medium term, whereas the ISP assumes that projects are delivered
on schedule so that any infrastructure needed to extract the full value of these projects for consumers can be
considered as part of the whole-of-system plan. The key classifications are defined as follows:

1 In Commissioning are those projects that have meet the requirements of the first commissioning hold point
(typically at least 30% capacity commissioned).

0 For reliability and ISP assessment purposes: Pr oj ect s 6in commi ssioni rnMuiyd are |
available at the Full Commercial Use Date (FCUD) submitted by the project proponent.

1 Committed projects are projects that have fully met all commitment criteria but have not yet met the
requirements of their first commissioning hold point.

0 For reliability assessment purposes: dCommittedéprojects are included in the modelling at six months after
the FCUD submitted by the project proponent.

0 For | SP assessment ppuojegsae assumedidpoooerd at thed-@UD submitted by the
project proponent.

1 Committed* projects are those that are highly likely to proceed, satisfying land, finance and construction
criteria plus either planning or contracts criteria. Progress towards meeting the final criteria is also evidenced
and construction or installation has also commenced.

0 For reliability assessment purposes: Committed* projects are included in the modelling at six months after
the FCUD submitted by the product proponent.

131 See https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-
planning-data/generation-information.
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0 For | SP assessment pur p oa&aeassumed tC proceed at the RCYUD sulpmittedjbe c t s
the project proponent.

1 Anticipated projects are those projects that are likely to proceed, have demonstrated progress towards
meeting at least three of the commitment criteria and have updated their submission to AEMO in the previous
six months.

0 For reliability assessment purposes:

3 To reflect the uncertainty in the commissioning of these projects, anticipated projects which have
provided an expected commissioning date are assumed to become fully available at the latest date of
either: one year after the date provided by the project proponent, or the first day after the T-11%2 year for
Retailer Reliability Obligation (RRO) purposes.

3 Anticipated projects which are not yet sufficiently progressed to provide an expected commissioning
date are assumed to become fully available on the first day after the T-3133 year for RRO purposes.

0 For ISP assessment purposes:

3 Anticipated projects for which an expected commissioning date has been provided are assumed to
proceed at the FCUD submitted by the project proponent.

3 Anticipated projects for which an expected commissioning date has not been provided are assumed to
become fully available two years after the publication of the IASR (that is, July 2025 for the purposes of
this IASR), subject to technology development lead time assumptions.

1 Proposed projects are those projects that have not progressed sufficiently to meet the requirements of an
Anticipated or Committed project.

0 Proposed projects are not celabilgyiodSPrasessmentsphutimaybel vy i n AL
considered in sensitivities if relevant.

Further details are available in the Reliability Forecasting Methodology Final Report®34.

The 2023 IASR uses the Generation Information as at July 2023. A summary of existing, committed, and
anticipated projects included in that release is provided in Figure 42 below.

132 T-1 refers to reliability assessments one year out. For example, for a reliability assessment conducted in August 2023, the T-1 period refers
to the 2024-25 financial year.

133 T-3 refers to reliability assessments three years out. For example, for a reliability assessment conducted in August 2023, the T-3 period
refers to the 2026-27 financial year.

134 See Section 2.7 at https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/reliability-forecasting-
guidelines-and-methodology-consultation/final/esoo-and-reliability-forecast-methodology-document.pdf?la=en.
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Figure 42  Generation and storage projects in July 2023 Generation Information page
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AEMObGs model |l i ng wi-tb-tlaterintrimbtiencavailabld at thentimes it commgnces and will
incorporate new updates if material where possible. Each publication will note what version of the Generation
Information was used in the assessment.

3.5.2 Candidate technolog ies

Input vintage July 2023

Source 9 CSIRO: GenCost 2022-23 Final report
9 Aurecon: 2022 Costs and Technical Parameters Review
 GHD: 2018-19 Costs and Technical Parameters Review

Updates since Draft IASR Renamed biomass generation i electricity and heat to reflect stakeholder feedback.

For the 2024 |1 SP6s c apraduded ligt ofdechndlogies ks cansiddred basedog techremlogy
maturity, resource availability, and energy policy settings.

Table 25 below presents the list of technologies that will be used in 2023-24 publications.

Table 25  List of generation and storage technology  candid ate

List of technologies for consideration in Commentary
the 2024 ISP

CCGT i with CCS )
CCGT i without CCS i
OCGT i without CCS, Small unit size )
OCGT i without CCS, Large unit size i
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List of technologies for consideration in Commentary
the 2024 ISP
Hydrogen -based reciprocating engines Based on ARQ0R2 EostoandTechnical Parameters Review, AEMO will instead

model hydrogen-based reciprocating engines, instead of hydrogen-based OCGTs, given
the f o r mlewedbrslative capital and O&M costs, as well as their higher relative efficiency.

Lithium -lon battery storage AEMO includes storage sizes from 1 to 8 hours in its models. No geographical limits will
apply to available battery capacity given its small land footprint.

Solar PV i single axis tracking T

Solar thermal central receiver with The storage component will be increased from 8 hours to 15 hours. Additionally, in
storage (15 hr) response to stakeholder feedback, the behaviour of this technology will be modified to
place greater emphasis on generating at peak and night times.

Wind i onshore )
Wind 1 offshore (both fixed and floating) Since the 2022 ISP, candidate offshore REZs have been updated for the 2023 IASR.
Additionally, both fixed and floating offshore wind turbine structures will be considered as

distinct candidate options, with consideration for the ocean depth of the offshore REZ.
More information is available in Section 3.9.

Biomass generation i electricity and heat Previous stakeholder feedback on technologies considered within GenCost 2022-23 Final
report® has suggested the need to pair heat and electricity production. In response,
biomass generators in GenCost 2022-23 Final report and the ISP now includes both power
generation and process heatt AEMO&6s capacity outl ook rimatd e
demand or location explicitly so any build decisions will be solely driven by power needs.

Pumped hydro energy storage (PHES) AEMO includes eight-, 24-, and 48-hour PHES options across the NEM. Six and 12-hour
PHES options are consolidated into an eight-hour option to reflect likely future PHES
developments across the NEM. This also aligns with the New South Wales Infrastructure
roadmap.

These options are supplemented by announced projects where appropriate, for example
the 20-hour Cethana project in Tasmania, which is included as a specific option with its
own build cost and limit and deducted from the capacity available in Tasmania.

This portfolio of candidates complements deep storage initiatives (such as the committed
Snowy 2.0 and the anticipated Borumba Dam), and existing traditional hydro schemes.

