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Important notice 

PURPOSE 

AEMO has published the Integrated System Plan pursuant to its functions under section 49(2) of the National Electricity 

Law (which defines AEMOõs function as National Transmission Planner) and section 5.20 of the National Electricity 

Rules and its broader functions to maintain and improve power system security.  

DISCLAIMER 

This report contains data provided by or collected from third parties, and conclusions, opinions, assumptions or 

forecasts that are based on that data.  

AEMO has made every effort to ensure the quality of the information in this report but cannot guarantee that the 

information, forecasts and assumptions in it are accurate, complete or appropriate for your circumstances. This report 

does not include all of the information that an investor, participant or potential participant in the national electricity 

market might require, and does not amount to a recommendation of any investment. 

Anyone proposing to use the information in this report should independently verify and check its accuracy, 

completeness and suitability for purpose, and obtain independent and specific advice from appropriate experts. 

This document or the information in it may be subsequently updated or amended. This document does not constitute 

legal or business advice, and should not be relied on as a substitute for obtaining detailed advice about the National 

Electricity Law, the National Electricity Rules, or any other applicable laws, procedures or policies. AEMO has made 

every effort to ensure the quality of the information in this document but cannot guarantee its accuracy or 

completeness.  

Accordingly, to the maximum extent permitted by law, AEMO and its officers, employees and consultants involved in 

the preparation of this document: 

¶ make no representation or warranty, express or implied, as to the currency, accuracy, reliability or completeness of 

the information in this document; and 

¶ are not liable (whether by reason of negligence or otherwise) for any statements, opinions, information or other 

matters contained or derived from this publication, or any omissions from it, or for any use or reliance on the 

information in it. 
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This Integrated System Plan (ISP) is a cost-based engineering optimisation plan by the Australian Energy Market 
Operator (AEMO) that forecasts the overall transmission system requirements for the National Electricity Market (NEM) 
over the next 20 years.  

ISP modelling incorporated a range of plausible scenarios to identify future demand for power from the system and 
likely market response. For the latter, the modelling applied technology-neutral analysis to identify the required level 
and likely fuel type of supply investments required to meet future needs. The ISP model used cost-based economic 
analysis, and integrated system security and reliability considerations, as well as expressed Commonwealth and State 
Government policies, to identify the transmission investments that will be necessary to support the long-term interests of 
consumers for safe, secure, reliable electricity, at the least cost, across a range of plausible futures. 

AEMOõs scenario analysis findings are largely constant, and provide the foundation for a robust, least-cost path for 
the NEM to adapt to and accommodate the rapid and transformative changes occurring in the energy sector. 

The ISP confirms numerous observations about the radical changes occurring in both the demand requirements and 
supply mix in the NEM. In contrast to the history of this sector, overall economic and population growth, and associated 
growth in demand for power, does not result in increased requirements for supply from the power system. Rather, the 
demand for power on the grid is flattening, due to the growth of rooftop photovoltaic (PV) and increasing use of local 
storage, as well as overall increases in energy efficiency. 

At the same time as demand from the power system is flattening, existing supply sources, particularly thermal 
resources, are ageing and approaching the end of their technical lives. These resources must be replaced at a time 
and at the locations required to continue to support a reliable and secure power system and to meet consumer 
demand for affordable power that also meets public policy requirements. 

It is in this context that the ISP has modelled and outlined targeted investment portfolios that can minimise total 
resource costs, support consumer value, and provide system access to the least-cost supply resources over the next  
20 years to facilitate the smooth transition of Australiaõs evolving power system. 

The result of this modelling and engineering analysis is the identification of those investments in the power grid that 
can best unlock the value of existing and new resources in the system, at the lowest cost, while also delivering energy 
reliably to consumers. 

Background to the ISP 

The comprehensive and transformational changes occurring throughout the energy sector are well documented. In 
previous decades, the Australian and worldwide power industries have experienced structural change through 
regulatory liberalisation, the formation of competitive markets, and incremental improvements in supply efficiency. 

In the current period, the changes are far more comprehensive and fundamental. The industry is now experiencing the 
simultaneous effects and benefits of digitalisation, ageing infrastructure, a markedly and rapidly changing cost 
structure in both supply and storage, flattened and even negative demand growth, the impacts of climate change, 
cyber security concerns, and a profound change in consumer preferences and expectations for the industry.  

These changes collectively are impacting the production, transmission, and consumption of power at an unprecedented 
rate. What is not changing, however, are the essential need for cost-effective and reliable power for the overall 
economic welfare of society, the capital-intensive nature of the industry, and the physical requirements governing the 
complex and integrated characteristics of the power system.  

Whenever an industry undergoes the level of transformative change the power industry is experiencing, a level of 
disruption is to be expected. However, when that change occurs in an essential industry such as energy, neither 
economic nor physical failure, even for a short time period, is an acceptable outcome. In this circumstance, it is essential 
to have independent engineering and evidence-based planning around forecastable changes across the spectrum of 
the supply and demand equation and consumer and investor preferences.  

By providing a forecast plan of a likely range of outcomes, this ISP helps identify the desirability of proactive policy, 
regulatory, and market reforms in the public interest. Collectively, these actions can simultaneously identify required 
and likely investments, provide pathways for orderly retirements and investment in new resources that can best meet 
established and new policy and economic objectives, and enable broad innovation through the removal of existing 
and emerging barriers to entry and competition. As a result, the transition can occur in a much more orderly manner, 
reduce the risk of failure from uncontrollable and unplanned events, and help ensure the public interest in reliable, 
affordable energy is met, in the context of government energy policies, including emission standards.  
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As the national transmission planner, AEMO is required to review and publish advice on the development of the 
transmission grid across the NEM, to provide a national strategic perspective for transmission planning and 
coordination, and to publish an annual 20-year outlook for NEM transmission planning, the National Transmission 
Network Development Plan (NTNDP). This ISP and associated material meet these responsibilities and fulfil the 
requirements of the NTNDP. 

