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Executive summary  

AEMO®s Integrated 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. The ISP®s optimal 

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 provides a detailed walkthrough of the process used in this 2024 ISP to arrive at the transmission 

investments in the ODP, including: 

¶ An assessment of the various transmission projects and their individual value. 

¶ A consideration of the risks of over- and under-investment across scenarios. 

¶ A test of the resilience of the ODP to uncertainties captured through sensitivity analysis.  

It is underpinned by the consulted-on principles and methodologies in the ISP Methodology, updated in June 2023 

following consultation, and has further benefited from consultation on the Draft 2024 ISP that was published in 

December 2023. It complements the generation and storage developments provided in detail in Appendix 2. 

The optimal development path  

The ODP covers a range of transmission, generation and storage developments. For transmission investments, 

the identification of projects as actionable within the ODP will lead to further action by each network proponent.  

This appendix shows that the set of actionable projects (in Table 1) facilitates the transition to a low-emissions 

energy system while lowering cost to consumers. 

The ODP presented in the 2024 ISP includes those projects classified as actionable in the Draft 2024 ISP, and has 

identified five additional actionable projects as after lower cost options were identified than were originally 

assessed. 
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Table 1  Actionable projects in the optimal development path  

Already actionable projects  

(confirmed in this ISP as continuing to be 

actionable)  

In service timing advised by 

proponent  

Full capacity timing advised by 

proponent A 

Actionable 

framework  

HumeLink  Northern: July 2026 

Southern: December 2026 

Northern: July 2026 

Southern: December 2026 

ISP 

Sydney Ring North (Hunter Transmission 

Project) 

December 2028 December 2028 NSWB 

New England REZ Network Infrastructure 

Project (New England REZ Transmission 

Link) 

June 2031E June 2031E NSWB 

Victoria ² New South Wales Interconnector 

West (VNI West) 

December 2028 December 2029 ISP 

Project MarinusC Stage 1: June 2030 

Stage 2: June 2032 

Stage 1: December 2030 

Stage 2: December 2032 

ISP 

Newly actionable projects  

(as identified in this ISP)  

Earliest feasible in service 

timing  

Full capacity timing advised by 

proponent A 

Actionable 

framework  

Hunter-Central Coast REZ Network 

Infrastructure Project (Hunter-Central Coast 

REZ Expansion) 

July 2027 July 2027 NSWB 

Sydney Ring South September 2028 September 2028 ISP 

Gladstone Grid Reinforcement March 2029 March 2029 QLDD 

Mid North South Australia REZ Expansion July 2029 July 2029 ISP 

Waddamana to Palmerston transfer 

capability upgrade  

July 2029 July 2029 ISP 

Queensland SuperGrid South September 2031F September 2031F QLDD 

Queensland ² New South Wales 

Interconnector (QNI) Connect 

April 2032 March 2033 ISP 

Note. Details of these projects are found in Appendix 5. 

A. The capacity release and timing is conditional on availability of suitable market conditions and good test results. 

B. These are actionable New South Wales projects rather than actionable ISP projects. They will progress under the Electricity Infrastructure Investment 

Act 2020 (NSW) rather than the ISP framework.  

C. Project Marinus is a single actionable ISP project without decision rules. 

D. These Queensland projects will progress under the Energy (Renewable Transformation and Jobs) Act 2024 (Qld) rather than the ISP framework. 

E. This is the latest project proponent timing provided from EnergyCo for Part 1. The ISP modelling in the appendix applies a date provided to AEMO in 

December 2023. See Appendix 5 for more information. 

F. This is the latest project proponent timing provided from Powerlink  for Part 1. The ISP modelling in the appendix applies a date provided to AEMO in 

December 2023. See Appendix 5 for more information. 

If delivered to schedule, and considering the relative likelihoods of the different scenarios that are forecast, this 

ODP is projected to reduce costs that the system would otherwise need to bear by the order of $18.5 billion, and 

to provide emissions reduction benefits valued at $3.3 billion.  

As further discussed in Section A6.3, weighted net market benefits have increased slightly from the identified 

benefits in the Draft 2024 ISP due to a number of changes in underlying assumptions, and these benefits now 

include additional benefits associated with emissions reduction. 
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The annualised capital cost of all utility-scale generation, storage, firming and transmission infrastructure in the 

ODP has a present value of $122 billion in Step Change to 20501. Transmission projects account for only 

$16 billion2 or 13% of the total.  

The ODP delivers balanced consideration of the risks of over- and under-investment across the scenario 

collection and it provides the highest weighted net market benefits across the three scenarios. 

Figure 1  Compo nents of weighted  net  market b enefits delivered by the ODP  over the outlook period  to 2051-52 

 

Note: These weighted market benefit values refer to benefits and costs accumulated to 2051-52, rather than cutting off at 2049-50. 

Table 2  Top six candidate development paths (CDPs) across scenarios (in $ billion) , in order of descending 

weighted net market benefi ts 

CDP Step Change  Progressive 

Change  

Green 

Energy 

Exports  

Weighted Net 

Market Benefits 

(WNMB 

WNMB 

Rank 

Worst 

weighted 

regrets  

WWR Rank 

14 (ODP) 16.66 13.64 59.60 21.83 1 0.32 13 

24 16.61 13.73 59.41 21.82 2 0.28 8 

5 16.96 13.84 58.08 21.82 3 0.26 4 

18 16.91 13.79 58.31 21.81 4 0.26 2 

21 16.67 13.68 59.27 21.80 5 0.30 11 

3 16.94 13.71 58.35 21.80 6 0.29 9 

 

1 This value includes transmission augmentation, and utility-scale generation and storage capital expenditure, and does not include the cost of 

commissioned, committed or anticipated projects, consumer energy resources or distribution network upgrades . The value increased from 

$121 billion in the Draft 2024 ISP to $122 billion due to modelling changes listed on page 19. 

2 This value is the net present value of capital costs for transmission augmentation up to 2049-50 only, and does not include the cost of 

commissioned, committed, or anticipated projects. 
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Changes implemented since the Draft 2024 ISP  

Among the changes since the Draft 2024 ISP, the inclusion of emissions reduction as a class of market benefits 

has the largest impact to the weighted net market benefits of the ODP, providing an additional $3.3 billion. Other 

changes include new committed and anticipated generation and storage developments identified in AEMO®s 

Generation Information publication3 as of February 2024, additional transmission development options, 

considerations of gas infrastructure capacity limitations, consideration of uncertainty pertaining to weather 

patterns, amended gas generation in the short term, inclusion of the expanded Capacity Investment Scheme (CIS) 

targets, and other minor changes to transmission and demand assumptions. 

Sensitivity analysis confirms the choice of the ODP  

AEMO®s modelling demonstrates that the ODP provides appropriate resilience and robustness to future 

uncertainties through the use of a scenario planning approach, and assessment of individual uncertainties through 

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

beyond those included in the Draft 2024 ISP, including: 

¶ Alternative assumptions around levels of coordination of consumer energy resources (CER), commitment of 

additional load, and electric vehicle (EV) uptake. 

¶ Alternative assumptions around electricity supply availability and the potential challenges of delivery. 

¶ Impact of having lower electrolyser flexibility. 

As Table 3 shows, the ODP is one of the most resilient development paths compared with the collection of 

alternatives. It is the path that delivers the highest-ranked weighted net market benefits across six of the seven 

sensitivities.  

Figure 2 shows the impact of each sensitivity on the weighted net market benefits for the ODP. 

The 2024 ISP confirms the actionability of the projects identified in the ODP of the Draft 2024 ISP by extending the 

sensitivity analysis to more recent developments and risks highlighted by stakeholders from the consultation to the 

Draft 2024 ISP. In some instances, sensitivity analysis that was performed on the Draft 2024 ISP has not been 

re-simulated, as the updated model parameters were not expected to have changed the insights obtained from 

the Draft 2024 ISP.  