A. At https://www.csiro.au/en/research/technology-space/energy/energy-data-modelling/gencost.

The following technologies are excluded from modelling considerations to keep problem size computationally
manageable:

1 New brown coal generation (with or without CCS) i given federal and state existing and contemplated policies
regarding net zero emissions, including this technology would present an internal inconsistency with those
policy requirements. Considering also that there are lower cost dispatchable alternatives offering greater
system flexibility, investment risks for new brown coal developments are therefore assumed to be too high to
be commercially viable.

i Advanced ultra-supercritical pulverised black coal (with and without CCS) T given the presence of carbon
budgets across all scenarios and the existence of lower cost dispatchable alternatives, it is not expected that
these technologies will be deployed and are therefore excluded.

1 Reciprocating internal combustion engines i reciprocating engines fuelled by natural gas/diesel are not
modelled due to their high capital cost relative to open cycle gas turbines (OCGTSs), as discussed in the
Aurecon 2022 Cost and Technical Parameters Review.

1 Nuclear generation, including small-modular reactors i currently, Section 140A of the Environment Protection
and Biodiversity Conservation Act 199913 prohibits the development of nuclear installations.

135 At https://www.legislation.gov.au/Details/C2012C00248.
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1 Geothermal technologies i geothermal technologies are considered too costly and too distant from existing
transmission networks to be considered a bulk generation technology option in any REZ.

1 Solar PV fixed flat plate (FFP) and dual-axis tracking (DAT) technologies 1 while the best solar configuration
depends on each individual project, single-axis tracking (SAT) generally presents greater value on a cost per
energy delivered basis given current cost assumptions. Presently, announced SAT projects also provide more
proposed capacity than DAT and FFP projects, and almost all recent project commitments for large-scale solar
are SAT136, Given this preference and the relative cost advantage, AEMO models all future solar
developments using SAT configuration.

i Tidal / wave technologies i this is not sufficiently advanced or economic to be included in the modelling.

i Hybrid technologies i these are not explicitly considered, but the ISP Methodology sets out how AEMO
considers the benefits of co-locating VRE and storage in the assessment of potential actionable REZ
augmentations.

3.5.3 Candidate technology build costs

Input vintage July 2023

Source i CSIRO: GenCost 2022-23 Final report
9 Aurecon: 2022 Costs and Technical Parameters Review
1 Entura: 2018 Pumped Hydro Cost Modelling
1 Hydro Tasmania information on Cethana project

Updates since Draft IASR Updated to reflect CS | R @én€ost 2022-23 Final report

Capital cost trajectories

AEMOOG s g eandstorage capital cost trajectories are informed by the GenCost publication series T an
annual publication of electricity generation technology cost projections conducted jointly through a partnership
between CSIRO and AEMO.

To support this forecast, Aurecon provided estimates of the current capital cost of each generation technology
(except for PHES) while pumped hydro energy storage cost estimates were originally sourced from a detailed
Entura report on Pumped Hydro Cost Modelling*®”. CSIRO uses these current capital cost estimates in the

GALLM model to produce capital cost forecasts that are a function of global and local technology deployment.

GenCost estimates include consideration of global demand for each technology, which relates to, among other
things, international policy and renewable targets. Since the 2021 IASR, the GenCost scenarios have evolved to
better reflect the uncertainty in the speed of global emissions reduction, which improves the alignment with
AEMOO® s s ¢anda@msidavasion of current supply-chain pressures.

The build cost projections are given for three GenCost 2022-23 Final report scenarios: fiGlobal NZE by 20500 ,
fiGlobal NZE post 20500 a @uidrenfiPoliciesd . These scenarios are described in
GenCost 2022-23 Final report. AEMO maps the 2023 IASR scenarios to the GenCost 2022-23 Final report

scenarios based on the fit of the narratives against each other, as shown in Table 26.

136 Based on November 2022 Generation Information, at https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-
nem/nem-forecasting-and-planning/forecasting-and-planning-data/generation-information.

187 At https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Inputs-Assumptions-Methodologies/2019/Report-
Pumped-Hydro-Cost-Modelling.pdf.
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Table 26 Mapping AEMO scenario themes to the GenCost 2022-23 Final report scenarios

ISP scenar io GenCost 2022-23 Final Explanatio n
report scenario

Progressive Current Policies* Consistent with current commitments to the Paris Agreement, leading to the lowest

Change global emissions reduction ambition and a 2.5°C warming future.

Step Change Global NZE post 2050 Consistent with global action to limit temperature rises to less than 2°C, and with
industrialised countries targeting net zero emissions by 2050.

Green Energy Global NZE by 2050 The most ambitious global emissions reduction scenario, consistent with limiting

Exports temperature rises to less than 1.5°C.

* While Progressive Change does increase its emissions reduction ambition, achieving net zero emission domestically by 2050, the scenario also delays
significant action to alignwitha hi gher war ming future at a gl obal scale and is not consi st

Figure 43, Figure 44 and Figure 45 present a comparison of GenCost 2022-23 Final reportd &lobal NZE post
2050 compared with GenCost 2021-2 2 &lobal NZE post 2050 build cost projections (excluding connection
costs) for selected technologies. Cost projections for each technology and scenario are available in the
accompanying 2023 IASR Assumptions Workbook.

Compared to last estimates, the resulting cost projections see a significant increase over the next few years due
to the current inflationary pressure especially for wind and storage technologies. As these impacts ease, costs
converge closer to previous estimates in the longer term.

As detailed in the accompanying Aurecon report*®, there has been a substantial movement in capital cost
assumptions compared to last year for a number of technologies. For example, onshore wind estimates have
increased by 35%, and battery costs have increased by up to 20-35%.

Increases in current cost estimates are primarily driven by supply chain cost pressures, as discussed in more

det ai | in Aureconds report. These pressures tomboururn ar e
shortages, steep rises in metal prices flowing through to markets, elevated shipping costs, or rising fuel prices

amongst other factors. At the same time, more technology specific factors also play a role, such as increased

lithium carbonate prices, or global competition for key components and technologies impacting wind turbine

prices.

In recognition of the current inflationary cycle and the resulting cost pressures, CSIRO has modified their

modelling approach in GenCost 2022-23 Final report to better account for this influence. Taking Aur e caneh 6 s
E n t u figarésss a starting point, GenCost 2022-23 Final reportn o w a p lmatket-ef o0& t s & overahet o r
period to 2023-24 (or more detailed projected cost information where available, such as for onshore wind, solar

PV, batteries and electrolysers). These basket-of-costs factors take into consideration projected CPI, imported
equipment, domestic equipment, and labour indices.

Following stakeholder feedback, the impact of supply chain constraints under the Global NZE by 2050 and Global
NZE post 2050 scenarios are expected to last until 2029-30 when strong technology development is expected to
occur. From that point, costs are expected to return to the normal trajectory had there not been cost pressures.
Under the Current Policies scenario where there is less growth in technology deployment expected, the impact of
pressured supply chains is expected to last only until 2026-27, after which the cost projections are largely driven
by global technology deployment. Costs are interpolated between the values for 2023-24 and the normal
trajectory in either the 2026-27 or 2029-30, depending on the scenario.