In October 2016, the Council of Australian Governments (COAG) energy ministers agreed to establish the 

Independent Review into the Future Security of the National Electricity Market, chaired by Dr Alan Finkel AO, 
Australiaõs Chief Scientist. The òFinkel Reviewó provided a Blueprint for the Future Security of the NEM1, with 
recommendations to deliver a smooth transition for the changing power system, and for energy consumers across  
the NEM. The Blueprint highlighted the need for better system planning as one of the three pillars required to achieve 
the following:  
 

 Enhanced system planning will ensure that security is preserved, and costs managed, in each region as the generation 

mix evolves. Network planning will ensure that new renewable energy resource regions can be economically accessed. 

Independent Review of the National Electricity Market (Finkel Review) 

 

The Finkel Reviewõs planning recommendations were agreed to by COAG energy ministers and this, as the first ISP, is 

an important step in enhancing system planning and fulfils specific recommendations in the Blueprint. 

The Finkel Review also outlined the extensive technological and economic changes facing the NEM, and understood the 
scale of transition needed. But these changes are not only in the future. AEMOõs experience clearly shows change is 
underway now and evident in trends in both consumer behaviour and investor interest. Integrated system planning is 
particularly important in this context and at this stage in the transformation of the national power system.  

AEMO has developed the ISP based on its own experience as the system and market operator and planner, as well 
as through extensive consultation with stakeholders, input from expert consultants, and collaboration with transmission 
network service providers (TNSPs). The ISP has been developed through rigorous modelling and analysis, using 
established engineering, cost, and system security models and analytic frameworks, and internal and external reviews 
to help further validate core assumptions and findings. 

The National Energy Market and integrated grid 

The NEM provides a mechanism for trade in electricity across eastern and south-eastern Australia. It realises multiple 
benefits for consumers by its ability to take advantage of diversity in both supply and demand, maximising the use of 
lower-cost resources available at any time, sharing the needs for reserves, and allowing more effective commitment 
and dispatch of inflexible plant across the larger consumer base. As elaborated in this plan, the benefits of a 
geographically diverse resource mix and the ability to easily flow energy into and out of regions based on real-time 
circumstances grow exponentially over the 20-year plan period and into the future. The NEM also supports new 
investment to meet consumer demand in each region, while the ability to trade across regional boundaries allows more 
flexibility and choice in the nature and location of investment. 

The NEM is underpinned by the integrated grid. The integrated grid in the NEM is one of if not the longest 
interconnected power system in the world, which hosts the lowest level of proportionate demand. The generation mix 

across the power system has a growing proportion of supply from variable renewable energy sources (requiring 
careful management and balancing of the system), an increasing proportion of non-synchronous generation, and a 
growing proportion of supply from distributed energy resources (DER), primarily rooftop solar PV. This combination of 
attributes is leading AEMO to become one of the recognised worldwide leaders in the complex operation of large 
power systems with substantial volumes of variable renewable and distributed generation. 

Over the 20-year plan period, AEMO anticipates the retirement of a substantial portion of the NEMõs conventional 
generation fleet. A significant number of coal-fired generators in the NEM have either advised that they are closing or 
will reach the expected end of technical life in this plan period. Collectively, the generators expected to retire by 
2040 produce around 70 terawatt hours (TWh), or 70,000 gigawatt hours (GWh), of energy each year. This is close 
to one-third of total NEM consumption. In addition to providing critical energy production and dispatchable power, 
conventional generators have also traditionally been relied on to provide essential grid security services, such as 
inertia, system strength, and frequency control. 

                                                      
1 Independent Review into the Future Security of the National Electricity Market, June 2017, available at https://www.energy.gov.au/government-priorities/energy-

markets/independent-review-future-security-national-electricity-market. 

https://www.energy.gov.au/government-priorities/energy-markets/independent-review-future-security-national-electricity-market
https://www.energy.gov.au/government-priorities/energy-markets/independent-review-future-security-national-electricity-market
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The ISP modelling identifies investment portfolios that can minimise total resource costs and the targeted transmission 
investment, as well as the development of selected REZs, necessary to achieve the lowest level of replacement 
investment costs. 

To support an orderly transition, ISP analysis demonstrates that, based on projected cost, the least-cost transition plan 
is to retain existing resources for as long as they can be economically relied on. When these resources retire, the 
modelling shows that retiring coal plants can be most economically replaced with a portfolio of utility-scale renewable 
generation, storage, DER, flexible thermal capacity, and transmission.  

Within the plan period, under AEMOõs Neutral ISP planning scenario, the analysis projects the lowest cost replacement 
(based on forecasted costs) for this retiring capacity and energy will be a portfolio of resources, including solar 
(28GW), wind (10.5 GW) and storage (17 GW and 90 GWh), complemented by 500 MW of flexible gas plant 
and transmission investment. This portfolio in total can produce 90 TWh (net) of energy per annum, more than 
offsetting the energy lost from retiring coal fired generation. 

This ISP reveals how targeted investment in new transmission will minimise the overall cost and support consumer value 
by making better use of existing plant, including DER, lower fuel and operating costs and operating risk by a more 

inter-regionally connected system, and provide system access to the least-cost supply resources that can replace the 
retiring coal plant. 

In the NEM, market participants make investments in generation and storage in response to consumer demand and 
relevant government policies. The underlying assumption in the ISP is that, in an efficient and competitive market, 
investors will choose the lowest-cost overall solution. When, as we are experiencing in the NEM, the new supply profile 
is different to the pre-existing one, both by type and location, it is necessary to take a more holistic and integrated 
approach to determine the regulated transmission investment which will support efficient market investment in 
generation and storage, and lead to the overall lowest-cost solution. To do otherwise would be to reduce the 
opportunity for market participants to invest in those resources that can produce the best outcome for consumers.  

The investment costs associated with replacing old and retiring infrastructure with new plant, in one of the most 
capital-intensive industries, are significant and unavoidable. AEMOõs modelling shows that the total investment 
required to replace the retiring generation capacity and meet consumer demand has an NPV cost of between  
$8 billion and $27 billion, depending on assumptions made around economic growth and rate of industry 
transformation. This level of capital investment is going to be needed, irrespective of this plan.  

However, modelling shows that by spending 8% to 15% of this total capital investment on transmission rather than 
generation, efficiency gains are achievable. The ISP conservatively projects total system cost savings ranging between 
$1.2 billion and $2.0 billion with the integrated approach and new transmission investment in the ISP. These forecast 
savings do not take into account all the market benefits associated with a more robust transmission network, including, 
for example, the benefits of greater level of competition, increased resilience, and a more flexible and adaptable 
system. Conversely, ISP modelling projects that a less interconnected network will increase consumer costs and risks, 
through greater reliance on local gas-powered generation (GPG), reduced benefit from renewable resource diversity 
and storage diversity, and greater risk of local system failure.  

