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Executive summary

Executive summary

A E MO IRtegrated System Plan (ISP) is a roadmap for the transition of the National Electricity Market (NEM)

power system, with a clear plan for essential infrastructure that will meet future energy needs. Thel SP®s opt i ma
development path (ODP) sets out the needed generation, storage and network investments to transition to net

zero by 2050 through current policy settings and deliver significant net market benefits for consumers.

This appendix presents the ISP development opportunities for electricity generation and storages in the optimal
development path (ODP) for three scenarios 2 Step Change, Progressive Change and Green Energy Exports.

These scenarios reflect different levels of economic and technical change over the coming decades, investments

in consumer energy resources (CER), and pace of decarbonisation from other sectors affecting the NEM through
electrification. All scenarios incorporate the effects of various federal and state public policies relevant to the

energy transition as outlined in the 2023 Inputs, Assumptions and Scenarios Report (IASR) that meetthe National

Electricity Rules (NER) requirements andthe Aust r al i an Ener gy MBEMO®eemissOmshargets si on ¢
statement! that reflects the updated national energy objectives.

This appendix also presents the impact of sensitivities to key assumptions on generation and storage development
opportunities.

ISPdevelopment opportunities in generation and storage across scenarios

With coal retiring, renewable energy connected with transmission, firmed by storage and backedup by
gas-powered generationisthe leastc o st way t o supply electricity to homes
transition to a net zero economy. In the N E M ®ansition to 2030:

i Coal capacity is forecast to at least halve, from 21 gigawatts (GW) currently to approximately 11 GW of
capacity for Step Change and Progressive Change, and to 6 GW in Green Energy Exports. These reductions
are driven by emissions reduction policies and various renewable energy (VRE)targets.

1 Renewable energy generation from wind and solar technologies is forecast to grow throughout the outlook
period, complementing the assumed development of CER NEM-wide utility-scale VREdevelopments reach
47 GW, 55 GW, and 99 GW in Progressive Change, Step Change, and Green Energy Exports, respectively.
This scale of development is driven by VREtargets as well as the need to supply bulk energy to replace retiring
coal generation, and to meet forecast load growth.

i To firm the variable renewable generation, 14-20 GW of new dispatchable resources are forecast to be
needed, while continued availability of 11 GW of existing gas-powered generation (GPG) provides important
backup to these renewable and storage resources.

The pace of the transition varies across scenarios, and by 2049-50:
i All, or nearly all, coal-fired capacity is forecast to retire.

1 Almost 100% of the electricity consumed will be supplied by renewable energy forms, but flexible gas will be
needed to back up renewable generation and storage technologies by operating when renewable resources

1 AEMC, Emissions Target Statement under the National Energy Laws, September 2023, at https://www.aemc.gov.au/sites/default/files/2023-
09/AEMC%20Emissions%20targets%20statement%20%20final%20guide%20September%202023. pdf.
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Executive summary

are low, more likely in winter periodsas s ol ar resources r edByx2050wl GWofrtelme - st

GPG is forecast to be needed to provide this backup role, which will be critical to maintain reliability during
dark and still weather conditions.

1 Significant dispatchable storages at various storage depths will be needed to firm the renewable generation
mix and the level of consumer battery sources assumed. Up to 50 GW/646 gigawatt hours (GWh) in Step
Change, 23 GW/566 GWh in Progressive Change, and 74 GW/846 GWh in Green Energy Exports of
utility-scale storage and coordinated CER storage capacity will help firm renewables and respond to dispatch
signals.

Figure 1 shows the generation and storage development projected in the three scenarios for the ODP.

Figure 1 Historical and forecast g eneration and storage capacity across the three core scenarios , 2009-10 to
2049-50 (GW)
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Executive summary

Changes implemented since the Draft 2024 ISP

Since the Draft 2024 ISP was published and consulted on,several projectsh ave reached -committe
- ant i cdompnatinentdstatus based on the February 2024 Generation Information update. Additional
developments are also forecast in response to the expanded Capacity Investment Scheme (CIS).

Relative to the Draft 2024 ISP, AEMO has included greater consideration of the capacity of gas infrastructure to
provide fuel reliably for flexible gas generators, resulting in a minor relative reduction in flexible gas capacity
development, with more VRE development complemented by energy storage developed towards the end of the
outlook period.

Other changes reflected in this 2024 ISP are consideration of uncertainty of weather patterns, detailed analysis of
GPG production in the short term, updated transmission -related assumptions, and improvements to demand
modelling.

Sensitivity confirms the level of generation and storage  developments needed to support the
transition

AEMO®s model |l ing demonstrates that the ODP provides app!
uncertainties, using a scenario planning approach and assessment of individual uncertainties through sensitivity

analysis. The additional sensitivities moddled in the 2024 ISP explore a range of risks and uncertainties beyond

those included in the Draft 2024 ISP, including:

1 Alternative assumptions around levels of coordination of consumer energy resources, growth in potential
additional industrial load, and electric vehicle (EV) uptake.

i Alternative assumptions around electricity supply availability and the potential challenges of delivery.
1 Impact of having lower hydrogen production flexibility.

As shown in Figure 2, the scale of wind and utility-scale solar development is resilient to alternative assumptions
assessed in the sensitivity analysis though the degree of developments varies across sensitivities.