 

3 At https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-

planning-data/generation-information. 

https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/generation-information
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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Figure 2  Weighted net market benefits in the core scenarios and across all sensitivities , ($, billion)  

 

Table 3  Relativity of weighted net market benefits (in $ billion) for key C DPs across the sensitivity collection  
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Weighted net market benefits  

14 CDP3 with actionable Project Marinus 

Stage 2 
21.83 22.03 21.82 33.57 20.90 20.81 21.62 21.87 

24 CDP14 without actionable Queensland 

SuperGrid South 
21.82 22.02 21.80 33.52 20.91 20.31 21.57 21.86 

5 CDP3 without actionable Sydney Ring 

South 
21.82 21.95 21.77 33.54 20.91 20.80 21.60 21.82 

18 CDP3 without actionable Queensland 

SuperGrid South 
21.81 22.03 21.76 33.49 20.93 20.31 21.55 21.80 

21 CDP14 without actionable Sydney Ring 

South 
21.80 21.99 21.79 33.54 20.86 20.78 21.58 21.85 

3 Step Change least-cost DP 21.80 22.02 21.76 33.52 20.89 20.78 21.59 21.79 

Change in weighted net market benefits relative to the most beneficial CDP  

14 CDP3 with actionable Project Marinus 

Stage 2 
0.00 0.00 0.00 0.00 -0.03 0.00 0.00  0.00 

24 CDP14 without actionable Queensland 

SuperGrid South 
-0.01 -0.02 -0.02 -0.05 -0.02 -0.49 -0.05  -0.01 

5 CDP3 without actionable Sydney Ring 

South 
-0.02 -0.09 -0.05 -0.04 -0.02 -0.01 -0.02  -0.06 

18 CDP3 without actionable Queensland 

SuperGrid South 
-0.02 -0.00 -0.06 -0.08 0.00 -0.49 -0.06 -0.07 

21 CDP14 without actionable Sydney Ring 

South 
-0.03 -0.04 -0.03 -0.03 -0.07 -0.03 -0.03  -0.02 

3 Step Change least-cost DP -0.03  -0.01  -0.06  -0.05  -0.04  -0.03  -0.03  -0.08  

Note: Cells shaded teal represent the top CDP for each of the sensitivities. 

A. The numbering and definitions of the Candidate Development Paths (CDPs) have changed since the Draft 2024 ISP.  

B. The NEM carbon budget to 2029-30 and the 82% renewable energy target by 2029-30 are both not met under this sensitivity and the costs 

associated with the breach of these policies are not included in the NPV calculations. 
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CDP14 represents the CDP with the highest weighted net market benefits across the CDP collection, and 

given its robust performance across the set of alternative assumptions tested  through sensitivity analysis , 

AEMO identifies CDP14 as the optimal development path .  

Note: Consideration of Draft 2024 ISP consultation feedback has necessitated additional transmission 

options, leading to additional development paths (DPs). This has required re-definition of the candidate 

development paths (CDPs). The CDP numbering has therefore changed since the Draft 2024 ISP.  

Care must be observed when comparing results; CDP3 in the Draft 2024 ISP is not the same as CDP3 in 

the 2024 ISP, and the Draft 2024 ISP®s ODP (CDP11) is not identical to either CDP11 in the 2024 ISP, or 

the 2024 ISP®s ODP (CDP14). 
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A6.1 Introduction  

This Appendix 6 of the 2024 ISP sets out the process and rationale for identifying the optimal development path 

(ODP) from a range of candidate development paths (CDPs). CDPs represent a shortlist of possible alternative 

transmission development paths, including each scenario®s least-cost development path (DP) and several 

alternative development paths that perform well across the scenarios but may not be the ­best® in any given 

scenario.  

This appendix details the cost-benefit analysis (CBA) implemented in this 2024 ISP and presents the analyses on 

each of the CDPs across the three ISP scenarios and across a range of alternative sensitivities.  

In this appendix: 

¶ A6.2 provides a summary of the overall approach to the CBA. 

¶ A6.3 shows the impact of changes since the Draft 2024 ISP on the CBA. 

¶ A6.4 steps through the process of determining the least-cost DP in each scenario. 

¶ A6.5 outlines the development of the set of CDPs based on the least-cost DPs. 

¶ A6.6 provides a detailed assessment of individual transmission projects, by examining their individual impact 

and the value that they provide by being declared as ­actionable projects®. 

¶ A6.7 summarises the findings from A6.6 and identifies the ODP. 

¶ A6.8 tests the resilience of the ODP and a subset of the CDP collection to several sensitivities. 

¶ A6.9 explores impact of consumer risk preferences on transmission timings. 

¶ A6.11 finalises the identification of the ODP after considering insights from the sensitivity analyses. 

¶ A6.12 summarises the sensitivity analysis from the 2024 Draft ISP. 

Other notes relevant to this appendix  

All values presented in this appendix are on a 30 June 2023 real dollars basis unless stated otherwise. Net present 

value (NPV)4 outcomes are discounted back to 30 June 2023 by applying the relevant discount rate. All NPVs 

consider an outlook period from 2024-25 to 2051-52, unless otherwise stated. 

The cost estimates for transmission projects in this appendix represent the cost in the year of delivery, expressed 

in 2023 dollars. For this reason, projects will have different costs in development paths where they are delivered in 

different years. This reflects the application of AEMO®s transmission cost forecasting approach, explained in the 

2023 Transmission Expansion Options Report. These costs may appear differently to those presented in Appendix 

5, which displays the cost for delivery in a fixed year. 

This appendix is supported by the Generation and Storage Outlook Workbook 5 which also provide a breakdown 

of the difference in system costs between CDPs. 

 

4 See Section A6.2.1. 

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

https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp
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A6.1.1  Interpreting the graphics in this appendix  

This appendix presents a number of charts comparing the projected benefits of two different development paths  

over the outlook period, as shown in Figure 3 below. When interpreting this chart:  

¶ The stacked columns illustrate the projected values for different classes of market benefits on an annual 

undiscounted basis.  

¶ Positive values indicate benefits (cost savings) associated with DP(A) relative to DP(B) and negative values 

indicate the additional costs incurred compared to DP(B). For example, the dark purple bars above the x-axis 

represent generation capital deferral cost savings in DP(A), while the turquoise bars below the x-axis indicate 

greater transmission costs in DP(A) compared to DP(B). In some cases, the secondary DP may be the 

­counterfactual DP®, which refers to a future development path with no new major transmission augmentation 

developed.  

¶ The blue line represents the projected annual market benefits of DP(A) over DP(B). Where the line is above the 

x-axis, DP(A) delivers positive net market benefits relative to DP(B) for that specific year. Conversely, where 

the line is below the x-axis, DP(A) delivers negative net market benefits relative to DP(B) in that year. 

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: 

¶ Inclusion of emissions reduction as a class of market benefits by applying the Value of Emissions 

Reduction (VER). 

¶ Considerations of gas infrastructure capacity limitations, and revision to short term gas generation 

forecasts to align with the 2024 GSOO. 

¶ Consideration of additional uncertainty on weather patterns. 

¶ Inclusion of the latest committed and anticipated projects as per the February 2024 Generation 

Information release. 

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

¶ Changes to earliest in-service dates (EISD) and costs of several transmission projects. 

¶ Change in the subregional allocation of demand in New South Wales to improve the distribution of 

electricity consumption across the sub-regions observed historically, on average.  

¶ Changes in hydrogen load assumptions, with load for green steel production carved out f rom other 

region®s loads and modelled in Sydney, Newcastle and Wollongong subregion to reflect proposed 

projects. 

¶ Changes to the modelling of Coordinated CER to improve the accounting of losses. 

These changes have necessitated re-analysis of the scenarios and introduced additional potential 

actionable transmission augmentations since the Draft 2024 ISP for consideration. 
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¶ Fixed operating and maintenance (FOM) and variable operating and maintenance (VOM) cost savings are 

abbreviated in the legend, while load shedding reductions refers to costs associated with changes in voluntary 

and involuntary load shedding. 

Figure 3  Example interpretation of annual market benefits used in this appendix  

 

 

This appendix also presents charts comparing the projected capacity and generation differences over the outlook 

period of two different development paths, as shown in the example figure below. When interpreting the sample 

chart in Figure 4: 

¶ The stacked columns show the projected values (capacity or energy generated) for different technologies on 

an annual basis.  