Transmission investment recommended for immediate action in this ISP is estimated to be between $450 million and 
$650 million. Once spread over the life of the assets, this is equivalent to less than 1% of the annual transmission and 
distribution investment in the current regulatory cycle ($6.2 billion per year)2. 

Key observations for the future of a successful NEM 
 

Changes in demand for power from the grid: 

¶ The plan demonstrates the transformative impact distributed energy resources (DER), primarily rooftop PV 
and, increasingly, distributed storage, are having on the power system.  

¶ Economic growth and population growth no longer result in changes in the overall need for power from the 
grid, due to the counterbalancing impacts of distributed energy at consumersõ locations.  

¶ Increases in electric vehicles will impact the uses of power, but over the plan period they are forecast to have 
a small impact on overall grid-based demand. 

¶ For the power system to provide consumer value, a transition plan that supports the delivery of reliable 
power at the lowest cost is essential. 

                                                      
2 Australian Energy Regulator (AER), State of the Energy Market (May 2017), Section 3.7.1 (p. 111), available at https://www.aer.gov.au/publications/state-of-the-

energy-market-reports/state-of-the-energy-market-may-2017. 

https://www.aer.gov.au/publications/state-of-the-energy-market-reports/state-of-the-energy-market-may-2017
https://www.aer.gov.au/publications/state-of-the-energy-market-reports/state-of-the-energy-market-may-2017
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A portfolio approach: 

¶ Maintaining existing coal-fired generation up to the end of its technical life is a key element of a least-cost 
approach.  

¶ When existing thermal generation reaches the end of its technical life and retires, the most cost-effective 
replacement of its energy production, based on current cost projections, is a portfolio of utility-scale 
renewable generation, energy storage, distributed energy resources (DER), flexible thermal capacity 
including gas-powered generation (GPG), and transmission. 

¶ There is a growing need for energy storage over the next 20 years to increase the flexibility and reliability 
of supply.  

¶ All scenarios in the ISP project a growing proportion of supply will come from DER. This is consistent with 
observed trends, where residential, industrial, and commercial consumers are investing in rooftop PV at the 
highest rate ever, and there is increasing interest in battery storage and load management.  

The crucial role of transmission: 

¶ The projected portfolio of new resources involves substantial amounts of geographically dispersed renewable 
generation, placing a greater reliance on the role of the transmission network. A much larger network 
footprint with transmission investment will be needed to efficiently connect and share these low fuel cost 
resources. 

¶ Increased investment in an interconnected grid provides the flexibility, security, and economic efficiency 
associated with a power system designed to take maximum advantage of existing resources, integrate 
variable renewable energy, and support efficient competitive alternatives for consumers. 

¶ Transmission investments will also help manage the risk of anticipated but uncontrollable climate effects such 
as bushfires, droughts (both water and wind), and heatwaves.  

¶ AEMO estimates that the additional transmission investment proposed in the ISP would conservatively deliver 
savings of around $1.2 billion on a net present value (NPV) 3 basis, compared to the case where no new 
transmission is built to increase network capabilities between regions (in the modelled Neutral case). The new 
inter-regional transmission is projected to more than pay for itself through efficient investment in, and use of, 
generation and storage across the NEM. Other important benefits associated with the plan, but not quantified 
in the modelling, include benefits arising as a result of enhanced competition and improved power system 
resilience. 

¶ The value of the identified transmission investment can be quantified by comparing total costs of supply 
against a ôno new interconnectionõ option. In the modelled case without a more strongly interconnected grid, 
consumer demand was projected to be met, but through more costly investment in generation and storage, 
and greater use of GPG. This analysis projects that without further network development, consumers would 
pay more for energy. 

Renewable energy zones (REZs): 

¶ The ISP has identified a number of highly valued REZs across the NEM with good access to existing 
transmission capacity. To connect renewable projects beyond the current transmission capacity, further action 
will be required.  

¶ The ISP considers how to best develop REZs in future that are optimised with necessary transmission 
developments, identifying indicative timing and staging that will best coordinate REZ developments with 
identified transmission developments to reduce overall costs. 

Distributed energy resources (DER) and inter-regional development: 

¶ The High DER scenario shows the potential for even greater use of DER to lower the total costs to supply, with 
the NPV of wholesale resource costs reduced by nearly $4 billion, compared to the Neutral case. In this 
scenario, the projected need for utility-scale investment and intra-regional transmission development to 
provide access to the incremental REZs is reduced, however it still illustrates the need for greater increased 
national transmission capacity to take advantage of diversity and better utilise dispatchable resources.  

¶ The analysis in the ISP only addresses wholesale level costs, and further work is required to quantify the 
overall value of DER to consumers. This will require markets which support efficient integration of DER and 

                                                      
3 The present value of a future cash flow represents its worth right now. The net present value (NPV) is the sum of the present values of all future cash flows (both positive 

and negative). The NPV is commonly used in cost-benefit analysis to assess the economic impacts of policies and projects. 
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changes to the distribution system, including system management tools and market interfaces, to maintain 
security, reliability, and power quality with increased DER.  

Power system requirements: 

¶ Due to the changes in technology, the transformation requires the adoption of new technologies and 
approaches to provide services needed to operate the power system that are currently provided 
predominantly by thermal generation. 

¶ The engineering study undertaken of the power system identifies future requirements in voltage control, 
system strength, frequency management, power system inertia, and dispatchability. These requirements can 
be met and system security maintained by procuring services from the market, through network services and 
by the technical standards set for new plant connecting to the grid. Some recommendations are made to 
manage system strength in the future and to improve the updating of technical standards.  

Timing of development plan: 

¶ AEMO looked at various transmission reinforcement options, assessing the costs and time to implement these 
relative to modelled benefits, to determine the optimum immediate investments and staging of future 
development. 

¶ The ISP delivers economic benefits under all scenarios. The timing of some elements varies under different 
assumptions, particularly relating to the rate of change and the progress of proposed major energy storage 
initiatives. 