The change in assumptions in some sensitivity analyses have greater impact on the medium-term generation and
storage outlook, such as the Constrained Supply Chains sensitivity where delay in transmission and cost increases
reduce the projection for the early part of the outlook period. The Additional Load sensitivity, which captures
emerging industrial load in South Australia and New South Wales, reflects the highest impact on the generation
and storage outlook by 2049-50, while lower EV market penetration is projected to lead to lower developments
compared to Step Change.

© AEMO 2024 | Append ix 2. Generation and Storage Development Opportunities 10



Executive summary

Figure 2 Generation and storage capacities by 2029 -30in Step Change and sensitivities to Step Change
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Sensitivity analyses performed in the Draft 2024 ISP are not revisited in this Appendix, as the results are largely
expected to remain similar to those in the Draft 2024 ISP. Instead, the 2024 ISP applies new sensitivity analyses
on uncertainties that were identified from stakeholder feedback to the Draft 2024 ISP.

AEMO®s 2024 | SP includes numerous appendices to provide
transmission opportunities and benefits. In particular, Appendix 6 contains the cost-benefit analysis (CBA)
implemented on these scenarios and sensitivities.

© AEMO 2024 | Append ix 2. Generation and Storage Development Opportunities 11



Introduction

A2.1 Introduction

Sections 4, 5 and 6 of the 2024 ISP set out the ISP development opportunities for electricity generation and
storages to enable the NEM® engoing transformation to support a net-zero emissions economy by 2050.

This appendix supplements the 2024 ISP with additional detail on these development opportunities, in particular:
1 A2.2 details the impacts of changes since the Draft 2024 ISP.
1 A2. summarises the generation and storage development needs across the three ISP scenarios.

1 A2.4 provides more detailed examination of generation and storage development for each scenario and
illustrates the impact of transmission augmentations on those developments.

1 A2.5 details the impact of the various sensitivities to key assumptions to those development opportunities.
1 A2. summarises the sensitivity analyses implemented in the Draft 2024 ISP.

This appendix presents a NEM-wide view, and regional breakdowns where appropriate, of these developments.
The ISP examines several alternative candidate development paths (CDP$ in determining the optimal
development path (ODP). The outcomes presented in this appendix are based on CDP14 , being the
ODP. See Appendix 6 for further details on the justification of this CDP as the ODP.

This appendix is also complemented by the Generation and Storage Outlook Workbooks?, which provide details of
the capacity developments, energy generated, and retirement outlook for all relevant NEM regions. The
workbooks also present emissions outcomes and comparisons of costs between alternative CDPs.

2 At https://aemo.com.au/consultations/current-and-closed-consultations/draft-2024-isp-consultation.
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Introduction

Key changes from the Draft 2024 ISP

AEMO has incorporated several changes since publication of the Draft 2024 ISP in response to stakeholder
feedback, legislative changes, and recent market developments, including:

91 Inclusion of emissions reduction as a class of market benefits by including a Value of Emissions
Reduction (VER)

1 Considerations of gas infrastructure capacity limitations, and revision to short-term gas generation
forecasts to align with the 2024 Gas Statement of Oportunities (GSOO).

i Consideration of uncertainty pertaining to weather patterns.

1 Inclusion of the latest committed and anticipated projects as per the February 2024 Generation
Information release.

i Inclusion of the expanded Capacity Investment Scheme (CIS) targets.

1 Changes to earliest in-service dates (EISD) and cosfs of several transmission projects, including
consideration of some additional (smaller) transmission projects.

1 Change in the subregional allocation of demand in New South Walesto improve the distribution of
electricity consumption across the sub-regions observed historically, on average.

1 Changes in hydrogen production assumptions, with load for green steel production carved out form
ot her region®s | oads and modelled in Sydney, New
projects.

1 Changes to the modelling of coordinated CER to improve the accounting of round-trip efficiency losses.

These changes have necessitated re-analysis of the scenarios and introduced additional potential
actionable transmission augmentations since the Draft 2024 ISP for consideration.

A2.1.1 Interpreting the graphics in this appendix

This appendix presents a number of charts comparing the projected capacity and generation over the outlook
period of two different CDPs, or of a sensitivity and a CDP, as shown in the example figure below.

When interpreting the sample chart in Figure 3:
i1 The stacked columns show the projected values for different technologies on an annual basis.

i1 A positive value indicates the higher total capacity in the first development path, DP(A), relative to DP(B) 2
which in some cases, is the counterfactual DP or the impact of a sensitivity. A negative value indicates higher
capacity in DP(B). For example, the yellow bar indicates there is higher capacity of wind in DP(A) relative to
DP(B).

i1 The line represents the projected total dispatchable capacity.

1 The market modelling performed covers an outlook period until 2051-52 but for the purpose of the reporting in
this appendix, outcomes until 2049-50 only are presented.

© AEMO 2024 | Append ix 2. Generation and Storage Development Opportunities 13
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T -Distributed PVapeddsefens iothe abmbinationtohroo&op PV and other distributed solar
generation.

Figure 3 Example interpretation of forecast capacity differences used in this appendix
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Impacts of the changes since the Draft 2024 ISP

A2.2 Impacts of the ¢ hanges since the Draft 2024 ISP

AEMO has incorporated several changes since the publication of the Draft 2024 ISP in response to stakeholder
feedback, legislative changes, and market developments. This section presents a discussion of each of these
major changes, with a focus on those that are relevant to the generation and storage development opportunities.