¶ The values reflect the relative difference between the two modelling outcomes. A positive value indicates the 

higher total capacity (or generation) in DP(A) relative to DP(B) and a negative value indicates higher capacity 

(or generation) in DP(B). For example, the yellow bar indicates there is higher capacity of utility solar in DP(B) 

relative to DP(A). 

¶ The line represents the projected difference in total dispatchable capacity between the two modelling 

outcomes. Dispatchable capacity refers to generation and storage capacity that can adhere to dispatch 

instruction, being controllable and flexible, and can provide greater certainty on its availability.  

¶ ­Distributed PV® described in this appendix refers to the combination of rooftop PV and other distributed solar 

generation (which is used as the equivalent descriptor in the primary Draft 2024 ISP report).  
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Figure 4  Example interpretation of forecast capacity differences used in this Appendix  

 

 

While the ISP modelling horizon covers an outlook period until 2051-52, for the purpose of the report, outcomes 

are presented until 2049-50. 

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

In
s
ta

lle
d

 c
a
p

a
c
it
y
 d

if
fe

re
n

c
e

 (
G

W
)

Black coal Brown coal Mid-merit gas

Flexible gas with CCS Flexible gas Other renewable fuels

Hydro Utility storage Coordinated CER storage

Passive CER storage Offshore wind Wind

Utility solar Distributed PV Dispatchable capacity

DP(A)

DP(B)



Approach to the cost-benefit analysis  

 

 

© AEMO 2024 | Appendix 6. Cost -Benefit Analysis  20 

 

A6.2 Approach to the cost -benefit analysis  

A6.2.1  The ISP approach to cost -benefit analysis  

The 2024 ISP applies AEMO®s ISP Methodology6, which details the approach used in the modelling and CBA that 

underpins the identification of the ODP. The updated ISP Methodology was developed in accordance with the 

Australian Energy Regulator®s (AER®s) Forecasting Best Practice Guidelines and Cost Benefit Analysis Guidelines7. 

It sets out the following principles that govern the following aspects of the CBA: 

¶ The quantification of costs and classes of market benefits that are considered in this ISP. 

¶ The determination of the least-cost DP for each scenario (Step 1 of the CBA). 

¶ The evaluation of net market benefits compared with the counterfactual DP8. 

¶ The process for building CDPs (Step 2). 

¶ The process for assessing the CDPs across all scenarios (Step 3). 

¶ The process for ranking CDPs according to weighted net market benefits (WNMB) and worst weighted regrets 

(WWR)9 (Steps 4 and 5). 

¶ Identifying the ODP after considering sensitivity analysis (Step 6). 

The Glossary provides a number of important definitions for this Appendix. Other key terms specifically used in 

this appendix are summarised below for reference. Terms defined in the NER, AER guidelines or the ISP 

Methodology10 have the meanings given in those documents: 

¶ The earliest in -service date (EISD)  of a project is the earliest date the project can be completed. 

¶ An actionable window  is a period of time within which the delivery of a project is optimal for it to be 

considered actionable.  

ð For new actionable projects, the length of the actionable window is two years, which practically means that 

if the project is not required until two years after the EISD, it can wait two years to be actioned if still 

required in the next ISP. 

ð For projects that were first actioned in the previous ISP, they retain actionable status if required in the 

four-year period starting at the EISD. This reflects that a project that was actioned in a previous ISP has 

been progressing for at least two years (including regulatory approvals) and delaying the project would 

likely 'reset' it, requiring re-work of the progress made, leading to longer lead time delays. The window is 

 

6 At https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-

methodology_june-2023.pdf?la=en. 

7 At https://www.aer.gov.au/system/files/AER%20-%20Cost%20benefit%20analysis%20guidelines%20-%2025%20August%202020.pdf. 

8 In the CBA, net market benefits reflect the difference in discounted total system costs of a given DP relative to a counterfactual DP (for net 

market benefits) or another alternative DP (for relative market benefits). 

9 The ISP Methodology refers to the ­least-worst weighted regret®; the worst-weighted regret approach described in this appendix is identical to 

that described in the methodology. This appendix describes the approach for ranking CDPs as ranking in accordance with the worst 

weighted regret, to find the CDP that provides the least-worst weighted regret. 

10 At https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-

methodology_june-2023.pdf?la=en, pp.80-81. 

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.aer.gov.au/system/files/AER%20-%20Cost%20benefit%20analysis%20guidelines%20-%2025%20August%202020.pdf
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
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used to assess whether a project that was previously actionable should retain its actionable status from one 

ISP to the next.  

ð For projects that have been actionable for multiple ISPs, the length of the actionable window is two years (to 

reflect the time period before the next ISP) plus two years for each ISP (excluding ISP updates) in which 

those projects were declared as actionable. 

¶ Potential actionable and future ISP  projects  share the definitions for actionable and future ISP projects 

outlined in the Glossary, except these concepts appear before the identification of the ODP.  

¶ A minimum -regret project  is defined as being a potential actionable ISP project in all scenarios.  

For the assessment of costs and benefits: 

¶ Net present value  (NPV) is the discounted sum of all costs and is used to determine the discounted total 

system cost of each DP. 

¶ Relative market benefits  reflect the difference in discounted total system costs of a given DP relative to 

another alternative DP. 

¶ A CDP®s weighted net market benefits  (WNMB) reflect the weighted average of a CDP®s net market benefits 

across all scenarios. Net market benefits are weighted based on likelihoods derived in consultation with 

stakeholders via the Delphi Panel (see Appendix 1). 

¶ A CDP®s worst  weighted regrets  reflect the highest amount of weighted ­regrets® (which is the difference in 

net market benefits between the CDP that has the highest net market benefits and the CDP of interest under 

the same scenario) across the scenarios. The worst weighted regrets are associated with risks of over- or 

under-investment. 

A6.2.2  Application of scenario weightings to net market benefits and worst weighted regrets  

Table 4 shows the scenario weightings determined by AEMO, considering the insights from stakeholder 

consultation using a Delphi process (see Appendix 1). These weightings are applied to both net market benefits 

and worst weighted regrets associated with each CDP in the CBA analysis to allow comparison of CDPs across 

the set of scenarios.  

Table 4  Scenario weightings applied in the cost -benefit analysis  

Scenario  Weighting  

Step Change  43% 

Progressive Change  42% 

Green Energy Exports  15% 
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Classes of market benefits  

The National Electricity Rules (NER) set out the classes of market benefits that must be considered in the 

ISP. The 2023 ISP Methodology provides more detailed information on how these relate to the CBA 

Assessment. The classes of market benefits included in AEMO®s CBA assessment include:  

¶ Benefits related to the development and operational costs of generation and storage assets: 

ð Changes in fuel consumption arising through different patterns of generation dispatch.  

ð Changes in costs for parties due to the timing of new plant, differences in capital costs, and 

differences in operating and maintenance costs 

¶ Development and operational costs of transmission assets: 

ð Differences in the timing of expenditure, and in operating and maintenance costs.  

¶ Costs associated with demand reduction due to changes in voluntary load curtailment (through 

demand side participation (DSP)), and involuntary load shedding costs, valued at the value of customer 

reliability. 

¶ Costs associated with changes in greenhouse gas emissions, valued at the value of emissions 

reduction. 

Several classes of market benefits are not explicitly accounted for above, and are instead considered as 

follows: 

¶ Changes in network losses:  

ð To some extent, differences in losses attributed to differences in interconnector flows and loss 

equations are accounted for in the changes to fuel and operating costs of assets, given they are 

calculated dynamically. 

ð Changes in intra-regional losses arising across alternative DPs are not necessarily captured by the 

interconnector loss equations. 

¶ Option value is captured through the assessment of flexibility in DPs, and the approach to identifying 

the ODP. 

ð Changes in ancillary service costs and competition benefits are not considered as part of the CBA 

analysis by default, given the challenge in quantifying them across all alternative DPs.  
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A6.3 Impacts of the changes  since  the Draft 2024 ISP 

The 2024 ISP reflects a number of changes in assumptions since the Draft 2024 ISP to capture updated 

information and stakeholder feedback.  