An integrated pathway for development of the power system 

The result of this modelling and engineering analysis is the identification of those investments in the power grid that 
can best unlock the value of existing and new resources in the system, at the lowest cost, while also delivering energy 
reliably to consumers.  

The modelling is consistent with current experience in the NEM, where new renewable generation is being proposed 
and commissioned at high rates. Some of this generation is incentivised through the Commonwealthõs renewable 
energy target, and renewable energy schemes in Victoria, Queensland, and the Australian Capital Territory. 
However, the rate of build and continuing extent of interest in further investment indicates that at least some of the 
investment is driven by the reducing costs of renewable generation and encouraged by an expectation of future 
government policy in the National Energy Guarantee to support generation with low emissions. 

As a result of the connection of this generation, and the expected connection over the next few years, there is a need 
to increase the capability of the transmission system, to reduce congestion and provide generators, existing and new, 
with cost-effective access to markets. The retirement of conventional generation over recent years, and expected 
retirement of Liddell in 2022, also drive benefits from transmission development to improve the reliability and 
resilience of the system and to allow the efficient use of existing generation resources.  

In the medium term, to the mid-2020s, there is an increasing need for significant levels of energy storage in the 
portfolio of new energy sources required for continued reliability and security. The transmission grid needs to be 
developed to support the connection of the generation and storage options with the lowest cost, co-optimising 
investment in transmission, storage, and generation across the market and optimising the use of all resources. 

In the longer term, in the run up to and after the bulk of expected coal retirements in the mid-2030s, the plan shows 
the need for further transmission to deliver a more integrated and resilient power system. The elements of this plan 
have been grouped into three phases, based on the timing of the need and the scale and time to construct, taking 
advantage of any time available to refine each element. 

The overall plan delivers economic benefits under all scenarios, although the timing of some elements varies under 
different assumptions, particularly relating to the rate of change and the progress of proposed major energy storage 
initiatives.  

Group 1: Near-term construction to maximise economic use of existing resources 

Immediate action is required to maximise the economic use of existing low-cost generation. Investment is also required 
to facilitate the development of projected new renewable resources to replace retired and retiring resources, and to 
provide essential system security. 

To enable these benefits, the ISP identifies two relatively minor transmission augmentations that would increase 
transfer capacity among New South Wales, Victoria and Queensland, providing immediate reliability4 and economic 

                                                      
4 In the first week of June 2018, New South Wales experienced reserve shortages due to an unforeseen combination of generation outages coinciding with low wind and 

solar conditions. A 360 MW increase in New South Walesõ import capacity would have resolved these Lack of Reserve (LOR) 2 conditions.  
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benefits by increasing competitive alternatives to consumers. The transmission is projected to benefit consumers in all 
regions by making better use of existing investment and creating greater market opportunities for new investment, 
including any required and planned new local generation capacity in New South Wales.  

These minor transmission upgrades will save on total system costs by improving productive efficiencies. In the absence 
of strong operational demand growth, greater interconnection across the NEM would increase efficient utilisation of 
existing and committed resources, reducing reliance on higher-cost GPG, allowing coal-fired generators to operate 
within more efficient ranges, and providing immediate benefits to consumers by relieving network congestion.  

In conjunction with these network upgrades, the ISP identifies the need for synchronous condensers in South Australia to 
supply both system strength and inertia to the region. This is essential now, and will continue to be needed after the 
RiverLink interconnector (the new South Australia to New South Wales interconnector discussed in Group 2) is 
developed to allow the most cost-effective use of South Australiaõs local generation.  

The REZs already developing in western Victoria and north-western Victoria warrant transmission investment to 
improve access to renewable generators in this area. Reducing congestion increases and diversifies the supply of 

renewable energy to the market, and improves productive efficiency from existing assets.  

AEMO recommends that these network investments be progressed as soon as possible, because of the identified 
benefits they provide immediately, and the support they deliver to achieve the highest consumer economic and system 
security and reliability benefits over a range of modelled plausible scenarios.  

 

Group 1 ð immediate investment in transmission should be undertaken, with completion as soon as practicable, to: 

¶ Increase transfer capacity between New South Wales, Queensland, and Victoria by 170-460 MW. 

¶ Reduce congestion for existing and committed renewable energy developments in western and north-western 
Victoria. 

¶ Remedy system strength in South Australia. 

In the Base plan, these initial transmission developments for Group 1 are costed at between $450 million and $650 
million, and the assets will continue to benefit consumers well beyond the 20-year ISP forecast period. 

 

Group 2: Developments in the medium term to enhance trade between regions, provide access to 

storage, and support extensive development of REZs 

The ISP shows that an interconnected energy highway would provide better use of resources across the NEM, through 
both access to lower-cost resources and realising the benefits of diversity from different resources in different 
locations with different generation profiles. The additional transmission also facilitates better use of the less flexible 
thermal (coal- and gas-fired) generation, which through enhanced interconnectivity can more efficiently meet the 
operational demand net of renewable generation. 

The proposed initiatives in Group 2 are of a larger scale and cost than those in Group 1, and require longer lead 
times to design and develop, however also provide larger benefits if they have timely implementation. Work needs to 
commence immediately on refining the requirements for the developments identified in Group 2, finalising the design, 
and establishing implementation processes and plans to support the lowest-cost outcomes for consumers. AEMO notes 

that the Energy Security Board (ESB) is undertaking a review on how to best integrate the ISP with the regulatory 
approval processes, and suggests that these type of significant and necessary projects are suitable for consideration 
in this process. 

The analysis in the ISP supports a new interconnection between South Australia and New South Wales (RiverLink). The 

ISP has identified a range of further expected benefits from RiverLink, which as well as improving resilience for South 
Australia, would enable connection of large amounts of renewable energy resources from the Riverland to Murray 
REZ, as well as improving inter-regional trade and competition, especially if linked to developments to support the 
Snowy 2.0 project in the 2020s and planned augmentation of the Victorian to New South Wales interconnection in 
Group 3. RiverLink is currently under assessment by ElectraNet as part of the South Australian Energy Transformation 
Regulated Investment Test (RIT-T)5. 

Other major transmission developments identified in the ISP that are about to commence assessment include the next 
stage of the Western Victorian transmission upgrades, augmentation of the Queensland ð New South Wales 
interconnection, and a minor augmentation of the existing Victoria ð South Australia transfer capacity.  