Inclusion of emission sreduction benefits

Emissions reduction benefits are considered as an additional class of benefitscalculated using the interim

methodology for calculating the Value of Emissions Reduction (VER)agreed by Energy Ministers in February

20243, and in accordance withthe Aust r al i an En eABR@BAayidelinast amd ti& 4SP (

Methodology®. This treatment is consistentwth AEMO®s obl i gation to have regard t
element in the National Electricity Objective (NEO)® and new NER requirements’, and is consistent with the

guidance provided by the AER®.

Among the changes since the Draft 2024 ISP, the inclusion of the VER as a class o market benefits has the largest
impact to the weighted net market benefits of various alternative development paths. However, because its
inclusion does not impact the operation or development selections of the ISP, the generation and storage
developments are not impacted by its inclusion.

Consideration of existing gas infrastructureds cap

The 2024 ISP re-confirms that there is a key need for flexible GPG to back up energy storage as a critical provider
of dispatchable capacity and energy in periods of peak demand and during periods of low renewable energy
output. However, GPG needs adequate fuel supply to provide a resilient and reliable strategic reserve under all
conditions, especially during winter when heating demand is high and gas networks have the tightest balance of
supply and demand before GPG requirements.

Stakeholder feedback on the Draft 2024 ISP raised concerns around the implications of the volume of gas
required for GPG on the gas system. In response to this feedback, AEMO has applied additional constraints on
GPG development and operation requirements to reflect limitations of the gas system to supply fuel attimes
considering daily gas production limits to reflect the historical availability of gas for electricity generation purposes.
This constraint has been applied to gas generators in the southern regions (New South Wales, Victoria, South
Australia, and Tasmania) Queensland gas generators were assumed to have greater access to domestic gas

3 At https://www.aemc.gov.au/sites/default/files/2024-03/Attachment%204%20VER%20MCE%20Statement%20for%20Commission%20
200324.pdf.
4 At https://www.aer.gov.au/system/files/AER%20%20Cost%20benefit%20analysis%20quideline$620-%2025%20August%202020.pdf.

5 At https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-
methodology _june-2023.pdf?la=en.

6 See https://www.energy.gov.au/energy-and-climate-change-ministerial-council/working -groups/energy -governance-working-
group/incorporating-emissions-reduction-objective-national-energy-objectives.

"See the AEMC®s rule change to har moni se tahhdpshai.aecag.av/mle-er gy rul es wi
changes/harmonising-national-energy-rules-updated-national-energy-objectives-electricity .

8 See AER guidance on valuing emissions reduction at https://www.aer.gov.au/industry/registers/resources/guidelines/valuing-emissions-
reduction-final-guidance-may-2024.
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https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-methodology_june-2023.pdf?la=en
https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-methodology_june-2023.pdf?la=en
https://www.energy.gov.au/energy-and-climate-change-ministerial-council/working-groups/energy-governance-working-group/incorporating-emissions-reduction-objective-national-energy-objectives
https://www.energy.gov.au/energy-and-climate-change-ministerial-council/working-groups/energy-governance-working-group/incorporating-emissions-reduction-objective-national-energy-objectives
https://www.aemc.gov.au/rule-changes/harmonising-national-energy-rules-updated-national-energy-objectives-electricity
https://www.aemc.gov.au/rule-changes/harmonising-national-energy-rules-updated-national-energy-objectives-electricity
https://www.aer.gov.au/industry/registers/resources/guidelines/valuing-emissions-reduction-final-guidance-may-2024
https://www.aer.gov.au/industry/registers/resources/guidelines/valuing-emissions-reduction-final-guidance-may-2024

Impacts of the changes since the Draft 2024 ISP

supply. To further firm the operation of GPG, on-site liquid fuel storages were included for new GPG developments
to ensure even greater fuel supply security.

This approach included:

1 Maximum daily delivery limits from the 2024 GSOQ? in Progressive Change and Step Change. These limits
represent an estimate of gas capacity for GPG connected to southern regions ofthe East CoastGas System.
The limits vary by scenario to reflect alternate assumptions regarding domestic gas supply for heating, cooking
and commercial purposes. These limits have not been applied to Green Energy Exports, because this scenario
includes a strong level of electrification, green hydrogen availability and biomethane to support
decarbonisation efforts. As such, it is internally inconsistent with the scenario settings.

1 If gas supply is limited (as represented by the above constraint), secondary fuels (back-up diesel fuel for
example) were assumed to be available at the diesel fuel cost outlined in the 2023 IASR. This secondary fuel is
available for all new entrant GPG, and is incurred when total gas generation isabove the daily limits described
above. This represents the ability of GPG to switch to alternative liquid fuels when gas is not readily available.

i1 On-site liquid fuel storages with sufficient capacity for 14 hours of continuous operation on diesel fuel were
considered as additional capital cost to new entrant flexible gas.

Figure 4 Forecast daily gas offtake and overall daily gas limits for southern regions (New South Wales, Victoria,
South Australia and Tasmania) for the ODP and counterfactual DP in  Step Change , 2044-45 (TJ/day)
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Figure 4 shows the daily gas offtake and relevant offtake limits for electricity generation in 2044-45 in the ODP in
Step Change. GPG fuel requirements exceed the daily gas limits on several occasions, with secondary fuels being
required to be used on these days to meet system needs.