Additionally, projections have been adjusted to recognise the fundamental scarcity of land and easements
following stakeholder feedback. Projections will be using locational cost factor published in the report by Mott

138 At https://aemo.com.au/consultations/current-and-closed-consultations/2023-inputs-assumptions-and-scenarios-consultation.
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Macdonald underpinning figur es i n AEMOO6s Tr an s miorghe larad and Easesnent dmpdoreeht a s e
of the project cost.

More information on methodology adjustments from GenCost 2021-22 to GenCost 2022-23 Final report can be
found in the GenCost 2022-23 Final report.

Figure 43 2022 vs 2023 Global NZE post 2050 : build cost trajectories forecasts for wind and large -scale solar
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Figure 44 2022 vs 2023 Global NZE post 2050 : build cost trajectories forecasts for gas  and hydrogen
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Figure 45 2022 vs 2023 Global NZE post 2050 : build cost trajectories forecasts for selected storage technologies
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In GenCost 2022-23 Final report, current costs (a key input to develop the projections) represent current
contracting costs or costs demonstrated to have been incurred for projects completed in the current financial year
and does not represent quotes for potential projects or project announcements.

It should also be noted that when comparing GenCost 2022-23 Final reportd sapital costs in $/kW with Aurecon,
the latter do not include the cost of land in its presentation of $/kW capital costs, whereas this is included by
GenCost 2022-23 Final report, and therefore by AEMO,

Capital costs are not applied for existing, committed, and anticipated projects as these projects are included in all
ISP development pathways, including the counterfactual, and therefore the calculation of net market benefits are
not influenced by these project costs.

Locational cost factors

Input vintage July 2023

Source  GHD: 2018-19 Costs and Technical Parameters Review
9 Aurecon: 2022 Costs and Technical Parameters Review
1 AEMO revisions
Updates since Draft IASR Locational cost factor adjustment for the land component of the generation cost is based on the easement

and property cost adjustment factors taken from the Mott MacDonald transmission cost database update
final report'4°.

139 Build costs from GenCost are then weighted by regional costs factors (see the following section) where AEMO considers Aurecond s cost of
land and other locational influences.

140 At https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/2023-teor/mott-macdonald-
transmission-cost-database-update-final-report.pdf?la=en.
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To estimate the capital costs of technologies developed in different locations, cost zones are attributed to each
generation and storage candidate. Each cost zone in each region has a specific set of locational cost factors
which provides multiplicative scalars to the cost components (equipment, fuel connection, land and development,
and installation) of each generation and storage technology type.

Table 27 captures breakdown of technology cost components which are informed by updated data from GenCost
2022-23 Final report. Compared to figures published in the A E M O 8022 Forecasting Assumptions Update4?,
there has been an increase in the ratio of equipment cost for batteries, onshore wind, and biomass on account of
the new configuration, as discussed in the above section.

These factors do not capture site-specific aspects of costs that are only known when detailed feasibility
investigations have been implemented. If site-specific cost information on particular projects becomes available,
AEMO may shift to adopting these values as appropriate.

Table 27  Technology cost breakdown ratios

Technology Equipment costs Fuel connection Cost of land and Installation costs
costs development

OCGT (small gas turbine ) 61% 5% 8% 26%
OCGT (large gas turbine ) 59% 9% 8% 25%
CCGT 62% 3% 8% 27%
CCGT with CCS 63% 2% 8% 27%
Hydrogen reciprocating engines 55% 0% 8% 37%
Biomass 55% 0% 8% 37%
Battery storage (1 hr storage) 82% 0% 5% 13%
Battery storage (2 hrs storage) 83% 0% 4% 13%
Battery storage (4 hrs storage) 85% 0% 2% 13%
Battery storage (8 hrs storage) 85% 0% 1% 13%
Large -scale solar PV 57% 0% 6% 38%
Solar thermal (15 hrs Storage) 74% 0% 1% 25%
Wind i onshore 73% 0% 2% 24%
Wind i offshore (fixed) 69% 0% 2% 29%
Wind i offshore (floating) 69% 0% 2% 29%

Cost zones (low, medium, and high) consider regional labour costs and access to ports, roads and rail, but ignore
localised environmental, geological, and social drivers which require site-by-site assessments and are difficult to
predict. They also exclude cost premiums that may arise if multiple projects are simultaneously competing for
scarce resources across the construction supply chain. The primary source of these is the GHD 2018-19 review,
which has been updated following stakeholder feedback for the 2021 IASR and in this 2023 IASR.

In particular, on the back of stakeholder feedback, AEMO revised the cost zones such that the lowest cost zones
in each region have equivalent cost factors. Normalising these factors means that they reflect the impact of
proximity to major infrastructure and workers. The primary source of these factors is the GHD 2018-19 review.

141 At https://aemo.com.au/-/media/files/major-publications/isp/2022-forecasting-assumptions-update/final-2022-forecasting-assumptions-
update.pdf.
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As a result of stakeholder feedback that highlighted the inconsistencies with the treatment of locational cost
factors for transmission projects, AEMO has adopted the locational cost factors for the land and development cost
component from the Mott Macdonald report!4? that feedsi nt o AEMO6s Transmi ssion Cost

Table 28 and Figure 46 present the estimated NEM locational cost factors. The accompanying 2023 IASR
Assumptions Workbook provides additional details of these cost factors, including the resulting regional
technology cost adjustment factors.

Table 28  NEM locational cost factors

Region Cost zone Equipment Fuel connection Cost of land and Installation O&M costs (%)
costs (%) costs (%) development (%) costs (%)
Low 100 100 100 100 100

New South

Wales Medium 105 107 79 110 108
High 110 116 21 120 117

Queensland Low 100 100 100 100 100
Medium 105 110 49 115 112
High 110 121 21 131 125

South Australia A  Low 100 100 100 100 100
Medium 105 110 88 115 112
High 110 120 17 129 124

Tasmania Low 100 100 100 100 100
Medium 105 107 72 110 109
High 110 114 64 121 117

Victoria Low 100 100 100 100 100
Medium 103 103 69 103 103
High 105 105 36 105 105

A. There are some differences between the South Australia values applied here whenc o mpar ed t o the Mott Macdonald upd:z:
Transmission Cost Database. Further information i s atips/adma.doin.au/consultalibos/ctrrerita c d o n a |
and-closed-consultations/2023-transmission-expansion-options-report-consultation.

142 At https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/2023-teor/mott-macdonald-
transmission-cost-database-update-final-report.pdf?la=en.
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Figure 46  Locational cost map
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Locational cost factors  for pumped hydro

In line with all other new entrant technologies, sub-regional locational cost factors are applied to PHES options.
Unlike those for other technologies, locational cost factors for PHES have been derived based on the relative cost
of the natural resource and geology available within each location for PHES development. These factors do not
capture site-specific aspects of costs that are only known when detailed feasibility investigations have been
implemented. The factors have been sourced from the Entura report and remain consistent with the 2021 IASR. If
site-specific cost information on particular projects becomes available, AEMO may shift to adopting these values
as appropriate.