To support the flexibility and system security required of this future energy mix, the ISP shows a strong role for energy 
storage that can shift renewable energy production at scale and provide firming support as well as system security. 

                                                      
5 See https://www.electranet.com.au/projects/south-australian-energy-transformation/. 

https://www.electranet.com.au/projects/south-australian-energy-transformation/


 

© AEMO 2018 |  Integrated System Plan 9 
 

The ISP examines how the Snowy 2.0 and Battery of the Nation proposals fit this need. Specifically, the plan identifies 
that increases in interstate energy interchange to take advantage of location diversity, coupled with large-scale 
storage and flexible gas generation, are essential components of a system that relies on significant levels of variable, 
zero-fuel cost (and hence low marginal cost) renewable energy.  

To accomplish this, the model demonstrates the economic value of network investment to efficiently support 
development of the Snowy 2.0 and Battery of the Nation proposals.  

AEMO understands that a final decision to go ahead with the Snowy 2.0 project is likely before the end of 2018. 
When a final decision is made on the commitment of Snowy 2.0, a new link from Tumut to Bannaby (SnowyLink North) 
and associated works between Bannaby and Sydney West would provide system benefits. AEMO also understands 
that there is work being done to progress the Battery of the Nation initiative, which would provide additional pumped 
hydro storage in Tasmania for use across the NEM. A second interconnector linking Tasmania to the mainland NEM 
would be needed to support this project. 

AEMO will work with project proponents to refine the timing of the commissioning of these projects and requisite 

transmission investment for energy delivery. The relevant transmission developments are: 

¶ SnowyLink ð provides route diversity to harden the grid against extreme climate conditions, and unlocks high 
quality renewable energy resources, reducing connection costs for new renewable generation needed once the 
majority of the coal fleet retires. Without this interconnection, AEMOõs modelling indicates that more balancing 
services (such as GPG or energy storage) would be required to address the lack of diversity that arises from 
concentrating renewable generation in clusters. This link can be delivered in two stages ð a northern component 
(SnowyLink North) connecting Snowy 2.0 to Sydney, followed by a southern component (SnowyLink South) that 
enhances interconnection between Victoria and New South Wales. 

¶ MarinusLink ð facilitates development of Tasmania as either one or multiple REZs. This would be beneficial if 
further renewable generation development in Tasmania delivers the potential value highlighted by Battery of the 
Nation studies6. 

 

Group 2 ð action should be taken now, to initiate work on projects for implementation by the mid-2020s which would: 

¶ Establish new transfer capacity between New South Wales and South Australia of 750 MW (RiverLink). 

¶ Increase transfer capacity between Victoria and South Australia by 100 MW. 

¶ Increase transfer capacity between Queensland and New South Wales by a further 378 MW (QNI).  

¶ Efficiently connect renewable energy sources through maximising the use of the existing network and route 
selection of the above developments. 

¶ Coordinate DER in South Australia. 

AEMO will coordinate work with project proponents on a design for transmission networks to support strategic 
storage initiatives (Snowy 2.0 and Battery of the Nation). 

 

Group 3: Longer-term developments to support REZs and system reliability and security 

In the period from 2030 to 2040, a significant amount of the NEMõs coal-fired generation is expected to reach end of 
technical life and retire. As noted, given the scale of the investment and building time required, it will be important to 
retain existing coal-fired generators until the end of their technical life to maintain reliability. This approach is also 
cost-effective, because while existing generators still operate, they can generate at lower costs than new investment. 
Once these generators retire, a new generation mix based on renewables is projected to be lower-cost than new 
coal-fired generation. 

The ISP provides a coherent pathway to a more strongly interconnected grid by the mid-2030s. At this point, a more 
strongly interconnected grid will: 

¶ Provide access to a large capacity of conventional generation, renewable generation, and energy storage to 
meet consumer demand. 

¶ Provide the capacity to best locate and use those resources.  

¶ Take advantage of geographic, time, and resource diversity in renewable resources, and allow more efficient 
operation of coal-fired generation and GPG. 

                                                      
6 See https://www.hydro.com.au/clean-energy/battery-of-the-nation. 

https://www.hydro.com.au/clean-energy/battery-of-the-nation
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¶ Improve reliability and resilience of the system by allowing resources within and across regions to meet consumer 
demand and promote greater resilience. 

It is important to deliver the optimum mix in the portfolio of resources to minimise total cost of supply. While actual 
investment in generation and storage projects will be driven by market incentives and technology costs at the time, the 
transmission grid to support this requires planned, regulated investment.  

The strategic design and selection of a transmission route is critical. Cost savings are available if interconnectors pass 
through identified REZs and alleviate the need for intra-regional network extensions to remote locations. A view to 
future climate risk resilience will also influence route selection, with projected increases in extreme weather events and 
bushfires increasing the value of route diversity. 

The ISP proposes, in Group 3, strengthening interconnection between Victoria and New South Wales (SnowyLink) to 
improve resource sharing across the NEM and deliver fuel cost savings. This interconnector will also facilitate the 
efficient connection of new REZs within Victoria and New South Wales. 

A number of additional REZs will need to be accessed to unlock the low-cost resources required to replace the energy 

previously supplied by retiring coal-fired generators. This includes a number of new REZs in New South Wales and 
Queensland.  

There is time to consult on, refine, and finalise initiatives in Group 3, including the selection of preferred REZs and their 
timing. The refinement of the projects in this group will also include consideration of the timing of transmission 
development. Given potential increases in risk as generation units age, the planned investments should occur in 
sufficient time to provide a level of flexibility in the event of unexpected and unrepairable catastrophic plant failure. 

 

Group 3 ð in the longer term, to the mid-2030s and beyond, the capability of the grid should be enhanced to: 

¶ Increase transfer capacity further between New South Wales and Victoria by approximately 1,800 MW 
(SnowyLink). 

¶ Efficiently connect renewable energy sources through additional intra-regional network development. 

Next steps 

The 2018 ISP is a first, and very significant, step in adapting the national transmission system to meet current and 
future needs. The plan is robust and based on rigorous engineering analysis and established analytic frameworks.  
A program of work is outlined in the ISP to further refine the recommendations for groups 2 and 3 of the plan.  