This section covers the impacts of the main set of changes that have been implemented since the Draft 2024 ISP 

on the costs and net market benefits. It mirrors Section A2.2 in Appendix 2, which covers their impacts on the 

generation and storage development opportunities. 

Inclusion of emission s reduction benefits   

Emissions reduction benefits have been incorporated as an additional class of benefits using the methodology for 

deriving an interim Value of Emissions Reduction (VER) agreed by Energy Ministers in February 202411, and in 

accordance with the CBA guidelines and ISP Methodology12. This new benefit class reflects the appropriate 

consideration of the amendments to the national electricity objective (NEO)13 and NER14, and is consistent with the 

guidance provided by the AER15.  

Consideration of the existing gas infrastructureõs capacity limitation  

To better represent limitations of the gas system to supply fuel on-demand at all times for gas-powered generators 

(GPG), AEMO has incorporated additional daily gas consumption limits to reflect the historical availability of gas 

for electricity generation purposes. In addition, to ensure a reliable and resilient fuel supply under most conditions, 

AEMO has included an additional cost of on-site secondary fuel storage, and uses secondary fuels if required 

when gas supply is constrained (for GPG in southern regions). This approach has not applied to Queensland gas 

generators, as gas infrastructure in that region is less affected by infrastructure constraints and declining gas 

availability.  

This consideration of the existing gas infrastructure®s capacity to provide gas for electricity generation in New 

South Wales, South Australia, Tasmania and Victoria has two related impacts on the total system cost and 

consequently on net market benefits. It reduces GPG operating levels, by reflecting gas limitations more explicitly, 

and it captures an increase in fuel costs when GPGs are operated on secondary fuels when gas infrastructure 

limitations constrain gas supply.  

This consideration was only applied in Progressive Change and Step Change because applying it in Green Energy 

Exports would be internally inconsistent with the narrative of that scenario ² that is, the scenario®s narrative 

explores a fast transition to net zero by 2050, and this includes broad infrastructure development to enable a 

 

11 At https://www.aemc.gov.au/sites/default/files/2024-03/Attachment%204%20VER%20MCE%20Statement%20for%20Commission%20

200324.pdf. 

12 At https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-

methodology_june-2023.pdf?la=en. 

13 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. 

14 See the Australian Energy Market Commission®s (AEMC®s) rule change to harmonise the national energy rules with the updated NEO, at 

https://www.aemc.gov.au/rule-changes/harmonising-national-energy-rules-updated-national-energy-objectives-electricity . 

15 See AER guidance on valuing emissions reduction, at https://www.aer.gov.au/industry/registers/resources/guidelines/valuing-emissions-

reduction-final-guidance-may-2024. 

https://www.aemc.gov.au/sites/default/files/2024-03/Attachment%204%20VER%20MCE%20Statement%20for%20Commission%20200324.pdf
https://www.aemc.gov.au/sites/default/files/2024-03/Attachment%204%20VER%20MCE%20Statement%20for%20Commission%20200324.pdf
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.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
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hydrogen and renewable gas opportunities, therefore it is reasonable to expect that gas infrastructure that 

supports GPG operations also expands in the scenario.  

AEMO has observed that in the counterfactual scenario when transmission augmentations are not developed, gas 

infrastructure investments are a necessary substitute, to achieve the alternative path to net zero that does not rely 

on hosting new renewable energy projects outside of the existing transmission network. In the counterfactual, 

greater reliance on gas, including gas generation with carbon capture and sequestration, is forecast, resulting in a 

greater reliance on gas infrastructure investments. As such, the counterfactual does assume a higher forecast 

daily gas production limit in Progressive Change and Step Change to represent gas infrastructure developments 

in lieu of transmission network upgrades. This is further discussed in Section A.2.2 of Appendix 2. 

Consideration of uncertainty pertaining to weather pattern  

Stakeholders raised concerns with the significance of the role that gas was forecast to play in the Draft 2024 ISP, 

especially the new developments anticipated in the 2040s. These developments were identified with regards to 

the reference years used in the ISP to model varying weather patterns (for more detail see the Alternative 

Weather Sequence sensitivity, or the ISP Methodology16).  

AEMO applied the reference year approach to ensure that real-world conditions that have been experienced were 

informing the future requirements. Given stakeholder concern regarding the predictability of weather within a 

­rolling reference year® approach, AEMO applied two new considerations for the 2024 ISP modelling: 

¶ To reflect that the timing and magnitude of low variable renewable energy (VRE) conditions is unknown, AEMO 

performed a sensitivity analysis to determine the resilience of the ODP to the lowest VRE yield reference year 

across the reference year collection across the outlook period, to assess capacity needs under more sustained 

poor renewable energy conditions (see Section A6.8.7). 

¶ To reflect the uncertainty regarding the timing of poor weather conditions for renewable energy generation, 

AEMO introduced a constraint to progressively develop more firming resources as coal generation retires, to 

ensure that the system would be increasingly resilient before, during, and after poor weather conditions. This 

approach, applied to all scenarios, effectively resulted in the gradual development of more firming capacity 

than the Draft 2024 ISP forecast with perfect foresight of challenging weather conditions (See Appendix 2 for 

more details). 

Reflecting detailed analysis of gas generation in the short to medium -term  

AEMO has recognised that forecasting gas generation volumes ² a technology that often and increasingly in the 

ISP is observed as a critical back-up to renewable energy and storage developments ² benefits from high 

granularity modelling. AEMO has therefore calibrated the CBA with dispatch outcomes observed in its more 

granular time-sequential modelling for the period to 2030, being the period when most incumbent gas generation 

is operating before significant new flexible gas resources will be required to support coal closures.   

 

16 At 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://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-methodology_june-2023.pdf?la=en
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Reflecting the latest committed and anticipated projects as per the February 2024 Generation 

Information update   

The February 2024 Generation Information update17 includes around 3.7 gigawatts (GW) of new large-scale 

storage capacity as well as 490 megawatts (MW) of solar and wind, that have all now met ­anticipated® status, 

representing critical progress towards commencing operation in the NEM . Of these utility-scale storage capacities, 

approximately 3 GW in total is spread across Queensland, New South Wales, and Victoria.  

As the project costs assumed in each scenario (including the counterfactual) are equivalent, these are ignored by 

the CBA when evaluating the ODP. While lowering the assessed system costs, the developments also have 

tended to reduce the relative market benefit of some transmission projects that provide significant generator and 

storage capital deferral benefits, as discussed in Section A6.6.2. 

Inclusion of expanded renewable energy  and emissions targets  

The Capacity Investment Scheme®s (CIS®) Australia-wide targets of clean dispatchable and renewable capacity of 

9 GW and 23 GW, respectively, and the additional Queensland and New South Wales emissions targets by 2035, 

have been incorporated in all scenarios. In particular, the clean dispatchable target will drive additional storage to 

be developed by 2030, while the renewable capacity target helps facilitate Australia®s commitment to 82% 

renewable target by 2030. The 2024 ISP now includes a renewable energy development requirement that more 

closely follows the updated policy targets. 

Updates to the distribution of demand across New South Wales sub-regions  

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 includes several sub-regions within New South 

Wales, and the updated allocations improves 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 conditions18 in the region (see Figure 5), resulting in greater load being 

represented in Southern New South Wales than was modelled in the Draft 2024 ISP. 

 

17 At https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-

planning-data/generation-information. 

18 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. However, the adjustments applied in the ESOO place more emphasis on periods of 

maximum demand when allocating demand, due to the greater focus on reliability during these periods in the ESOO, and as such will differ 

from those presented in this 2024 ISP, which are more representative of average load conditions. 

https://aemo.com.au/en/energy-systems/electricity/national-electricity-market-nem/nem-forecasting-and-planning/forecasting-and-planning-data/generation-information
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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Figure 5  Demand proportions applied in the 2024 ISP compared to the Draft 2024 ISP, (%) 

 

Changes to the modelling of coordinated CER to improve the accounting of losses  

AEMO has identified and corrected a modelling artefact that resulted in the double -counting of round-trip 

efficiency losses in the ISP modelling for coordinated CER batteries. Additionally, AEMO has applied greater 

operational limits on coordinated CER batteries to ensure only one full charging/discharging cycle is able to be 

deployed per day. This change improves the connection to observed operating behaviours, and improves the 

alignment to assumptions affecting CER batteries that are not assumed to be coordinated. 