9 At https://aemo.com.au/-/media/files/gas/national_planning_and_forecasting/gsoo/2024/aeme2024-gas-statement-of-opportunities -gsoo-
report.pdf?la=en.
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Impacts of the changes since the Draft 2024 ISP

For Step Change and Progressive Change® sounterfactual DPs, a higher daily gas delivery limit was considered.
This higher offtake limit was applied because AEMO considered it reasonable for the counterfactual DP 2 which
does not invest in transmission infrastructure 2 to instead invest in gas infrastructure. The increased gas limit may
be met through various gas system developments, including development of southern uncertain gas reserves and
resources, import terminal development in southern regions, and additional pipeline and storage infrastructure.
AEMO deems this reasonable to assumegiven the greater reliance on GPG if no major transmission
augmentations occur.

Consideration of these gas infrastructure limits result in greater wind and utility-scale solar developments across
NEM regions throughout the outlook period (see Section A4.8 for more detailed analysis on impacts of the gas
adequacy on system operability). Despite gas infrastructure limitations, development of flexible gas capacities to
provide back-up supply to renewable energy is still considered effective and efficient in this 2024 ISP.

Consideration of uncertainty pertaining to weather pattern

Stakeholders raised concerns that development of the flexible gas capacities are strongly influenced by AE MO® s
-rolling reference yweathe®pateem pncertaintyrasstneed is thenbuaft 2024dSP. The

rolling reference year approach ensures that many weather patterns are considered across the forecast horizon,

but may introduce model foresight of challenging weather conditions. In particular, a low-VRE output year, which
was forecast to occur in 2044-45, drove a need for 5 GW of new flexible gas capacity to be developed ahead of
2044-45 (see Section A4.5 in Appendix 4 for a detailed analysis on NEM resilience to severe droughts).

In considering that feedback, AEMO performed sensitivity analysis with a repeating weather pattern that
represented poor renewable generation availability throughout the capacity outlook period. In this sensitivity,
higher levels of flexible gas generation may be required as early asthe 2030s (see Section A2.5.7). This suggests
that the choice of weather pattern sequence in the Draft 2024 ISP may have underestimated the need for
additional dispatchable capacity across the horizon to maintain reliability of the system, earlier than forecast in the
Draft 2024 ISP.

Recognising that the timing of poor weather conditions is unpredictable, AEMO implemented a new constraint to
ensure more gradual development of dispatchable capacity earlier than the mid 2040s than was observed in the
Draft 2024 ISP. This capacity, developed as flexible gas despite the application of additional gas constraints
described above, ensures greater resilience to weather pattern uncertainty by developing more strategic reserve
across the forecast horizon.

Figure 5 shows the annual flexible gas builds to 2049-50 in Step Change in the Draft 2024 ISP and the 2024 ISP.
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Impacts of the changes since the Draft 2024 ISP

Figure 5 Annual flexible gas build  to 2049-50 in Step Change in the Draft 2024 ISP and 2024 ISP (GW)
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Reflecting detailed analysis of gas generation in the short to medium term

Feedback on the Draft 2024 ISP pointed out that there is underestimation of the volume of gas generation to
2029-30 and that the forecast is not reflective of historical GPG operation in the NEM. In response, AEMO has
aligned the short-term operating level of GPG with time-sequential modelling (matching the 2024 GSOOQ), resulting
in a GPG forecastmore aligned with historical values and expected forecast drivers; see Figure 6.

Figure 6 Annual gas generation, Draft 2024 ISP and 2024 ISP (terawatt hours ( TWhH)
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Impacts of the changes since the Draft 2024 ISP

Reflecting latest committed and anticipated projects as per the February 2024 Generation
Information update

The 2024 ISPreflects gener ator and storage projects® c Generatibnrment s
Information update (see Figure 7 below). This includes around 3.7 GW of newly anticipated large-scale storage
capacity, as well as 490 megawatts (MW) of solar and wind since the Draft 2024 ISP. This update also includes

changes in capacity and - f epinrhercial use dates@FCUD) for generators and storages already included in the
Draft 2024 ISP.

This anticipated and committed capacity has resulted in the earlier development of utility-scale storage capacity,
leading to other minor variations in overall capacity developments.

Figure 7 Changes in the generator and  storage projects status, Draft 2024 ISP vs 2024 ISP
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Inclusion of the exp anded renewable energy and emissions target s

1 The recently announced expanded CIS, which targets 23 GW of renewable energy and 9 GW of clean
dispatchable capacity across Australia by 2030, is reflected in this 2024 ISP. Additionally, an amended renewable
energy build to 2029-30 has been adopted to align with expectations for the execution of the CIS and state

renewable energy targets. This change in the short-term uptake of VRE also recognises stakeholder feedback on
short-term development challenges.

| This adjusted trajectory to meet the expanded CIS contributes to slower development to 2027-28 and

faster development in 2028-29 and 2029-30 to meet the requirements of the 82% target by 2030 in Progressive
Change and Step Change?°.

1 The average VRE buildas a resultis forecast at 4.7 GW per year, 6.0 GW per year, and 13.4 GW per year
for Progressive Change, Step Change, and Green Energy Exports, respectively.

19 No change has been applied to Green Energy Exports, given the rapid pace of change required over the short to medium term.
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Impacts of the changes since the Draft 2024 ISP

Figure 8 Annual VRE and clean dispatchable builds ~ , 2024 ISP compared to the Draft 2024 | SP(GW)
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Updates to the allocation of demand across New South Wales subregions

1 Following the publication of the Draft 2024 ISP, AEMO has improved the distribution of electricity
consumption across the NEM, particularly in New South Wales. The ISP model ircludes several sub-regions within
New South Wales, and the updated allocations improve the sub-regional demand proportions relative to
historically observed load distributions. The sub-regional demand proportions in New South Wales have been
updated to represent proportions consistent with average load conditions?!! in the region (see Figure 9), resulting
in greater load being represented in Southern New South Wales than was modelled in the Draft 2024 ISP.

| The revised regional demand distribution in New South Wales results in a shift 0.6 GW of utility-scale
storage builds from the Sydney, Newcastle, and Wollongong subregion to Central New South Wales and Central
South Australia subregions. This revision also resulted in lower flexible gas builds by 0.4 GW from 2030-31 to
2032-33.