Table 29 presents the locational cost factors for PHES. Tasmanian facilities'*® are at least approximately 25%
lower cost than Victorian alternatives, and the cost advantages of pumped hydro in Tasmania increases for
deeper storage sizes.

Table 29  Pumped hydro energy storage locational cost factors
Northern Queensland (NQ) Queensland 1.01 0.88 0.86
Central Queensland (CQ) Queensland 1.01 0.88 0.86
Gladstone Grid (GG) Queensland not applicable* not applicable* not applicable*
South Queensland (SQ) Queensland 1.11 0.96 0.88
Northern New South Wales (NNSW) New South Wales 0.88 0.82 0.62
Central New South Wales (CNSW) New South Wales 1.02 1.08 1.12
South New South Wales (SNSW) New South Wales 1.04 1.00 0.91

Sydney, Newcastle, Wollongong (SNW)
Victoria (VIC)

Central South Australia (CSA)

South East South Australia (SESA)

New South Wales
Victoria
South Australia

South Australia

not applicable*
1.00
1.35

not applicable*

Tasmania (TAS) Tasmania 0.75
*Pumped hydro energy storage of this depth in this sub-region is not a credible candidate.
3.5.4 Storage -specific assumptions

Input vintage July 2023

Source 9 Aurecon: 2022 Costs and Technical Parameters Review

9 CSIRO: GenCost 2022-23 Final report

9 Entura: 2018 Pumped Hydro Cost Modelling
1 Hydro Tasmania information on Cethana project

not applicable*
1.00
1.67
not applicable*

0.62

not applicable*

1.00
not applicable*
not applicable*

0.46

Updates since Draft IASR  Updated to reflect final assumptions from Aurecon, which includes revisions based on stakeholder feedback.
The pumped hydro options have been consolidated to reflect proposed projects and improve alignment with
the New South Wales Electricity Infrastructure Roadmap and Queensland governments plans for PHES in
south-east Queensland.

143 These factors apply only to generic Tasmanian projects, as specific cost assumptions are used for the Cethana project.
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AEMO includes a range of storage options in assessing the future needs of the power system. Storage expansion
candidates in each region include PHES, large-scale batteries, concentrated solar thermal (CST), and embedded
battery syst e m&ERNirdcdsts.n AEMOO s

Pumped hydro energy storage (PHES)  build limits

AEMO applies build limits for pumped hydro expansion candidates based on sub-regional estimates detailed by
the 2018 Entura report'#4, modified where appropriate to reflect the latest generator development announcements
in Generation Information (or announced government development policies).

AEMO has adjusted the limits to consider proposed projects across NEM regions since the publication of the
Entura report. AEMO has subtracted the generation capacity of these projects from the relevant original limit,
whil e mai nt ai n-iegiogal lEFeakdawn.a 6 s s ub

The pumped hydro energy storage sub-regional limits are shown in Table 30.

Table 30  Pumped hydro sub -regiona | limits (in MW of generation capacity)

ISP sub -region PHES: 8hrs PHES: 24hrs PHES: 48hrs

Northern Queensland (NQ) Queensland 1,250

Central Queensland (CQ) Queensland 1,000 5,000 89
Gladstone Grid (GG) Queensland - - -
South Queensland (SQ) * Queensland 1,750 - 300
Northern New South Wales (NNSW) New South Wales 1,275 500 500
Central New South Wales (CNSW) New South Wales 1,750 235 83
South New South Wales (SNSW) * New South Wales 2,500 583 167
Sydney, Newcastle, Wollongong (SNW) New South Wales - - -
Victoria (VIC) Victoria 2,700 700 400
Central South Australia (CSA) South Australia 698 200 -
South East South Australia (SESA) South Australia - - -
Tasmania (TAS) » Tasmania 1,625 1,200 371

*The South Queensland limits do not include Borumba Dam (2GW), which will be modelled as a specific project.
* Total value excludes the contribution of Snowy 2.0.
" For Tasmania, this capacity does not include the Cethana project (750 MW).

The following considerations have been made in determining the pumped hydro sub-regional limits:

1 New South Wales PHES limits are based on 24 energy projects shortlisted for potential development as part of
the New South Wales Government Pumped Hydro Roadmap!4°. The limits have been further adjusted to
provide sufficient capacity to reflect five projects that have been awarded funding under the New South Wales
Pumped Hydro Recoverable Grants Program46.

1 Tasmanian PHES limits have been informed by analysis of the detailed project information within the Entura
report, provided by contributors to the report (but not published). This data avoids misinterpretation of projects

144 Entura, Pumped Hydro Cost Modelling, at https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/Inputs-
Assumptions-Methodologies/2019/Report-Pumped-Hydro-Cost-Modelling.pdf.

145 See https://www.energy.nsw.gov.au/nsw-plans-and-progress/major-state-projects/pumped-hydro-roadmap#-pumped-hydro-roadmap-.
146 See https://www.nsw.gov.au/media-releases/pumped-hydro.
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that may not be mutually exclusive and is aligned reasonably with Tasmanian PHES submissions to
Generation Information.

1 Where applicable, PHES limits have been adjusted above Entura estimates to ensure proposed projects in
Generation Information submissions can be accommodated. For example, the limit for 24-hour PHES in
Central Queensland has been adjusted to include the announced Pioneer-Burdekin Pumped Hydro Project!#’.

Batteries

Large-scale battery expansion candidates are modelled with fixed power to energy storage ratios, but with
flexibility to charge and discharge to achieve the optimal outcome for the system within the fixed power to energy
storage ratio limit.

Assumptions for battery storages of 1-hour, 2-hour, 4-hour, and 8-hour duration depths are based on data
provided by Aurecon in its final 2022-23 report. Battery storage degradation, which Aurecon indicates is 1.8%
annually, has been factored in by reducing the storage capacity of all battery storage by 16% which is an estimate
of the average storage capacity over the battery life of 20 years, after taking into account this degradation and
estimated operating levels.

AEMOOGs technol ogy c o srthe asabke stonggé damacityg in definimgsprojat costs as sourced
from Aurecon, and its modelling assumes a minimum and maximum state of charge of 0% and 100% respectively.

Exact storage locations are identified considering the storage needs of REZ and regional developments through
time-sequential dispatch and power flow modelling, using AEMO internal expertise to determine suitable locations
where transmission costs may be offset by locating storage.

Solar thermal technology

AEMO models new entrant solar thermal generators as a central tower and receiver with thermal storage. Based
on previous stakehol der f ee Gé&nBastkk02R-23fFinad reptorg the capacityCobtheR O6 s D |
thermal storage component has been updated from eight hours to 15 hours.