AEMOõs modelling confirms that the NEM is at a critical point, and infrastructure planning decisions made over the 
next two years will shape the future of the east coast energy systems for decades to come. We look forward to 
collaborating with industry and government to progress developments that can support an affordable, reliable, 
secure, sustainable, and future-proof energy system for consumers across the NEM. 

AEMO will commence consultation on the ISP, including its inputs, methodology, and conclusions. Information supporting 
this document will be published, and an extended workshop will be held with stakeholders to aid consultation. Further 
information will become available on key projects, especially related to storage. This information will be reviewed 
and current trends analysed to confirm or refine findings. 

AEMO will work with project proponents and the Australian Energy Regulator (AER) to take the immediate actions 
recommended ð implementing the projects in Group 1 ð and will work with project proponents to progress design 
work on projects in Group 2. AEMO will also work with the ESB and other market bodies to develop a process for the 
development, approval, and implementation of these Group 2 projects, as well as the criteria used to implement 
future plans. The COAG Energy Council will also need to identify the actions it would take as part of this process.  

This ISP complements the intentions of the National Energy Guarantee, and other market rule and policy changes that 
have been accepted by the COAG Energy Council through its approval of the Finkel Review as the core foundations 
of a smooth transition. 

The ISP shows that the power system of the future will be substantially different to the power system of today. The ISP 
modelling optimises outcomes overall and, as such, these are not necessarily the outcomes that would emerge from the 
current regulatory structure. These issues are most appropriately addressed through a coordinated approach, 
supported through the ESB. AEMO looks forward to directly collaborating with market bodies through the ESB and 
market participants to ensure the regulatory and market arrangements are fit to best address the needs of power 
consumers, today and into the future. 
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The ISP has been developed through rigorous modelling and analysis, using established engineering cost and system 
security models and analytic frameworks. This report provided the outcomes of that analysis, and includes information 
previously released under a National Transmission Network Development Plan (NTNDP):  

¶ This chapter provides the context for the ISP and why it has been developed. 

¶ Chapter 2 outlines the modelling approach used (refer also Appendix F). 

¶ Chapter 3 outlines the projected mix of energy resources in the National Electricity Market (NEM). 

¶ Chapter 4 outlines AEMOõs assessment of renewable energy zones (REZs) in the NEM. 

¶ Chapter 5 outlines power system requirements that must be met. 

¶ Chapter 6 outlines the integrated development plan for the NEM over the next 20 years, including: 

- Developments for near-term construction. 

- Developments to around the mid-2020s that are of a larger scale and cost, are projected to deliver larger 
benefits, and on which work should also begin immediately to investigate and consult on requirements, designs, 
and implementation plans. 

- Longer-term developments identified for the later part of the 20-year outlook, on which there is more time to 
consult, including the selection of preferred REZs and their timing, and planning for transmission developments 
to support the portfolio of resources and deliver secure, reliable energy at the lowest total costs for consumers. 

¶ Chapter 7 outlines AEMOõs proposed next steps. 

¶ Appendices to the report provide more detail: 

- Appendix A provides AEMOõs review of REZs. 

- Appendix B provides key climate change projections that are expected to influence future energy 
infrastructure, supply, and demand in the NEM. 

- Appendix C provides details on AEMOõs assessment of system security over the coming five-year period and 
any new Network Support and Control Ancillary Services (NSCAS) gaps identified. 

- Appendix D provides details on the transmission developments proposed under this plan. 

- Appendix E provides AEMOõs responses to submissions received during consultation on the ISP in December 
2017. 

- Appendix F provides details on the methodology, approach and assumptions used in the analysis for the ISP.  

- A glossary to terms used in the ISP report and appendices. 

AEMO has also provided this additional information on its website: 

¶ ISP Input assumptions workbook7. 

¶ Interactive map ð visual presentation of ISP outcomes8. 

¶ 2017 Network Flows and Congestion data9. 

                                                      
7 AEMO, Integrated System Plan Assumptions Workbook. Available at: https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-

forecasting/Integrated-System-Plan. 

8 AEMO Interactive maps and dashboards. Available at http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Interactive-
maps-and-dashboards. 

9 AEMO publishes information on congestion within the Congestion Information Resource (CIR). The CIR provides a consolidated source of information relevant to the 
understanding and management of transmission network congestion (constraint) risk ð including information on where to find constraint data, policies, procedures, 

guidelines, CIR consultations, and education material. Available at: https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-
reliability/Congestion-information. 

https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Interactive-maps-and-dashboards
http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Interactive-maps-and-dashboards
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Congestion-information
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Security-and-reliability/Congestion-information
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1.1 AEMOõs responsibilities under the National Electricity Law 

The National Electricity Law establishes AEMOõs role as the ônational transmission plannerõ, giving it the following 

responsibilities:  
 

 (a)  to prepare, maintain and publish a plan for the development of the national transmission grid (the National 

Transmission Network Development Plan) in accordance with the Rules;  

(b)  to establish and maintain a database of information relevant to planning the development of the national 

transmission grid and to make the database available to the public;  

(c)  to keep the national transmission grid under review and provide advice on the development of the grid or 

projects that could affect the grid;  

(d)  to provide a national strategic perspective for transmission planning and coordination;  

(e)  any other functions conferred on AEMO under this Law or the Rules in its capacity as National Transmission 

Planner.  

National Electricity Law Part 5, Division 1, 49 (2) 

 

This scope, which took effect when AEMO was formed in 2009, expanded the scope of previous national transmission 
planning reports. AEMO must have regard to the National Electricity Objective (NEO) in carrying out its national 
transmission planner functions, and all its activities. The NEO is: 
 

 éto promote efficient investment in, and efficient operation and use of, electricity services for the long term interests 
of consumers of electricity with respect toñ  

(a) price, quality, safety, reliability and security of supply of electricity; and  

(b) the reliability, safety and security of the national electricity system. 

National Electricity Law Part 1, 2, 7 

 

The National Electricity Rules (NER) set out what factors AEMO must take into account in developing the NTNDP, and 
the minimum content requirements. As part of these requirements, the NTNDP must òconsider and assess an 
appropriate course for the efficient development of the national transmission gridó for a planning horizon of at least 
20 years. The work to develop this plan was undertaken under AEMOõs powers and functions as the national 
transmission planner. This report and the accompanying documentation fulfils all the requirements in the Rules of  
the NTNDP. 