1 The Update to the 2023 Electricity Statement of Opportunities (ESOO), published in May 2024, discusses a similar adjustment made to
sub-regional demand proportions in New South Wales. The adjustments applied in the ESOO focus on periods of maximum demand, as
reliability risks are usually exclusively during peak demand periods. As such the load distributions in this ISP differ from those presented in
the ESOO, with the ISP focusing onoverall investment needs.
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Impacts of the changes since the Draft 2024 ISP

Figure 9 Demand proportions applied inthe 2024 ISPcompared to the Draft ISP (%)
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Changes to the modelling of  coordinated CER to improve the accounting of losses

Since publishing the Draft 2024 ISP, AEMO identified that the round-trip efficiency of coordinated CER battery
systems was applied twice, resulting in a double-counting of storage losses for these devices. AEMO has
corrected this error in the 2024 ISP. Additionally, coordinated CER storagesnow are operated to a maximum of
one full cycle per day to reflect more realistic operating behaviours.

This adjustment reduces the energy consumed by batteries, therefore less VRE isrequired in the 2024 ISP to
meet consumer load, all else being equal.

Aligning hydrogen load forecast with proposed projects in Green Energy Exports

1 For the 2024 ISP, AEMO has madethe following minor improvements to assumptions for modelling
hydrogen production:

1 Adjustments to Mid-North and North South Australia network constraints to reflect the location of Whyalla
electrolyser load includingthe So ut h A ulydrogen Joba Rlan®levelopments. These adjustments were
applied to all scenarios, but they do not result in material change in capacity developments in Step Change and
Progressive Change, due to lower hydrogen demand.

1 Inthe Green Energy Exports scenario, greater hydrogen production and additional green steel load were
allocated in the Sydney, Newcastle, and Wollongong sub-region in response to stakeholder feedback. This
included additional electrical load for green steel furnaces from 2031-32 and additional hydrogen load for
green steel production from 2039-40.

1 These improvements have resulted in changes to the regional allocation of export hydrogen and green
steel loads in the Green Energy Exports scenario compared to the Draft 2024 ISP, with reduced export hydrogen
allocations in South Australia, Tasmania and Northern Queensland, and reduced green steel loads in Queensland,
South Australia, and Tasmania.
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Impacts of the changes since the Draft 2024 ISP

Changes to transmission project assumptions

Updates to several transmission assumptions have been applied in the 2024 ISP, including changes to EISD and
costs of transmission projects. As a result, the optimal generation and storage developments for all CDPs have
slightly changed.

Net impact of changes since the Draft 2024 ISP

The impacts of these changes since the Draft 2024 ISP vary by scenario. Figure 10 shows the net impact on
generation and storage development opportunities in the ODP in Step Change. As the figure shows, less wind is
now developed to 2030, while the additional committed and anticipated storage projects reported in the February
2024 Generation Information update increase available storage and lead to some changes in utility-scale solar
developments over the medium and long term.

Additional utility-scale storage capacity above what was projected in the Draft 2024 ISP are also a product of the
clean dispatchable capacity target of the expanded CIS. The earlier and gradual development of flexible gas in the
2030s to 2040s is a result of the consideration of weather uncertainty and the need to increase resilience to
potential poor weather conditions.

Figure 10  Overall impact of input changes and model improvements on f orecast capacity developments to
2049-50 in Step Change , 2024 ISP assumptions compared to Draft 2024 ISPassumptions (GW)
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Section A2.4 presents the impact of updated assumptions on capacity developments for individual scenarios.
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A rapidly evolving NEM will transform energy supply

A2.3 A rapidly evolving NEM will  transform energy supply

Similar to the 2022 ISP, the 2024 ISP forecasts that the supply of electricity in the NEM will transition from a
generation mix dominated by coal-fired generation to a supply with very high renewable energy penetration
supported by energy storages, transmission developments, hydro power, GPG, and CER. As this transition
supports a net zero emissions economy, NEM developments will need to replace, and add to, the existing
generation fleet to meet growing demand and the additional load associated with electrification of other
high-emitting sectors.

The NEM is projected to be composed of technologically and geographically diverse generation and storage
resources, connected by transmission developments (outlined in Appendix 5), including:

1 Renewable energy 2 including VRE generators (predominantly solar and wind farms) to provide much of the
required electricity generation in a low -emissions NEM.

1 Energy storages 2 to manage intermittency and periods of high and low renewable energy generation, and to
support the power system. Deeper storages will also be needed to provide energy shifting capabilities,
particularly to support higher consumption during winter months (see Appendix 4).

1 GPG?2 to firm renewable energy and provide flexible operation, particularly during periods of low VRE output.

1 CER including distributed PV, battery systems and EVs. These will connect to the distribution system, and if
appropriately coordinated (for battery and vehicle devices) then the scale of utility-scale storage development
opportunities will likely be impacted.