More information on how AEMO considers CER battery losses in demand forecasts is available in the Electricity 

Demand Forecasting Methodology19. 

Aligning  hydrogen load  forecast with proposed projects in Green Energy Exports  

AEMO received feedback regarding the need for the Green Energy Exports scenario to reflect emerging industry 

in hydrogen related products, particularly green steel production, in locations most able to synergise with 

incumbent industry (and skilled workforce) and reflect related potential developments. AEMO accommodated this 

feedback in the Green Energy Exports scenario by attributing greater load for green steel furnaces and additional 

hydrogen load for green steel production  into the Sydney, Newcastle, and Wollongong subregion ² a location that 

hosts significant steelmaking capability.  

Changes to transmission  project assumptions  

Continued joint planning with transmission network service providers (TNSPs) has identified improved information 

regarding several transmission projects modelled in the ISP. EISD and cost forecasts for several projects have 

 

19 At https://aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/nem_esoo/2023/forecasting-approach_electricity-demand-

forecasting-methodology_final.pdf?la=en. 
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been revised, impacting their actionable windows compared to those applied in the Draft 2024 ISP. Changes to 

specific projects assessed for actionability are discussed in later sections of this Appendix, where relevant. 

Additionally, 

¶ A number of committed and anticipated transmission projects have an updated timing or capacity, such as:  

ð Far North Queensland Renewable Energy Zone (REZ) to be commissioned by 30 June 2024. 

ð Central-West Orana REZ Network Infrastructure Project capacity full capacity release date is now scheduled 

for August 2028. 

ð The two stages of full capacity releases for Project EnergyConnect are now scheduled for December 2024, 

and July 2027 respectively. 

ð The South West Victoria (SWV1) group constraint has been revised to reflect the Mortlake turn-in project 

supporting 1,100 MW of transfer capacity (average additional generation output during peak summer 

periods), which was previously modelled as 1,500 MW (under optimal network conditions) . 

¶ Several new transmission augmentation options have been identified at smaller scale and cost than identified 

for the Draft 2024 ISP.  

¶ Transmission limits and resource limits for some REZs have also been revised. 

For more details, see Appendix 5 and the accompanying 2024 ISP Inputs and Assumptions Workbook20. 

Other relevant changes  

The CDP collection has changed since the Draft 2024 ISP and now includes: 

¶ Several additional REZ transmission augmentations (Waddamana to Palmerston transfer capability upgrade 

and Hunter-Central Coast REZ Network Infrastructure Project). 

¶ Two additional projects that are now included within the CDP collection given updated modelling for the 2024 

ISP, which were identified as potentially future projects only in the Draft 2024 ISP ² Sydney Ring South and 

Mid North South Australia REZ Expansion.  

The expanded project collection within the CDPs has necessitated changes to the CDP collection references from 

the Draft 2024 ISP. AEMO does not recommend comparing CDP identification labels (CDP-X) from the Draft 2024 

ISP and the 2024 ISP, as the project list have changed. 

This appendix focuses on the updated analysis in the 2024 ISP modelling, considering the changes laid out above. 

Comparisons against the Draft 2024 ISP findings are also presented where relevant. 

Net impact  of changes  since  the Draft 2024 ISP 

The impacts of these changes vary across scenarios, CDPs and counterfactuals. Table 5 below shows the 

collective impacts on net market benefits across the scenarios, and the weighted net market benefits, including 

specific identification of the impact of emissions reduction benefits. 

 

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

https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp
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The inclusion of emissions reduction as a class of market benefits contributes approximately $3.3 billion to the 

overall weighted net market benefits. Emissions reduction benefits do not significantly impact the net market 

benefits in Green Energy Exports because of the rapid pace of decarbonisation in that scenario. Conversely, they 

have a more significant impact in Progressive Change, as the relatively slower decarbonisation allows for greater 

differences in fossil fuel generation across different development paths. In this scenario, early development of 

transmission unlocks high quality renewable resources which reduces fossil fuel generation ² bringing forward 

emissions reduction and delivering economic benefits when valued using the VER. 

Table 5  Comparison of the net market benefits of the ODP in the Draft 2024 ISP and in the 2024 ISP, and the 

contribution from emission s reduction benefits ($ billio n) 

 Step Change  Progressive Change  Green Energy Exports  Weighted net market 

benefits  

Draft 2024 ISP  17.35 7.24 46.35 17.45 

2024 ISP, net of 

emission s reduction 

benefits   

16.54 5.88 59.57 18.52 

Emission s reduction 

benefits  

0.12 7.76 0.02 3.31 

2024 ISP, with 

emission s reduction 

benefits  

16.66 13.64 59.60 21.83 

Note : The ODPs in the Draft 2024 ISP and the 2024 ISP differ in the set of actionable projects and their timings, therefore careful consideration must be 

observed when making comparisons. While this table compares the two different ODPs, ODP in the Draft 2024 ISP and the ODP in the 2024 ISP, both 

provide the optimal development paths under the set of assumption they were assessed against. 

The annualised capital cost of all utility-scale 

generation, storage, firming and transmission 

infrastructure in the 2024 ISP®s ODP has a present 

value of $122 billion in Step Change to 205021.  

Of the annualised cost, transmission projects 

amount to $16 billion22 or 13% of the total.  

These investments deliver a net market benefit of 

almost $17 billion in Step Change, as shown in 

Table 5 above ² that is, it provides a gross market 

benefit that exceeds the capital investment of 

$16 billion by almost $17 billion. 

 

 

21 This value includes transmission augmentation, and utility-scale generation and storage capex, and does not include the cost of 

commissioned, committed or anticipated projects, consumer energy resources or distribution network upgrades . The value increased from 

$121 billion in the Draft 2024 ISP to $122 billion due to various modelling improvements as described in this report . 

22 This value is the net present value of capital costs for transmission augmentation up to 2049-50 only, and does not include the cost of 

commissioned, committed or anticipated projects. 

Figure 6  Present value of capital investments 

(a mortised to 2049 -50, $ billion)  
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A6.4 Step 1: Determining the least -cost development path for each  

scenario  

The first stage in the CBA process was to determine the least-cost DP that maximises net market benefits under 

each scenario. The determination of the least-cost DP within each scenario was based on testing hundreds of 

permutations of network development options and timings. Each DP tested resulted in a different generation, 

storage, and transmission development schedule. The resulting NPVs of total system costs of all DPs were then 

compared to identify the DP that delivers the necessary infrastructure developments in the most economically 

efficient way by minimising the total system costs. 

The process used to search for the least-cost DP in each scenario was as follows: 

¶ The Single-Stage Long-Term23 (SSLT) model was used to inform which transmission flow path augmentations 

are likely to minimise system costs, as well as an indication of the timing and scale of augmentation. 

¶ Based on the indicative transmission developments provided by the SSLT modelling, many DPs were 

simulated in the Detailed Long Term (DLT) capacity outlook model to test which of the available network 

development options would produce the lowest total system costs, after accounting for the cost of the 

augmentations itself. For the augmentation to lower system costs, the savings from other costs must exceed 

the cost of the augmentation. 

¶ These various augmentation options were then compared to a DP that does not have that option to identify a 

­cross-over point® at which the project is starting to deliver positive net market benefits. Alternative timings 

were then tested around this ­cross-over point® to determine the optimal timing. 

¶ This process was then repeated to include other ISP projects where there is a logical interaction to understand 

what combination of projects or project timings delivers the lowest system cost in each scenario. 

¶ Additional augmentations were included to confirm that they do not provide incremental reductions in total 

system costs. 

This section presents a concise summary of this process by detailing the least-cost DP for each scenario and 

comparing it to a subset of alternative DPs to illustrate the reasons for identifying a DP as optimal in a given 

scenario. This includes consideration of alternative projects or project options to demonstrate that these have 

been considered and why they were not optimal. 