AEMOOGs capacity outl ook modelling for the 2022 | SP used
Stakeholder feedback has suggested modifications to the assumed operation of this technology are needed,

charging during sunlight hours and discharging at night. AEMO has modified the static discharge traces to reflect

this behaviour, such that they are optimised to discharge at night and during periods of high demand. If

reasonable adoption of the technology occurs, subsequent simulations will include it as a controllable storage

object to better represent its operation.

147 See https://gldhydro.com.au/projects/pioneer-burdekin/.
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3.5.5 Other technical and cost parameters for new entrants

Input vintage July 2023

Source 9 Aurecon: 2022 Costs and Technical Parameters Review
9 CSIRO: GenCost 2022-23 Final report
9 Entura: 2018 Pumped Hydro Cost Modelling
9 Hydro Tasmania information on Cethana project

Updates since Draft IASR No update since the Draft 2023 IASR

Technical and other cost parameters for new entrant generation and storage technologies include:
Unit size and auxiliary load.

Seasonal ratings.

Heat rate.

Scope 1 emission factors.

Minimum stable load.

Fixed and variable operating and maintenance costs.

Maintenance rates and reliability settings.

Lead time, economic life, and technical life.

- =2 =A =4 A 4 -4 A -

Storage parameters (including cyclic efficiency and maximum and minimum state of charge).

Details of these parameters are published in the 2023 IASR Assumptions Workbook as well as in the supporting
material from Aurecon.

For new entrant generators (that is, generators that are not existing, and developed in the forecast horizon), the

technical life of each asset is enforced, such that new capacities will be decommissioned at the end of their

respective technical lives. Replacementmaynotr equi re a o6greenfieldd solution (a
be appropriate for some assets), but technology improvements often mean that much of the original engineering

footprint of a project may require redevelopment. Given that a brownfield solution would likely require site-by-site
assessments and a more bespoke approach, AEMO applies no discount to asset redevelopments, with costs

consistent with new entry greenfield developments. Likewise, there is no requirement for a retired generator to be

replaced locally (except for if a policy setting required a local response to meet a renewable energy target, for

example), so a retirement could be effectively replaced at another NEM location, if that minimises costs.

The technical life assumed for new wind and solar projects is 30 years. This assumption has been validated
through the November 2022 Generation Information dataset, which shows that, on average, committed VRE
projects have submitted a technical life (reflecting the time between commissioning date and the expected closure
year) of 29 years (solar projects) and 26 years (wind projects). AEMO considers this an appropriate and
supportive benchmark of the assumption.

© AEMO 2023 | 2023 Inputs, Assumptions and Scenarios Report 114



Inputs and assumptions

3.6  Fuel and renewable resource assumptions

3.6.1 Fuel prices

Gas prices
Input vintage July 2023
Source ACIL Allen Consulting

Updates since the Draft New gas price forecasts based on feedback received on Draft 2023 IASR, to reflect gas price cap and
2023 IASR Mandatory Code of Conduct

To address stakeholder feedback received during the 2023 Draft IASR consultation process,and AEMOG6s own
recognition that the draft forecasts were yet to consider recent government pricing policy, AEMO sourced updated

natural gas price forecasts from ACIL Allen in July 2023. These forecasts consider the impact of the Federal
Government ds mandat ory TheGaevas phisheduncluly 2026, ardl endludes a

reasonable pricing framework extending the existing gas price cap of $12/GJ for wholesale gas contracts and for
non-urgent transactions (outside three days) at the Gas Supply Hubs. Small producers (less than 100 PJ per

year) supplying the domestic market are exempt from the pricing rules, whilst other producers can apply for

conditional exemptions. The Code is subject to a review commencing 1 July 2025.

The gas price forecasts consider fundamental inputs such as forecast gas production costs from existing and
upcoming fields, reserves, infrastructure and pipelines, in addition to international gas prices, oil prices and
measures of the domestic economy. The forecasts are also based on assumptions about the influence of
international prices on east coast gas prices through LNG netback pricing, and the local level of competition. The
Australian Domestic Gas Supply Mechanism (ADGSM) reforms commenced 1 April 2023 and are designed to
make the ADGSM more responsive to domestic gas shortfalls, while protecting established long-term contracts.
The effect of the ADGSM reforms and the Heads of Agreement with east coast gas exporters are considered in
the gas price forecasts.

Figure 47 compares industrial gas price forecasts at Melbourne across the scenarios against forecasts presented
in the 2021 IASR, as well as the 2023 Draft IASR. All other regions are provided in the 2023 IASR Assumptions
Workbook. For the Step Change scenario, Figure 48 demonstrates the relationship between regions. More
information on the derivation of these forecasts is provided in the ACIL Allen report4°.

148 See https://www.energy.gov.au/government-priorities/energy-markets/gas-markets/mandatory-gas-code-conduct.
149 At https://aemo.com.au/en/consultations/current-and-closed-consultations/2023-inputs-assumptions-and-scenarios-consultation.
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Figure 47  Forecast industrial gas prices by scenario 8 Melbourne , 2023 to 2054 ($AUD/GJ)
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Figure 48 Forecast industrial gas prices by location 8 Step Change , 2023 to 2054 ($AUD/GJ)
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Both figures feature a high initial price, reflecting the current global economic conditions. The near-term price has
reduced in comparisontothe2 023 Dr aft | ASR forecasts, reflecting the
Mandatory Code of Conduct and gas price cap. Following this, the price forecasts decline to a minimum in the late
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2020s, largely driven by a forecast reduction in LNG netback prices'®. Gas prices in the long term are forecast to
increase slightly, a result of the competing effects of decreasing supply and increasing production cost.

The scenarios differ based on longer-term underlying costs of supply for each scenario, as well as international oil
prices.

These gas price forecasts assume that new gas production becomes available when required, and makes no
assumptions around access to finance for new gas developments. They also reflect the marginal cost for new
wholesale gas supply in each region.

The gas prices associated with each gas-powered generator are provided in the 2023 IASR Assumptions
Workbook. The costs include regional pricing, considering the supply options and the relevant cost of pipeline
transmission.

Coal prices
Input vintage July 2023
Source Wood Mackenzie and OEA
Updates since Draft IASR Forecasts updated based on feedback received on the 2023 Draft IASR, to reflect coal price cap

AEMO engaged external consultant OEA to provide a forecast for Newcastle export thermal coal prices for each
scenario. The unprecedented volatility in international energy commaodities during 2022 had a strong influence on
coal prices for electricity generation. In late 2022, the New South Wales and Queensland Governments agreed to
implement temporary coal price caps of $125 per tonne for power stations as part of the Federal Governmentd s
Energy Price Relief Plan.

The coal price forecasts provided by OEA have been updated in this 2023 IASR to reflect the $125 per tonne
price cap until 30 June 2024. The export price forecast is used to establish the domestic equivalent cost for black
coal generators in Queensland and New South Wales, depending on their level of export price exposure.