1.2 The Finkel Review 

In October 2016, Council of Australian Governments (COAG) energy ministers agreed to an independent review of 
the NEM to take stock of its current security and reliability and provide advice to governments on a coordinated 
national reform blueprint. The Independent Review into the Future Security of the National Electricity Market was 
established with Dr Alan Finkel AO, Australiaõs Chief Scientist, as Chair of the Expert Panel responsible. 

The Review provided a Blueprint for the Future Security of the NEM10. The Blueprint outlined three key pillars to 

deliver the necessary outcomes: 

¶ Orderly transition to provide certainty and drive investment. 

¶ System planning to inform investment decisions and deliver an innovative, low emission, secure, and reliable  
power system.  

¶ Stronger governance to drive faster rule changes, overcome challenges, and deliver better outcomes. 

In recommending the need for better system planning, the review concluded that: 

¶ Better system planning should see AEMO having a stronger role in planning the future transmission network, 
including through the development of a NEM-wide integrated grid plan to inform future investment decisions.  

                                                      
10 Independent Review into the Future Security of the National Electricity Market, June 2017, available at https://www.energy.gov.au/government-priorities/energy-

markets/independent-review-future-security-national-electricity-market. 

https://www.energy.gov.au/government-priorities/energy-markets/independent-review-future-security-national-electricity-market
https://www.energy.gov.au/government-priorities/energy-markets/independent-review-future-security-national-electricity-market
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¶ Significant investment decisions on interconnection between states should be made from a NEM-wide perspective, 
and in the context of a more distributed and complex energy system. AEMO should develop a list of potential 
priority projects to enable efficient development of renewable energy zones across the NEM. 

This ISP is the initial implementation of the second pillar, improved system planning, as well as a specific 

recommendation (5.1) in the Finkel Review. 
 

 Improved system planning 

5.1 By mid-2018, the Australian Energy Market Operator, supported by transmission network service 

providers and relevant stakeholders, should develop an integrated grid plan to facilitate the efficient 

development and connection of renewable energy zones across the National Electricity Market. 

5.2 By mid-2019, the Australian Energy Market Operator, in consultation with transmission network 

service providers and consistent with the integrated grid plan, should develop a list of potential 

priority projects in each region that governments could support if the market is unable to deliver the 

investment required to enable the development of renewable energy zones. The Australian Energy 

Market Commission should develop a rigorous framework to evaluate the priority projects, including 

guidance for governments on the combination of circumstances that would warrant a government 

intervention to facilitate specific transmission investments. 

5.3 The COAG Energy Council, in consultation with the Energy Security Board, should review ways in which 

the Australian Energy Market Operators̃ role in national transmission planning can be enhanced. 

Recommendations from the Independent Review of the National Electricity Market (Finkel Review) 

 

A key element of the Finkel Review recommendations was the need for a system-wide grid plan: 

 

 The introduction of an integrated grid plan will inform investment decisions and ensure security is preserved in each 

region as the generation mix evolves. This will ensure that we can generate and deliver electricity more efficiently. 

Recommendations from the Independent Review of the National Electricity Market (Finkel Review) 
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The primary objective of the ISP is to identify a national, strategic plan to support development of the energy system 
which will deliver safe, reliable, and secure electricity at lowest cost and in the context of government policies.  

Regulated transmission investment is best characterised as a òhighway systemó. In a competitive market environment, 
transmission investment supports the retention and development of supply resources that represent the lowest total 
system cost, including both transmission and generation investment. By supporting the delivery of energy from the 
lowest-cost supply options, transmission enables the market to deliver value to consumers through greater competition 
and the opportunity for lower prices than would otherwise be required. In the next 20 years, there will be a need to 

make additional investment in the NEM to replace retiring coal plants and address ageing network infrastructure. The 
challenge is to determine how best to enable the set of regulated and market-based investments that can deliver the 
requisite energy to consumers at the lowest cost.  

The ISP needs to be able to support these expected trends and likely changes that are occurring on the energy system 
including retirement of existing generation, replacement with a portfolio of resources (utility-scale renewable 
generation, storage, distributed energy resources (DER), flexible thermal capacity, and transmission, with an orderly, 
low-cost transition facilitated by maintaining existing generation to end of technical life)11, and the corresponding 
need for greater power system flexibility. In this context, an affordable energy system that provides energy security 
and reliability must be optimised across the entire energy supply chain, from large-scale generation to the consumer 
level. 

The ISP identifies the transmission investments required to achieve that objective. AEMO will work with colleagues at 
the Energy Security Board (ESB) to identify what policy and regulatory changes are necessary and appropriate to 
facilitate the transition. AEMO notes, in this regard, that other jurisdictions throughout the Organisation for Economic 
Co-operation and Development (OECD) have engaged, and are engaging, in similar changes to their regulatory 
structures as they relate to transmission investment to support the industry in transition. 

The development of significant network infrastructure can take multiple years, and will last for many more. All future 
planning therefore needs to make recommendations, cognisant of future uncertainties. To meet the objective of 
planning and to be certain that the plan is robust and can readily meet current needs and adapt to possible changes, 
alternative scenarios must be considered. The goal is to use the scenarios to identify those investments that will provide 
clear consumer and system benefit under almost any probable future, and simultaneously avoid the risk of poor 
investment decisions resulting in poor economic outcomes for consumers and investors as well as a less secure, reliable, 
and resilient integrated power system. 

The analysis undertaken for each scenario requires a range of key inputs that can have significant impact on the 
system requirements. AEMO developed the range of inputs needed based on its own engineering and operations 
experience, observation of current trends, expert advice, and wide consultation with industry and government, and 
through robust modelling. These necessary inputs include a range of parameters or assumptions related to: 

¶ The retirement of existing coal-fired generators, as notified by their owners, or when they reach their expected 
end of technical life. 

¶ Operational demand12. 

¶ The cost and performance of the various supply options across a broad range of technologies, including thermal 
generation, storage, and renewable generation from the potential REZs identified. 

¶ A range of potential system investments. 

¶ The policies which will have a direct impact on the development of the power system. 