While many alternative DPs24 were developed and analysed to explore a wide range of development possibilities 

across options and timings for each scenario, only a subset of the alternative DPs are presented in the tables 

below. These were hand-picked to demonstrate the merits of bigger, additional, or delayed augmentation options 

for a relevant transmission element in searching for the least-cost DP.  

 

23 Further information on the differences between the Single-Stage Long-Term model and the Detailed Long-Term Model is provided in the ISP 

Methodology. 

24 DPs, as defined in the Glossary, are not scenario-specific, and can be explored in more than one scenario. DPs are not necessarily optimal in 

any scenario ² generally, many DPs are tested to determine which DP is optimal in any given scenario. 
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This section highlights some of the alternative options assessed, focusing on some credible alternatives or further 

augmentations.  

A6.4.1  Least-cost development path for Step Change  

Table 6 presents the timings of relevant network development options in the least-cost DP for Step Change with a 

subset of relevant alternative DPs that were tested during the process of determining the least-cost DP.  

The sample alternative DPs selected and contrasted below demonstrate: 

¶ The reason for selecting Sydney Ring South Option 2d over Sydney Ring South Option 2b (Alternative DP1). 

¶ The benefits provided by Queensland ² New South Wales Interconnector (QNI) Connect Option 2 over the 

larger QNI Connect Option 5 (Alternative DP2). 

Table 6  Subset of developments paths assessed in Step Change  

Network option  Earliest in -service 

date (EISD) 

Least-cost DP Alternative DP1  Alternative DP2  

Queensland SuperGrid North Option 1  2030-31 2044-45 2044-45 2044-45 

Queensland SuperGrid North Option 2  2032-33    

Gladstone Grid Reinforcement  2029-30 2030-31 2030-31 2030-31 

Queensland SuperGrid South Option 1  2028-29    

Queensland SuperGrid South Option 5  2031-32 2031-32 2031-32 2031-32 

QNI Connect Option 2  2033-34 2034-35 2034-35  

QNI Connect Option 5  2032-33   2034-35 

New England REZ Transmission Link 1  2028-29 2028-29 2028-29 2028-29 

New England REZ Transmission Link 2  2032-33 2034-35 2034-35 2034-35 

New England REZ Extension  2028-29 2030-31 2030-31 2030-31 

Hunter -Central Coast REZ Network 

Infrastructure Project  
2029-30 2030-31 2030-31 2030-31 

Hunter Transmission Project  2028-29 2028-29 2028-29 2028-29 

Sydney Ring South Option 2b  2030-31  2030-31  

Sydney Ring South Option 2d  2028-29 2029-30  2029-30 

HumeLink  2026-27 2029-30 2029-30 2029-30 

VNI West 2029-30 2029-30 2029-30 2029-30 

Project Marinus Stage 1  2030-31 2030-31 2030-31 2030-31 

Project Marinus Stage 2  2032-33 2048-49 2048-49 2048-49 

Waddamana to Palmerston transfer 

capability upgrade  
2029-30 2029-30 2029-30 2029-30 

VIC-SESA Option 1  2032-33    

Mid  North South Australia REZ Expansion  2029-30 2029-30 2029-30 2029-30 

Reduction in net market benefits ($ million) compared with the 

least -cost DP 
- 328 1,039 

Note: Teal-coloured text highlights those projects that are delivered at their EISDs, and empty rows mean the corresponding projects are not delivered 

within the outlook period. 
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It is important to note that Hunter Transmission Project is an upgrade to the flow capacity to Sydney, Newcastle, 

and Wollongong subregion north of Sydney while Sydney Ring South Option 2b and Sydney Ring South Option 

2d are upgrades to the flow capacity south of Sydney. Since the Draft 2024 ISP, further analysis of Sydney Ring 

South options have been conducted, and are presented here. The case for Hunter Transmission Project has not 

significantly changed since the Draft 2024 ISP and is presented in Section A6.6.2. 

The following sections provide an overview of the comparisons between these DPs and the insights they provide 

on the optimal timing, costs, and benefits of a set of projects. 

Benefits of developing Sydney Ring South  

Alternative DP1 explores the potential benefits of developing Sydney Ring South Option 2b to support supply to 

the Sydney, Newcastle, and Wollongong subregion. This is instead of Sydney Ring Option 2d which is included in 

the least-cost DP for Step Change. Both the least-cost DP and Alternative DP1 develop the Sydney Ring South 

augmentation at their respective EISDs. 

Sydney Ring South Option 2d, while not providing any additional transfer capacity to the CNSW-SNW flow path, 

improves power flow sharing between the northern and southern segments of the flow path and as a result allows 

greater generation transfer from Southern New South Wales into the Sydney, Newcastle and Wollongong 

subregion, at a cost of $235 million in 2029-30. In comparison, Sydney Ring South Option 2b provides an upgrade 

of 1,200 MW to the southern limit of the CNSW-SNW flow path, but with a later EISD of 2030-31 and higher cost at 

$975 million. 

Table 7 shows the benefits of developing Sydney Ring South Option 2d at its EISD, one year earlier than Sydney 

Ring South Option 2b. While the larger Option 2b delivers modest savings in deferred generator and storage 

capital costs, these are outweighed by the higher augmentation cost. This means Sydney Ring South Option 2d is 

the preferred augmentation option in Step Change. 

Table 7  Relative market benefits of the least -cost DP compared to Alternative DP1  (which has Sydney Ring South 

Option 2 b instead), Step Change  

Class of market benefits  Relative market benefits (NPV, $ million)  

Generator and storage capital deferral  -35  

Fixed operating and maintenance cost savings  -6  

Fuel cost savings  -30  

Variable operating and maintenance cost savings  -1  

Voluntary and involuntary load shedding reductions  -5  

Other network investment (REZ augmentations)  7  

Gross market benefits excluding emissions  -71  

Emissions reduction  benefits  -10  

Gross market benefits  -81  

Network (Actionable and Future ISP Projects)  408  

Total market benefits  328  
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Compared with Sydney Ring South Option 2d, development of Sydney Ring South Option 2b delivers relatively 

small generator and storage capital deferral benefits. The larger Sydney Ring South Option 2b also would enable 

greater flows from Southern New South Wales into the Sydney load centre along the southern segment of the 

CNSW-SNW flow path, which leads to fuel cost savings due to a reduction in GPG in the SNW subregion. These 

savings are relatively small in magnitude compared to the increase in cost of Sydney Ring South Option 2b 

however, hence the preference for Sydney Ring South Option 2d in the least-cost DP. 

An assessment of the benefits that Sydney Ring South Option 2d provides on its own are explored in further detail 

in A6.6.2. 

Benefits  of developing QNI Connect  options  

The least-cost DP in Step Change sees the development of QNI Connect Option 2, which provides an increase to 

notional transfer capability of 1,260 MW from New South Wales to Queensland and 1,700 MW for flows in the 

reverse direction towards New South Wales with a cost of $2,764 million25 in 2034-35. QNI Connect Option 2 

helps support Queensland following a number of coal closures ² in this scenario, all Queensland coal generators 

are forecast to be retired by 2034-35, driving its optimal timing in the least-cost DP.  

While QNI Connect Option 2 is part of the least-cost DP, there is a limit on how efficient earlier expansion of the 

interconnection between New South Wales and Queensland is, as explored in Alternative DP2. In this alternative 

DP, the larger and more expensive QNI Connect Option 5, which has a notional transfer increase of 3,000 MW in 

the forward direction (from New South Wales to Queensland) and 2,250 MW in reverse direction and costs 

$5,750 million in 2034-35), is developed instead. Its northerly transfer capacity is almost double that of QNI 

Connect Option 2 while also providing over 500 MW of higher southerly transfer capacity. 

Development of the larger option primarily results in fuel cost savings by reducing the utilisation of GPG in 

Queensland and New South Wales. 

The larger QNI Connect Option 5 improves transfer capacity from northern New South Wales to south-west 

Queensland, however it is impacted by transmission bottlenecks between south-west Queensland and the south-

east Queensland load centre. Full utilisation of the northerly transfer limit will at times be limited by this constraint, 

until additional upgrades to the south-west Queensland network are also developed by 2036-37 to accommodate 

increased flows into Queensland. 