Not all coal generators are exposed to export pricing dynamics, particularly if they operate from captive mines, or
are not using export or near-export grade black coal. Coal generators not considered exposed to the export

markets (for example the Victorian brown coal fleet) use Wood Mackenzie s 2021 coal price forecasts?®.

The coal price forecasts are provided in more detail in the 2023 IASR Assumptions Workbook.

150 See https://www.accc.gov.au/requlated-infrastructure/energy/gas-inquiry-2017-25/Ing-netback-price-series.
151 Price forecasts do not consider any announced generator closures.
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Figure 49  Forecast coal price s for existing generators in New South Wales , Step Change , 2023 to 2054 ($AUD/GJ)
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Figure 50 Forecast c oal price s for existing generators in Queensland & Step Change , 2023 to 2054 ($AUD/GJ)
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3.6.2 Renewable resources

Input vintage July 2023
Source 1 Solcast irradiance and PV output analysis
1 BoM

1 AEMO SCADA data
1 Other relevant reanalysis providers

Updates since Draft Updated to include the 2022-23 reference year, updates to REZ boundaries, change in wind speed reanalysis
IASR provider, and feedback received on the Draft 2023 IASR.

Renewable resource quality and other weather variables are key inputs in the process of producing generation
availability profiles for solar and wind generators. Resource quality data and other weather inputs are updated
annually to include the most recent reference years. This data is obtained from several sources, including:

1 Wind speed (at a relevant hub height) from ERA552 reanalysis data from European Centre for Medium-Range
Weather Forecasts.

i Solar irradiance reanalysis data from Solcast.
1 Temperature and ground-level wind speed observation data from the BoM.
i Historical generation and weather measurements from SCADA data provided by participants.

AEMO uses resource-to-power conversion models to estimate VRE generation as a function of meteorological
inputs, and calibrates this to historical production levels for existing wind farms. Wind generation availability
modelling, for example, uses an empirical machine learning model to estimate generator output as a function of
wind speed and temperature, capturing the impacts of high wind and high temperature events observed in
historical data. Participant information on generator capabilities during summer peak demand temperatures are
overlayed on top of these models. Further detail on how AEMO estimates half-hourly generation availability
profiles for existing, committed and anticipated VRE generators is provided in the ESOO and Reliability Forecast
Methodology?°3.

For new entrant VRE generators, AEMO represents onshore wind resource quality in each REZ in two tranches
representing high and medium quality sites, based on an assessment of all available datapoints that are
considered suitable for wind development. AEMO represents solar resource quality based on an assessment of
solar resource at a selection of existing and proposed solar generation sites within each REZ.

Following stakeholder feedback received during the 2022 ISP, AEMO has implemented methodological
improvements with regards to how representative wind and solar sites in each REZ are selected. The changes
place greater consideration on the suitability of sites for the development of new entrant VRE generators, and
may impact the representation of REZ resource quality if high or low quality sites are considered unsuitable.
Capacity factors representing the resource potential for each REZ and technology using this new methodology
are provided in the 2023 IASR Assumptions Workbook. The methodology was further detailed and consulted on in
the 2024 ISP Methodology.

AEMO also continues to explore potential challenges regarding the operability of a NEM that is predominantly
operated from renewable generators, particularly during long periods of dark and still conditions that would lower

152 At https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5.
153 At https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2022/esoo-and-reliability-forecast-methodology-
document-2022.pdf.
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renewable generation output. AEMO recognises that geographic and technological diversity are key means to

lower the impact of extreme conditions in this regard, however it is possible that weather extremes will still impact

the resilience of a renewable energy system and increase the magnitude of extreme demand conditions as well,
beyond that which is already considered in AEMOG6s forec:
temperature rise over time.

In the 2024 ISP AEMO will explore adaptations to historical weather conditions to increase the frequency of
weather extremes, as a means to simulate potential growth in weather extremes affecting electricity demands
and/or renewable generation.

Wind and solar resource quality for each REZ is shown below in Figure 51 and Figure 52 respectively.
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Figure 51  Wind resource quality map 0 average wind speed (m/s) at hub height
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Figure 52  Solar resource quality map & average annual global horizontal irradiance (GHI) (kWh / m 2 [ year)
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3.7  Financial parameters

3.7.1 Discount rate

Input vintage June 2023

Source Synergies Economic Consulting and OEA

Updates since Draft A confidential survey of empirical cost of capital from across NEM stakeholders were conducted to ascertain
IASR the proposed discount rates. The survey suggests that the proposed central discount rates are appropriate,

but a higher upper bound for discount rate is recommended. A new lower bound discount rate based on the
latest AER revenue determination for a TNSP is also reflected.

The AEROG6s Cost Benefst dnal ybas Ghe deéi § cequead to beappropriate n  t h «
for the analysis of private enterprise investment in the electricity sector across the NEMO , and that it sh
promote competitive neutrality across investment options. For this reason, AEMO uses the same rate as both the

discount rate for costs and benefits (to calculate the net present value) and the weighted average cost of capital

(WACC) for annualising capital costs across all generation and transmission investments.

For the 2022 ISP, AEMO engaged Synergies Economic Consulting to provide discount rate assumptions, which is
a WACC-based estimate reflecting an average investor view about required return on investments in the NEM.
For the Draft 2023 IASR, Synergies Economic Consulting was again engaged to provide updated discount rate
estimates and to reflect economic developments and changes in financial parameter settings since the 2022 ISP.

Following stakeholder feedback on the Draft 2023 IASR, AEMO engaged OEA to survey developers in the NEM
regarding their cost of capital to gather additional input, including evidence on the suitability of Synergies
proposed discount rates. OEA found that there is anecdotal and empirical evidence that suggest that the central
discount rate proposed by Synergies is reasonable and similar to those faced by developers in the NEM. A report
about the survey and the results is detailed in the accompanying report from OEA.

Table 31 below presents the values in this final 2023 IASR to be used in the 2024 ISP, as well as the Draft 2023
IASR and 2022 ISP values for comparison.

Table 31 Pre-tax real discount rates

2022 ISP 2.0% 5.5% 7.5%
Draft 2023 IASR 4.0% 7.0% 9.0%
2023 IASR 3.0% 7.0% 10.5%

AEMO will base the lower bound rate on the most recent AER determination, Final decision: Transgrid transmission
determination 1 July 2023 to 30 June 2028155, which the AER set to be 3.04%. This is consistent with discretionary
guidancei n t h e CBABH&deI:es. The upper bound is inflated from the Draft 2023 IASR from 9% to 10.5%,
matching the insights from the OEA survey results. Given that it is not possible to accurately forecast the level of
return that private investors will target over the long term, the use of sensitivity analysis (as was applied in the 2022
ISP) is an important approach to reduce the risks of under- or over-investment due to this assumption.

154 At https://www.aer.gov.au/system/files/AER%20-%20C0st%20benefit%20analysis%20guidelines%20-%2025%20Augqust%202020.pdf.