A2.3.1 The development of the NEM s influenced by policy targets
Several of the policies included in the 2024 ISP target specific aspects of NEM development, including:

i1 Powering Australia Plan2 the 82% renewable energy target by 2030. The 82% target will be influenced by the
level of forecast electricity consumption.

1 The expanded CIS 2 this targets development of 32 GW of new clean dispatchable and renewable capacity
nationally, including 23 GW of renewable energy and 9 GW of clean dispatchable capacity. This target has
been scaled down in the ISP based on an estimated 80% NEM share.

1 Emissions budgets and targets in NEM jurisdictions 2 this includes several state commitments to emissions
reduction and the federal Climate Change Act®s 43 % emi ssions reduction target.
overall carbon budget to meet these targets and to reach net zero by 2050 (see the 2023 IASR Assumptions
Workbook?andSect i on 3. 2028 IASRR torMom® details).

9 Jurisdictional policy and law, including:

0 Queensland Energy and Jobs Plan? including the Borumba Dam Pumped Hydro development, classified as
-anticipated® in this 2024 | SP.

12 At https://aemo.com.awen/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp/current -inputs-
assumptions-and-scenarios.

13 At https://aemo.com.au/-/media/files/major-publications/isp/2023/2023-inputs-assumptions-and-scenarios-report.pdf?la=en.
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A rapidly evolving NEM will transform energy supply

0 New South Wales Infrastructure Investment Objectives (110)2 including storage and renewable energy
developments in New South Wales.

0 Victorian energy and climate-related policies, including the offshore wind target.

0 Tasmanian Renewable EnergyTarget 2 requiring 200% renewable generation capability by 2040.

A2.3.2 A changing generation mix to service consumers

Across all ISP scenarios, significant capacity of new VRE generation is expected to transform the NEM into a

low-emissions energy system, underpi hni ng t he decar boni s atTaldenl presentshhes t r al i &
capacity mix for all scenarios where the transmission investments under each scenario follow the transmission
developments of the ODP. This includes the following actionable projects that are expected to be developed

within their respective actionable windows (see Appendix 5 and Appendix 6 for more details):

1 HumeLink.
1 Sydney Ring North (Hunter Transmission Project).

1 New England Renewable Energy Zone RE2) Transmission Link (New England REZ Network Infrastructure
Project).

Victoria 2 New South Wales Interconnector West (VNI West).

Project Marinus.

Gladstone Grid Reinforcement.

Queensland SuperGrid South.

Queensland 2 New South Wales Interconnector (QNI) Connect.

Hunter-Central Coast REZ Expansion(Hunter-Central Coast REZ Network Infrastructure Project).

Sydney Ring South.

= =_ =2 =4 4 A A -4

Waddamana to Palmerston transfer capability upgrade.
Mid North South Australia REZ Expansion

Table 1 shows the significant scale of generation and storage development opportunities forecast in the ODP. It
shows utility-scale VRE growing from 19 GW currently to 127 GW in Step Change by 2049-50, and to 86 GW and
374 GW respectively in Progressive Change and Green Energy Exports. This is 44%, 49%, and 65% of the total
installed capacity for 2049-50 for Step Change, Progressive Change, and Green Energy Exports, respectively. In
all ISP scenarios, there is at least about a quadrupling of VRE by 2049-50.

Newer technologies such as offshore wind and hydrogen gas turbines have been developed to achieve at least
the objectives of government policies, such as the Victorian Offshore Wind Target'4, South Australian Hydrogen
and Jobs Plan'®, and Queensland Energy and Jobs Plant®,

14 At https://www.energy.vic.gov.au/renewable-energy/offshore-wind-energy/for-industry-and-developers.

15 At https://www.ohpsa.sa.gov.au/projects/hydrogen-jobs-
plan#:~:text=The%20Government%200f%20South%20Australia,200MW%200f%20power%20generation

16 At https://www.treasury.qld.gov.au/programs-and-policies/queensland-renewable-energy-and-hydrogen-jobs-fund/.
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A rapidly evolving NEM will transform energy supply

For more detail of relevant policies, see the 2023 IASRY.

Table 1 Installed capacity (GW) in 2023-24, 2029-30, 2039-40, and 2049 -50 by scenario

Technology Actual A Step Change Progressive Change Green Energy Exports
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N N N N N N N N N N
Black coal 16.4 8.7 0.0 0.0 7.3 3.1 17 4.6 0.0 0.0
Brown coal 4.8 2.8 0.0 0.0 3.4 0.6 0.0 11 0.0 0.0
Mid -merit gas 4.1 3.1 1.5 0.2 2.6 1.5 0.2 3.1 1.5 0.2
Flexible gas with 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
carbon capture and
storage (CCS)
Flexible gas 7.2 8.5 14.4 14.8 8.5 8.3 10.1 8.5 12.0 14.4
Hydro 6.8 6.8 7.1 7.1 6.8 7.1 7.1 6.8 7.1 7.1
Utility -scale storage 2 17.9 21.7 12.0 18.2 23.8 19.3 19.2 29.4 29.5
Coordinated CER 0.2 3.7 18.1 37.3 0.2 14 4.1 4.5 22.9 44.4
storage
Passive CER storage 0.7 2.8 6.3 6.9 15 2.8 4.0 3.7 8.0 8.9
Offshore wind 0.0 0.0 9.0 9.0 0.0 9.0 9.0 0.0 9.0 9.1
Wind 10.8 39.3 51.9 59.5 32.2 33.9 41.3 64.8 98.2 136.8
Utility -scale solar 8.4 15.6 31.2 58.3 15.0 195 36.2 34.6 73.1 228.5
Distributed PV 21.3 36.1 60.2 85.7 27.7 36.3 42.3 40.8 70.1 98.6
Other renewable fuels 0.0 0.0 0.5 0.5 0.0 0.0 0.1 0.0 0.5 0.5
DSP 0.9 1.6 2.5 29 1.4 1.8 1.9 2.0 3.7 5.0

A. Based on February 2024 Generation Information update which was used in the modelling. These figures may be slightly different to those in the 2024
ISP main report, which were based on the May 2024 Generation Information update. At https://aemo.com.au/en/energy-systems/electricity/national-
electricity -market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/generation-information.