As Table 8 shows, the development of the smaller augmentation (QNI Connect Option 2) is forecast to provide a 

reduction in fuel cost savings amounting to $117 million, compensated by the smaller augmentation cost relative 

to the larger Option 5 ($1.2 billion in net present value). The net effect is that Option 2 results in an overall 

increase in relative benefits relative to Option 5.  

As outlined in Appendix 2, the least-cost DP reflects the coal closure expectations outlined in the Queensland 

Energy and Jobs Plan and includes the development requirements of the Queensland Renewable Energy Target 

(QRET). While Borumba Dam Pumped Hydro is classified as an anticipated project, the Pioneer-Burdekin Pumped 

Hydro Project is not, and the least-cost DP does not develop quite the scale of deep-storage as is equivalent to 

 

25 As per AEMO®s transmission cost escalation methods described in the 2023 Transmission Expansion Options Report, costs in this appendix 

have been escalated to the relevant year as required, compared to figures provided in Appendix 5. 
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this project to the same timeframe. Rather, there is increased use of southern renewable generation and firming 

capacity shared across the QNI Connect augmentation in the least-cost DP.  

Table 8  Relative market  benefits of least -cost DP compared with  Alternative DP2 (which has a larger QNI 

Connect augmentation  instead) , Step Change   

Class of market benefits  Relative market benefits (NPV, $ million)  

Generator and storage capital deferral  0  

Fixed operating and maintenance cost savings  -7  

Fuel cost savings  -117  

Variable operating and maintenance cost savings  -1  

Voluntary and involuntary load shedding reductions  0  

Other network investment (REZ augmentations)  16  

Gross market benefits excluding emissions  -109  

Emissions reduction benefits  -35  

Gross market benefits  -145  

Network (Actionable and Future ISP Projects)  1,184  

Total market benefits  1,039  

Benefits  of the  least -cost development path compared with the counterfactual DP  

Table 9 provides a breakdown of the classes of market benefits delivered by the Step Change®s least-cost DP 

compared with the counterfactual DP where no new major transmission is developed across the NEM26. Savings in 

generator capital costs and fuel costs from avoided development and operation of GPG in the absence of 

transmission augmentation represent the majority of the gross market benefits in Step Change.  

 

26 Neither flow path nor REZ transmission augmentations are allowed in this counterfactual. This does not include connecting assets for new 

plants which will continue to connect to the existing network. 
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Table 9  Net market benefits of the least -cost DP compared with th e c ounterfactual DP  (which has no 

transmission development), Step Change    

Class of market benefits  Net market benefits (NPV, $ million)  

Generator and storage capital deferral  13,638  

Fixed operating and maintenance cost savings  -1,594  

Fuel cost savings  19,900  

Variable operating and maintenance cost savings  1,532  

Voluntary and involuntary load shedding reductions  -225  

Gross market benefits excluding emissions  33,251  

Emissions reduction benefits  -37  

Gross market benefits  33,214  

Other network investment (REZ augmentations)  -1,677  

Network (Actionable and Future ISP Projects)  -14,595  

Total market benefits  16,942  

 

Figure 7 shows that the annual net market benefits of the least-cost DP in Step Change compared with the 

counterfactual DP (when actionable ISP projects are earliest to install) come primarily from avoided generator 

capital expenditure and fuel cost savings.  

Without new transmission developments, additional capacity in renewable generation and firming capacity is 

needed earlier in the outlook period as coal retires and existing transmission limits the sharing of available 

capacity (as described in Section A2.3 of Appendix 2). Over the period to 2029-30, the counterfactual DP requires 

more gas and storage developments across most NEM regions to provide more firming resources, as well as more 

solar capacity to provide more energy production capability across the NEM. 

The establishment of REZs will often require new transmission to strengthen the connection to the backbone 

network and to enable renewable generation connections at scale. As transmission is not developed in the 

counterfactual, some REZ developments will make way to increasingly more costly alternatives, including flexible 

gas with carbon-capture and storage to limit the scale of carbon emissions. Operating this flexible gas increases 

fuel costs and would likely require other developments in gas supply and mid-stream infrastructure which are only 

partially considered in this analysis, as well as carbon storage infrastructure. See Appendix 4 for insights on the 

capability of the gas system to supply the least-cost DP in Step Change.  

Further comparisons of the capacity development and generation outcomes of the least-cost DP, and the Step 

Change scenario more broadly, are provided in Appendix 2. 
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Figure 7  Net market benefits of the least -cost DP relative to the counterfactual DP  in Step Change  

 

 

A6.4.2  Least-cost development path for Progressive Change  

Table 10 presents the timings of the network development projects in the least-cost DP for Progressive Change 

and a subset of alternative DPs. The selection of alternative DPs shown below demonstrate: 

¶ The relative market benefits of developing Project Marinus Stage 2 (Alternative DP3).  

¶ Reasons for preference for Queensland SuperGrid South Option 5 over the smaller Queensland SuperGrid 

South Option 1 (Alternative DP4). 

Table 10  Subset of developments paths assessed in Progressive Change   

Network option  Earliest in -service 

date (EISD) 

Least-cost DP Alternative DP3  Alternative DP4  

Queensland SuperGrid North Option 1  2030-31    

Queensland SuperGrid North Option 2  2032-33    

Gladstone Grid Reinforcement  2029-30 2034-35 2034-35 2034-35 

Queensland SuperGrid South Option 1  2028-29   2034-35 

Queensland SuperGrid South Option 5  2031-32 2034-35 2034-35  

QNI Connect Option 2  2033-34 2039-40 2039-40 2039-40 

QNI Connect Option 5  2032-33    

New England REZ Transmission Link 1  2028-29 2029-30 2029-30 2029-30 

New England REZ Transmission Link 2  2032-33 2041-42 2041-42 2041-42 

New England REZ Extension  2028-29 2039-40 2039-40 2039-40 
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Network option  Earliest in -service 

date (EISD) 

Least-cost DP Alternative DP3  Alternative DP4  

Hunter -Central Coast REZ Network 

Infrastructure Project  
2029-30 2029-30 2029-30 2029-30 

Hunter Transmiss ion Project  2028-29 2030-31 2030-31 2030-31 

Sydney Ring South Option 2b  2030-31    

Sydney Ring South Option 2d  2028-29 2038-39 2038-39 2038-39 

HumeLink  2026-27 2030-31 2030-31 2030-31 

VNI West 2029-30 2034-35 2034-35 2034-35 

Project Marinus Stage 1  2030-31 2030-31 2030-31 2030-31 

Project Marinus Stage 2  2032-33 2036-37  2036-37 

Waddamana  to Palmerston transfer 

capability upgrade  
2029-30 2029-30 2029-30 2029-30 

VIC-SESA Option 1  2032-33    

Mid  North South Australia REZ 

Expansion  
2029-30 2047-48 2047-48 2047-48 

Reduction in net market benefits ($ million) compared with the 

least -cost DP 
- 431 2,057 

Note: Teal-coloured text highlights those projects that are delivered at their EISDs, and empty rows mean the corresponding projects are not delivered 

within the outlook period. 

Benefits of developing Project Marinus Stage 2  

Table 11 presents the relative market benefits of delivering Project Marinus Stage 2 by 2036-37 in Progressive 

Change®s least-cost DP compared with Alternative DP3 which does not develop Project Marinus Stage 2 within the 

outlook period. 

Project Marinus Stage 2 provides additional transfer capacity of 750 MW in both directions between Victoria and 

Tasmania at an estimated cost of $2,718 million in 2036-3727. 

By comparing the least-cost DP with Alternative DP3, the majority of the benefits that Project Marinus Stage 2 

provides are identifiable, being primarily in generator and storage capacity deferral and fuel costs savings which 

amount to $432 million and $647 million respectively in NPV over the outlook period. 