155 Attachment 3, Rate of Return, at https://www.aer.gov.au/system/files/AER%20-%20Transqrid%202023-28%20-%20Final%20Decision%20-
%20Attachment%203%20Rate%200f%20return%20-%20April%202023.pdf.
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3.7.2 Value of customer reliability

Input vintage December 2022
Source 1 AER: 2019 Values of Customer Reliability Review
9 AER Values of Customer Reliability i Annual adjustment i December 2022

Updates since the VCR updated to reflect AER December 2022 update.
Draft 2023 IASR

Values of Customer Reliability (VCRSs) are usually expressed in dollars per kilowatt-hour [kWh]) and reflect the
value different customer types place on reliable electricity supply. VCRs are used in cost-benefit analysis to
guantify market benefits arising from changes in involuntary load shedding when comparing investment options.

I n accordance with the AERG6s Cost Benefit Amasl yeoiss Guweicdd
VCRs at the time of publishing the ISP Timetable. The AER releases annual updates to its VCRs based on the

Consumer Price Index for that year, with the most recent adjustment coming in December 2022156, AEMO has

applied these adjustments to the customer load-weighted state VCRs that were published by the AER in

December 2019157 and used for the 2022 ISP; the current VCRs are summarised in Table 32 below.

Table 32  AER Values of distribution and transmission customer load  -weighted VCR by state

VCR ($/MWh) 49,216 48,152 46,774 50,513 37,578

3.8 Climate change factors

The changing climate has an impact on a number of aspects of the power system, including consumer demand
response to changing temperature conditions, and generation and network availability. The impact of reduced
precipitation on dam inflows is described in Section 3.4.5. The following sections describe other impacts
considered in AEMO modelling.

As described in Section 3.6.2, AEMO recognises that a changing climate may also lead to greater potential

challenges in maintaining the operability of a NEM that is predominantly reliant on intermittent generation for its

electricity production, particularly during long periods of dark and still conditions that would lower renewable

generation output. AEMO recognises that geographic and technological diversity are key means to lower the

impact of extreme conditions in this regard, however it is possible that weather extremes will still impact the

resilience of a renewable energy system and increase the magnitude of extreme demand conditions as well,
beyond that whichi s al ready considered in AEMOG6s forecasting app
temperature rise over time (as described in the following section).

In the 2024 ISP AEMO will explore adaptations to historical weather conditions to increase the frequency of
weather extremes, as a means to simulate potential growth in weather extremes affecting electricity demands
and/or renewable generation.

156 At https://www.aer.gov.au/networks-pipelines/quidelines-schemes-models-reviews/values-of-customer-reliability/update-0.

157 See Table 5.22 at https://www.aer.qov.au/system/files/AER%20-%20Values%200f%20Customer%20Reliability%20Review%20-
%20Final%20Report%20-%20December%202019.pdf.
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3.8.1 Temperature change impacts

Input vintage January 2019 (CMIP5)
Source BoM, CSIRO, ESCI (see ClimatechangeinAustralia.gov.au)
Updates since Draft IASR No update since the 2021 IASR

AEMO incorporates climate change temperature change factors in its demand forecasts and transmission line

thermal ratings in forecasting models where constraints are applied. For demand, AEMO adjusts historical

weather outcomes to apply in future years based on the outcomes projected by forecast climate models. Climate

data is collected from ESCI data published on taf®eForCSI RO
more information on this, see Appendix A.2.3 of the Electricity Demand Forecasting Methodology!®°.

For transmission line ratings, AEMO applies the most relevant temperature rating available for the equipment for
the projected weather outcome. At present, AEMO applies seasonal ratings for most regions, as published in the
transmission equipment ratings'6°, except for Victoria where forecast dynamic line ratings are available for some
transmission lines for application in the reliability forecasting models.

Climate Change in Australia and ESCI data projects gridded daily minimum and maximum temperatures for each

global climate model (GCM) for each of the RCP pathways (outlined in Section 3.2). Data is selected for the

closest available RCP to the scenario specification. Climate science considers that warming over the next 20

years or so is largely locked in from historical emissions and therefore adjustments do not vary substantially

between scenarios to 2060. Wher e t he physical i mpacts associated with
narrative are not available, results are scaled between available RCPs (often just 4.5 and 8.5) to reflect the likely
outcome.

Figure 53 shows the change to summer maximum temperature anomaly ranges expected for Southern Australia
under two atmospheric greenhouse gas concentrations relevant to the scenario definitions. The figure uses the
lighter shaded lines to demonstrate uncertainty between climate models as represented by the 90" and 10t
percentiles, however, shows a high level of agreement in the median (solid line) towards increasing temperatures
in AEMO modelling timeframes for the emissions scenarios included.

158 At https://www.climatechangeinaustralia.gov.au/en/climate-projections/explore-data/data-download/station-data-download/.

159 At https://www.aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2020/electricity-demand-forecasting-
methodology/final-stage/electricity-demand-forecasting-methodology. pdf.

160 See https://www.aemo.com.au/energy-systems/electricity/national-electricity-market-nem/data-nem/network-data/transmission-equipment-
ratings.
161 Data sourced from www.climatechangeinaustralia.com.au.
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Figure 53  Southern Australia summer maximum temperature anomaly
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3.9 Renewable energy zones (REZS)

REZs are areas where clusters of large-scale renewable energy can be developed using economies of scale.
REZs may include onshore and offshore areas and will be subject to jurisdictional land and environmental
planning approval processes. With the relevant government support, AEMO could trigger REZ Design Reports to
require the local TNSP to explore and report on any technical, economic or social issues that will need to be
addressed for the REZ to be a valuable, sustainable and welcome development. However, most states are
currently exploring state-based development schemes in preference to REZ design reports. AEMO will coordinate
with jurisdictions as REZ plans develop, to ensure planning alignment.

An efficiently located REZ can be identified by considering a range of factors, primarily:

1 The quality of its renewable resources, diversity relative to other renewable resources, and correlation with
demand.

i1 The cost of developing or augmenting transmission connections to transport the renewable generation
produced in the REZ to consumers.

9 Its proximity to load, and the network losses incurred to transport generated electricity to load centres.

i1 The critical physical must-have requirements to enable the connection of new resources (particularly
inverter-based equipment) and ensure continued power system security.

REZ candidates were initially developed in consultation with stakeholders for the 2018 ISP and used as inputs to
the ISP model. To connect renewable projects beyond the current transmission capacity, additional transmission
infrastructure will be required (for example, increasing thermal capacity, system strength, and developing robust
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control schemes). Since the 2018 ISP, the REZ candidates have been continuously refined through the 2020 ISP
and the 2022 ISP consultation process. AEMO now makes another evolution to the candidate REZs.

This section describes the parameters around REZs that will be used as inputs for the 2024 ISP. These
parameters are:

1 Geographic boundaries 1 Section 3.9.1.
1 Resource limits i Section 3.9.3.

{1 Transmission limits i Section 3.9.4.