Transitioning from coal and mid-merit gas generation

The Federal Government has committed to an economy-wide emissions reduction target of 43% below 2005
levels by 2030 and a net zero emissions economy by 2050. This emissions reduction target is underpinned by an
82% target share of renewable energy by 2030. On 23 November 2023, the Federal Government also announced
additional support®® for the development of 32 GW of new capacity nationally, including 23 GW of renewable
energy and 9 GW of clean dispatchable capacity.

Simultaneously, the electrification of transport, households, and industries, as well as the emergence of domestic
hydrogen production is forecast to provide a significant contribution to achieving a net zero economy, and lead to
higher electricity consumption across the NEM over the outlook period compared to the 2022 ISP. Similar to the
2022 ISP, coalfired generation is forecast to decline, due to the impact of emissions reduction and renewable

17 At https://aemo.com.au/en/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp/current -inputs-
assumptions-and-scenarios.

18 At https://www.dcceew.gov.au/energy/renewable/capacity-investment-scheme.
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A rapidly evolving NEM will transform energy supply

energy targets at federal and state levels. Figure 11 demonstrates the historical and forecast coal closure outlook
in Step Change against the announced retirement schedulef or t h e NEnEr&isn fleeg ant comparing
with other scenario projections in the 2024 ISP.

Similar to the Draft 2024 ISP, over three-quarters of current coal capacity is forecast to retire in Step Change
within the next 10 years, with all coal withdrawn by 2037-38. Coal capacity is forecast to retire earlier than current
announcements, but slower than was forecast in the Draft 2024 ISP, to improve reliability outcomes. Generation
from mid-merit gas plants is also forecast to decline as they approach their retirement dates, with renewable
generation broadly compensating for the lost energy production from both technologies.

Figure 11  Historical and forecast coal retirements, 2009  -10 to 2049-50 (GW)

35
Historical
30

2

(&)

2

o

Announced retirements

TTTTITY, (20241SP)
E Announced retirements
e (2022 1SP)
0

2009-10 2014-15 2019-20 2024-25 2029-30 2034-35 2039-40 2044-45 2049-50

1

Capacity (GW)
(63}

1

o

&)

msm New South Wales = Queensland = \/ictoria mmmm South Australia

Step Change Progressive Change  ———Green Energy Exports

Note that the recent announcement on the extension of Eraring Power Station to August 2027 is reflected in the 'announced retirements' in this chart,
but not in the modelling (shown by the bars).

Figure 12 below (showing Step Change) shows that new VRE storage, and GPG development is forecast to meet
consumers®energy, security and reliability needs. In terms of generation capacity, utility-scale VRE anddistributed
PV capacities are forecast to ramp up to replace retiring coal-fired generation and contribute to supplying
increasing load. In 2029-30, coal-fired generation capacity represents only 8% of the total capacity, and by
2037-38 completely retires in Step Change.

Figure 12 also shows that the energy generated from renewable generators is expected to increase. In 2029-30,

projected total generation from solar capacity (utility-scale solar and distributed PV) is 30% (79 terawatt hours

(Twh)) of the NEM®s tot al gener at i48% (121.&% hWh). By 2084-3b4d fivgyearee r at i C
later 2 these are forecast to grow to 38% (118 TWh) and 55% (168.6 TWh) respectively.
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Figure 12 NEM-wide installed capacity

(GW and Twh)

(top) and energy generation (bottom) , Step Change , 2024-25 to 2049-50
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Generation from flexible gas is also forecast to increase over the outlook period, as it provides a critical role in
firming the intermittency of renewable generation and providing dispatchable resources when required,
particularly during periods of low renewable resource availability, such as during the winter.
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More information on the key role of flexible gas, and the complementary importance for energy storages, is
provided in Appendix 4.

The scale of storage development opportunities to shift surplus renewable generation on an intra-day, inter-day, or
longer seasonal basis is an emerging important consideration for storage developers.

A2.3.3 Energy storages are needed to complement renewable energy

Additional storage developments, distributed across the NEM, will be needed to complement the large amount of
VRE to provide dispatchable and firm source of supply. AEMO defines the following diverse classes of storage:

1 Coordinated CERstorage 2 includes behind-the-meter battery installations that are enabled and coordinated
via virtual power plant (VPP) arrangements. This category includes VPP-coordinated EVs with vehicle-to-grid
(V2G) capabilities.

i1 Passive CER storage 2 includes non-aggregated behind-the-meter battery installations designed to support
customer ®s own | oad

1 Shallow storage 2 includes utility-scale energy storage with durations less than four hours. The value of this
category of storage is more for capacity, fast ramping, and frequency control ancillary service (FCAS) (not
included in AEMO®s emnergyenaragemenfcapabiiitg.n f or it s

1 Medium -depth storage 2 includes energy storage with durations between four and 12 hours (inclusive). The
value of this category of storage is in its intra-day energy shifting capabilities, driven by the daily shape of
energy consumption by consumers, and the diurnal solar generation pattern.