Table 11  Relative  market benefits of developing Project Marinus Stage 2  towards the end of its actionable window 

compared to Alternative DP 3, Progressive Change  

Class of market benefits  Relative market benefits (NPV, $ million)  

Generator and storage capital deferral  432  

Fixed operating and maintenance cost savings  57  

Fuel cost savings  647  

Variable operating and maintenance cost savings  -18  

Voluntary and involuntary load shedding reductions  28  

Other network investment (REZ augmentations)  -7  

 

27 As per AEMO®s transmission cost escalation methods described in the 2023 Transmission Expansion Options Report, costs in this appendix 

have been escalated to the relevant year as required, compared to figures provided in Appendix 5. 
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Class of market benefits  Relative market benefits (NPV, $ million)  

Gross market benefits excluding emissions  1,139  

Emissions reduction benefits  172  

Gross market benefits  1,311  

Network (Actionable and Future ISP Projects)  -880  

Total market benefits  431  

 

The development of Project Marinus Stage 2 in 2036-37 in the least-cost DP for Progressive Change increases the 

utilisation of renewable resources in Tasmania ² including hydro generation from the existing hydro portfolio. 

Without the augmentation, greater use of GPG across the mainland NEM states is required. This results in fuel 

cost savings when Project Marinus Stage 2 is developed. 

Project Marinus Stage 2 also enables the development of additional capacity in Tasmania®s deep pumped hydro 

energy storages, avoiding the need for additional VRE, medium-depth storage and flexible gas capacity 

development on the mainland from the mid-2030s and providing capital deferral savings. 

The project also enables reduced emissions, valued at $172 million in NPV. These differences in capacity 

expansion lead to benefits amounting to $431 million in NPV with Project Marinus Stage 2. 

Benefits of developing Queensland SuperGrid South   

Alternative DP4 highlights the relative market benefits of the larger Queensland SuperGrid South Option 5 over 

Queensland SuperGrid South Option 1. In the least-cost DP for Progressive Change, Queensland SuperGrid 

South Option 5 is developed in 2034-35 and in Alternative DP4, Queensland SuperGrid South Option 1 is 

developed in its place, at the same timing. Queensland SuperGrid South Option 5 provides 3,150 MW of additional 

transfer between Southern Queensland and Central Queensland in both directions with a cost of $3,481 million in 

2034-35. Queensland SuperGrid South Option 1 is a much smaller capacity option, with less than a third of the 

transfer capacity (900 MW in both directions) and a cost of $871 million in 2034-3528. 

As Table 12 shows, greater benefits are accrued with the development of the larger Option 5, mainly coming from 

avoided generator and storage capital investments (estimated to be $1.9 billion in NPV terms) and from fuel cost 

savings and emissions reduction benefits of $608 million and $454 million respectively. Overall, the larger option 

results in higher net market benefits of $2.1 billion (after accounting for the higher cost of the augmentation). The 

augmentation increases access to the firming capacity provided by  the anticipated Borumba Dam Pumped Hydro, 

as well as allowing greater energy and capacity sharing between South and Central Queensland.  

Table 12  Relative market  benefits of least -cost DP compared with  Alternative DP 4 (which has smaller Queensland 

SuperGrid  South), Progressive Change  

Class of market benefits  Relative market benefits (NPV, $ million)  

Generator and storage capital deferral  1,872  

Fixed operating and maintenance cost savings  132  

 

28 As per AEMO®s transmission cost escalation methods described in the 2023 Transmission Expansion Options Report, costs in this appendix 

have been escalated to the relevant year as required, compared to figures provided in Appendix 5. 
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Class of market benefits  Relative market benefits (NPV, $ million)  

Fuel cost savings  608  

Variable operating and maintenance cost savings  35  

Voluntary and involuntary load shedding reductions  23  

Other network investment (REZ augmentations)  -27  

Gross market benefits excluding emissions  2,644  

Emissions reduction benefits  454  

Gross market benefits  3,098  

Network (Actionable and Future ISP Projects)  -1,040  

Total market benefits  2,057  

 

The improved access to the Borumba Dam Pumped Hydro and additional sharing capability between Southern 

and Central Queensland with the larger option (Queensland SuperGrid South Option 5) alleviates the need for 

firming investment in medium-depth and deep utility storage (1.4 GW across Queensland in 2034-35) and flexible 

gas capacity (300 MW in Southern Queensland in 2034-35). Additionally, the larger augmentation improves the 

utilisation of utility-scale solar in Queensland ² mainly in the Wide Bay REZ. 

Benefits of the least -cost development path compared with the counterfactual DP  

Table 13 provides a breakdown of the classes of market benefits delivered by the least-cost DP in Progressive 

Change compared with the counterfactual DP29. Generator capital cost deferral, fuel cost savings, and emissions 

reduction benefits each represent roughly one third of the gross market benefits of the least-cost DP in Progressive 

Change.  

Net market benefits have increased by approximately $6.8 billion from the Draft 2024 ISP, primarily from the 

inclusion of emissions reduction benefits. 

Table 13  Net market benefits of the le ast-cost DP compared with the  counterfactual DP  (which has no 

transmission development), Progressive Change   

Class of market benefits  Net market benefits (NPV, $ million)  

Generator and storage capital deferral  8,817  

Fixed operating and maintenance cost savings  1,056  

Fuel cost savings  8,968  

Variable operating and maintenance cost savings  278  

Voluntary and involuntary load shedding reductions  -75  

Gross market benefits excluding emissions  19,045  

Emissions reduction benefits  8,196  

Gross market benefits  27,240  

Other network investment (REZ augmentations)  -735  

 

29 Neither flow path nor REZ transmission augmentations were allowed in this counterfactual. This does not include connecting assets for new 

plants which will continue to connect to the existing network. 
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Class of market benefits  Net market benefits (NPV, $ million)  

Network (Actionable and Future ISP Projects)  -12,108  

Total market benefits  14,398  

 

Emissions reduction benefits comprise a significant portion of the gross market benefits in Progressive Change 

compared to the other two scenarios. This is due to the more relaxed emissions budget in this scenario which 

leads to increased use of gas-powered generation in the counterfactual and a greater divergence of emissions 

pathways between CDPs. 

Figure 8 shows that the annual net market benefits of the least-cost DP in Progressive Change start accruing from 

2030-31 from fuel cost savings, emissions reduction benefits, and generator and storage capital deferral. While 

these benefits grow rapidly from 2035-36, the transmission development costs in the least-cost DP also increase. 

Without transmission investment, the counterfactual DP relies on the development of GPG (around 1 GW from 

2030-31 rising to 3.7 GW by 2041-42), medium and deep storages (at least 3.5 GW from 2034-35), and utility solar 

capacity. The increasing GPG capacity and utilisation results in greater fuel costs and higher emissions, which 

grow from the mid-2030s. Avoiding these fuel costs and reducing emissions represents the largest components of 

net benefit for the least-cost DP, avoiding high utilisation of GPG that is increasingly relied upon in the 

counterfactual DP due to the lack of network capacity to share resources across the NEM. 

Appendix 2 provides further analysis of the differences in generation and storage development between the 

least-cost DP and counterfactual DP. 

Figure 8  Net market benefits of the least -cost DP relative to the counterfactual DP  in Progressive Change  
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A6.4.3  Least-cost development path for Green Energy Exports  

Table 140 presents the timing of various transmission expansion options in the least-cost DP for Green Energy 

Exports and in a subset of alternative DPs. The Green Energy Exports scenario features relatively high economic 

growth and a strong commitment to decarbonise the economy, with the NEM providing a critical contribution.  

The scenario therefore features the fastest rate of transformation, which in turn leads to greater need for the 

development of infrastructure. When contrasted with the least-cost DP, the alternative DPs selected demonstrate: 

¶ How the Victoria to South East South Australia (VIC-SESA) augmentation (Option 1) does not deliver sufficient 

market benefits (Alternative DP5). 

¶ The potential need for greater augmentation to the Sydney, Newcastle, and Wollongong subregion (Alternative 

DP6), given the higher growth forecast in the Green Energy Exports scenario. 

The following sections provide an overview of the comparisons between these DPs and the insights they provide 

on the optimal timing, costs, and benefits of a selection of projects. 

  












































































































































































