1

REZ augmentations and network costs i Section 3.9.5.

3.9.1 REZ geographic boundaries

Input vintage July 2023

Source AEMO i based on 2018 DNV-GL report, ISP workshops, consultation with TNSPs and jurisdictions, and
written feedback to the 2018 ISP, 2020 and 2022 ISP

Updates since Draft IASR  Updated in response to the New South Wales and Federal Government declaration. The following revisions
have been made:

9 Offshore REZ boundary changes for Gippsland Coast and Hunter Coast
9 Additional REZ in New South Wales called lllawarra

REZ candidates are geographic areas that indicate where new renewable energy generation might be developed
using economies of scale. These were initially developed through consultation to the 2018 ISP and subsequently
updated through 2020 and 2022 ISP consultation.

Geographic Information Systems (GIS) data

GIS data defining the candidate REZ boundaries is available on the 2023 IASR consultation page62 .\When
accessing this data, please note:

1 Only candidate REZ boundaries have been provided, not any GPS data for assets owned by third parties (for
example, generation and network data).

1 The GIS data for candidate REZs is approximate in nature. The polygons were derived by replicating the
candidate REZ illustration (see Figure 54).

i1 As the REZ polygons are approximate in nature, they should not be used to determine whether a project is
within or outside of a candidate REZ.

In some cases, jurisdictional REZ plans are still under development and boundaries may not have been identified.
Where updated REZ boundaries are available, AEMO will update its GIS data accordingly.

Candidate REZ identification

Ten development criteria were used to identify candidate REZs?'63;

1 Wind resource 1 a measure of high wind speeds (above 6 m/s).

162 See https://aemo.com.au/consultations/current-and-closed-consultations/2023-inputs-assumptions-and-scenarios-consultation.
163 See https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/ISP/2018/Multi-Criteria-Scoring-for-ldentification-
of-REZs.pdf.
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Solar resource 1 a measure of high solar irradiation (above 1,600 kW/m?2).

Demand matching 1 the degree to which the local resources correlate with demand.
Electrical network 1 the distance to the nearest transmission line.

Cadastral parcel density i an estimate of the average property size.

Land cover i a measure of the vegetation, waterbodies, and urbanisation of areas.
Roads i the distance to the nearest road.

Terrain complexity 1 a measure of terrain slope.

Population density 1 the population within the area.

A =/ =2 =4 A A 4 -4 -

Protected areas 1 exclusion areas where development is restricted.

Using the resource quality and development criteria with feedback received throughout the 2018, 2020 and 2022
ISP consultation, AEMO has 44 candidate REZs for inclusion in the 2024 ISP 1 three more than in the 2022 ISP.

Changes since the 2022 ISP

Based on AEMO analysis and recent feedback from existing and intending TNSPs and state and federal
governments, the following changes to the 2022 ISP REZs have been made:

1 A new candidate offshore REZ in the vicinity of North East Tasmania T North East Tasmania Coast REZ i has
been added to assess the potential benefits of this new zone.

1 A new candidate REZ i Hunter-Central Coast REZ i has been added to assess the benefits of this new zone.
The REZ boundaries are aligned with the indicative geographical area defined in Schedule 1 of the draft
Hunter-Central Coast REZ declaration84,

1 AEMO has aligned the boundaries for the Gippsland Coast REZ to the area published in the Commonwealth
Notice of proposal®® to declare an area i Bass Strait off Gippsland.

1 AEMO has aligned the boundaries for the Portland offshore REZ to the area published in the Commonwealth-
Offshore renewable energy infrastructure area proposal®®l.

1 A new candidate REZ has been added 7 the lllawarra REZ was formally declared by the Minister for Energy in
New South Wales on 27 February 2023167, The REZ boundaries are aligned with the indicative geographical
area defined in New South Wales Department of Planning, Industry and Environment publication68.

AEMO acknowledges that the Queensland Government has recently released a draft REZ roadmap which
identifies potential areas where REZ transmission will connect to the existing shared transmission network. AEMO
will continue to engage with the Queensland Government as its REZ roadmap is developed.

164 At https://www.energyco.nsw.gov.au/sites/default/files/2022-09/hcc-rez-draft-order-declaration.pdf.

185 Department of Climate Change, Energy, the Environment and Water, Notice of proposal to declare an area i Bass Strait off Gippsland, at
https://www.dcceew.gov.au/sites/default/files/documents/Notice%200f%20Proposal%20to%20Declare%20-%20Gippsland.pdf.

166 Department of Climate Change, Energy, the Environment and Water- Offshore renewable energy infrastructure area proposal: Southern
Ocean Region off Victoria and South Australia, https://consult.dcceew.gov.au/oei-southern-ocean

167 EnergyCo, lllawarra Renewable Energy Zone, at https://www.energyco.nsw.gov.au/ilw-rez.

168 |llawarra Renewable Energy Zone geographic area at https://www.energyco.nsw.gov.au/sites/default/files/2023-01/ilw-rez-methodology-
geographic-area.pdf.
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Modelling renewable energy without REZs

When determining the economic benefits of a development path, AEMO must compare system costs against a
counter-factual where no transmission is built. In this counter-factual, transmission that expands the capacity of
REZs will generally not be allowed.

To conduct this analysis, it will become necessary to model renewable generation connecting to areas with

existing network hosting capacity, but which may also have lower quality resources. For this reason, resource

limits, resource quality, and network capacity are also determined for areas of the network that have existing

hosting capacity, or where generation retirement is expected to result in additional network capacity. These areas

are knownRE&s di.nolhhese | ower quality resource areas are |
counterfactual studies. Thi s ensures the | SP6s capacity outiofbok model
between development of high-quality renewable resources in REZs, with associated network build, compared to

developing lower quality resources in areas with spare hosting capacity.

The following changes are made for non-REZs since the 2022 ISP:

1 Reduced the area of the non-REZs to align with the location of 500 kV transmission line infrastructure, and
excluded the area which has now been included in the new Hunter-Central Coast REZ. The assumed capacity
factors for resources in the non-REZs have also been adjusted, to reflect the adjusted land area boundaries.

1 Updated the connection cost for wind and solar in non-REZ areas to include assets to connect the new
generation through a switching station, as well as additional line length for the connection. This change better
reflects the differing infrastructure that can be assumed to be available between REZs and non-REZs. Section
3.9.5 provides information about updates to transmission and generator connection costs.

1 Anincrease to the land use penalty factor for non-REZ areas to reflect the high density of land use in the non-
REZ areas and consequent assumed difficulty in acquiring the necessary land access and planning approvals
for new generation.

3.9.2 Candidate REZ geographic boundaries

Figure 54 shows the geographic locations of REZ candidates. The location of generation symbols is illustrative
only i these symbols do not reflect the location of actual projects or the location where projects should be
developed.
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Figure 54 Renewable energy zone map
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