91 Deep storage 2 includes energy storage with durations greater than 12 hours. The value of this category of
storage is in covering VRE lulls (long periods of lower-than-expected VRE availability) and seasonal smoothing
of energy over weeks or months.

Figure 13 presents forecast NEM-wide storage capacity by depth to 2049-50 in Step Change:

i1 The chart on the left shows the installed capacity of all storages (GW), demonstrating the scale of CER storage
assumed and the required additional utility-scale storage developments to complement wind and utility-scale
solar penetration.

i1 The chart on the right presents the energy storage capacity (in GWh) for selected years, and demonstrates the
significant difference in storage capacity relative to the discharge capacity figure. While Snowy 2.0 and
Borumba Dam Pumped Hydro provide strong contributions, medium -depth and deep storages are developed
beyond those committed and anticipated projects, to meet policy targets and to support the energy shifting
needs of a high wind and utility-scale solar system.

Deep storage developments (beyond the committed Snowy 2.0 and anticipated Borumba Dam Pumped Hydro)
occur from the 2030s to complement and firm wind and utility-scale solar developments and to provide sufficient
dispatchable capacity to maintain reliability as coal capacity retires. With greater consideration of gas
infrastructure limits and weather uncertainty, greater storage development is now forecast relative to the Draft
2024 ISP.

In the longer term, existing, committed, and anticipated battery solutions (which are typically shallow) will reach
their own point of retirement, and renewal of these assets may not be needed given the scale of CER coordination
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and additional deep storage that is forecast in the last years of the outlook period. At that point, additional shallow
solutions will be less valuable than dispatchable capacity that can better support the need for seasonal energy
production in months with higher consumption and reduced renewable resources. The 2024 ISP develops more
flexible gas from the 2030s to service these gaps, however, deeper storages would be another alternative.

Figure 13 NEM-wide storage installed capacity (left) and energy storage capacity (right) , Step Change , 2024-25 to
2049-50 (GW and GWh)
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Figure 14 presents the mix of energy storage capacity forecast to be required to complement and firm wind and
utility-scale solar developments across the three core scenarios.

Figure 14  Mix of energy storage typ e by scenario in 20 49-50 & storage installed capacity (left) and energy storage
depth (right) (%GW and %GWh)
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This figure highlights that the scale of CER uptake is significant because it will offset the need for more shallow
and medium-depth utility-scale storage 2 as shown by the lower CER forecast inProgressive Change compared
with Step Change requiring a significantly larger proportion of utility -scale storage at varying depth.

A2.3.4 Thelow emission s-intensity future of the NEM

The transformation of the NEMt o support Aust r alzera@rissians eaomamy byi2@e50iso a n et
forecast to rely on strong wind and utility-scale solar uptake, reducingt he el e ct r enussionyintengitg t or ®s
under all ISP scenarios, as shown below in Figure 15 and Figure 16. The current set of public policies that support
renewable energy development and emissions reduction, and apply in all scenarios, drive the emissions pathways

in Progressive Change and Step Change in particular, with divergence emerging as the scenarios navigate

alternative paths to net zero by 2050 after achieving these policies to 2030 (and 2035 in some cases).

Figure 15 shows forecast emissions trajectories to 2049-50 across all scenarios.

Figure 15 Actual and forecasta nnual NEM -wide emissions by scenario , 2004-05 to 2049-50 (Mt CO 2-e)
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Due to the strong decarbonisation goal in Green Energy Exports, its trajectory is significantly lower than the other
two scenarios. From the 2030s in Step Change and Progressive Change, the pace of emissions reduction across

scenarios diverges, driven by differing development scales of VREto support the pace of electrification across the
economy.

In Step Change and Green Energy Exports,si gni fi cant and rapid change to the
the scenarios®missions reduction objectives is required. This leads to the forecast retirement of most thermal

generation in the late 2020s and early 2030s (see Sections A2.4.1 and A2.4.3). By 2029-30, NEM emissions are

forecast to reduce by 77% in Step Change (from 176 million tons of carbon dioxide equivalent (Mt CO2-e) in

2004-05 to 40 Mt CO:z-e in 2029-30), and by 90% in Green Energy Exports (from 176 Mt CO:-e in 2004-05 to

18 Mt CO:z-e in 2029-30). By 2049-50, emissions are forecast to be just 4 Mt CO2-e and 0.5 Mt CO:-e in Step

Change and Green Energy Exports, respectively.
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In Progressive Change, emissions reductions are forecast to occur more gradually from the 2030s compared to
Step Change and Green Energy Exports, as less decarbonisation ambition is featured in this scenario beyond
current public policies . Up to this point, various renewable energy targets provide the key driver for sufficient VRE
developments to reduce emissions, which results in a 78% fall in emissions between 2004-05 and 2029-30.

Figure 16 presents the forecast level of renewable energy penetration to 2049-50 by scenario. Complementing
Figure 15, it demonstrates the increasing role of wind and utility-scale solar to reduce emissions over the next

25 years. All scenarios achieve the 82% Powering Australia Plan objective of 82% renewable energy by 2030, and
in Step Change the share of generation from renewable sources is forecast to reach 99% by 2049-50.

Figure 16  Evolution of the annual share of total generation from renewable sources, from capacity outlook model
by scenario , 2024-25 to 2049-50
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