The key inputs and assumptions are discussed in Section 2.3, and the chosen scenarios are described in Section 2.7. 
The full set of data used in the ISP has been published separately13. 

For this ISP, AEMO has used an integrated energy approach utilising state-of-the-art PLEXOS® software to 
co-optimise gas and electricity infrastructure investment that meets Australiaõs future energy needs at lowest cost. The 
optimisation considers both the value of geographic diversity and the economies of scale associated with clustering 

                                                      
11 In this report, AEMO uses the term òportfolio of resourcesó as shorthand for all the resources modelling identified as delivering energy to meet forecast demand and 

support reliable, secure power system operation at the lowest total cost. 

12 Operational demand means the electricity used by residential, commercial and large industrial consumers, as supplied by scheduled, semi-scheduled, and significant 
non-scheduled generating units. For more on definitions, see http://www.aemo.com.au/-

/media/Files/Electricity/NEM/Planning_and_Forecasting/EFI/2018/Operational-Consumption-definition---2018-update.pdf. 

13 Available at https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan. 

http://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/EFI/2018/Operational-Consumption-definition---2018-update.pdf
http://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/EFI/2018/Operational-Consumption-definition---2018-update.pdf
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
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renewable generation in fewer locations. It takes a systems view that examines the requisite portfolio of generation, 
storage, and transmission that meets the future needs of the power system and then solves, on an economic cost basis, 
the resources that might be used to meet these needs.  

In effect, it forecasts what future investment is likely in generation and storage, assuming rational investment decisions 
by market participants based on current information on technology costs and supply requirements. Further, rather than 
simply assessing incremental investment opportunities, it looks ahead to ensure recommendations made now 
complement future investment requirements. 

As required, AEMO specifically considered the potential value of identified REZs to connect additional resources at 
low cost. The ISP has analysed the potential value of developing a number of preferred zones of renewable 
generation to provide an effective, least-cost way to integrate new generation, storage, and transmission 
development. The proposed transmission development increases the ability of renewable generators to connect 
without additional action. 

System modelling also takes into account the physical requirements of the future power system. In particular, the ISP 

integrates power system analysis using PSS/E14 and system strength modelling undertaken in PSCAD15 as part of 
AEMOõs Power System Frequency Risk Review process. Consequently, the investments identified in the plan also reflect 
the reliability and security requirements of the integrated grid. 

The result of this modelling and engineering analysis is the identification of those investments in the power grid that 
can best unlock the value of existing and new resources in the system, at the lowest cost, while also delivering energy 
reliably to consumers, and supporting stable and secure power system operations, in the context of national and state 
emissions reductions commitments. 

The reliability and security of the power system is an imperative, and all scenarios have been modelled in a manner 
which ensures standards are met. AEMO has also considered a number of risks to the system, and sought to ensure a 
level of system resilience. In particular, the exposure to climate risks and especially to extreme weather events and 
bushfires has been considered. AEMO considers that planning for system resilience related to climate effects will be a 
critical component of planning for the future power system. Further work will be undertaken in this respect and 
included in future plans.  

2.1 Consultation on approach and inputs 

AEMO consulted broadly with stakeholders in 2017 on the ISP and its inputs, and undertook two formal stages of 
consultation early in 2018. The first stage sought feedback on input assumptions, settings, and modelling, including the 
use of a scenario-based approach. Stakeholders provided a wide range of feedback on AEMOõs modelling and 
scenario assessment for the ISP, which AEMO included in its modelling. In accordance with the requirements of NER 
5.20.2(b)(1), in preparing this Plan, AEMO has taken into account the submissions made, and information about 
submissions and AEMOõs responses is included in Appendix E.  

In developing the ISP, extensive consultation was undertaken with a wide range of stakeholders. In accordance with 

NER 5.20.2(b)(3)(i) and (iv), in preparing the ISP, AEMO also worked closely with the jurisdictional Transmission 
Network Service Providers (TNSPs) so that there was a high degree of alignment between the ISP and their Annual 
Planning Reports (which needed to be undertaken concurrently) and recent revenue determinations. 

2.2 Planning for a range of futures 

AEMO has developed timelines and recommendations after analysing a range of plausible scenarios, so the ISP 
reflects the needs of different possible futures, incorporating expected changes in technology, consumer engagement, 
and economic growth. In any planning study, it is not possible to explore every potential future, so AEMO consulted 
widely to select scenarios that were broadly considered the most useful. The chosen scenarios (described in Section 
2.7) seek to explore a range of plausible and internally consistent future worlds by varying key uncertainties and 
dependencies to ensure robustness of any recommendations. 

Extensive modelling on the scenarios has been undertaken to build an understanding of how the power system can be 

expected to develop and to recommend a strategy for the future development of the grid.  

Modelling the increasingly complex energy system requires new, innovative techniques. For this ISP, the market 

modelling approach examined: 

                                                      
14 Power System Simulator for Engineering (PSS®E or PSS/E) is proprietary software from Siemens used by power system engineers to simulate electrical power systems 

in steady-state conditions as well as over timescales of a few seconds to tens of seconds. PSS/E modelling is routinely used for large-scale power system studies by 

AEMO and registered NEM participants. 

15 Power System Computer Aided Design (PSCAD®) is proprietary software from Manitoba Hydro International, an electromagnetic time domain transient (EMT) 

simulation environment and study tool for modelling and simulating the transient and dynamic behaviour of the power system. PSCAD is the most widely used 
EMT-type simulation tool, and is extensively used by major power system equipment manufacturers. 
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¶ The role that existing generation may continue to have, including hydro, coal-fired, and gas-powered generation 
(GPG), while emerging low-emissions technologies enter and erode the competitive market share of traditional 
generators.  

¶ Whether new base load generation such as high efficiency low emissions (HELE) coal-fired generation could help 
deliver low-cost, reliable, and secure supply as part of a portfolio of resources, recognising the increasing need 
for synchronous generation to operate flexibly to assist in the management of renewable energy oversupply and 
variability. 

¶ Gas and electricity system co-dependencies, to consider the capabilities of the gas network to deliver gas for 
GPG as well as for domestic gas consumers and liquefied natural gas (LNG) exports. 

¶ Diversity across geographic areas as well as generation technologies through detailed resource assessments of 
variable renewable resources across the NEM, identifying REZs. 

¶ The need for and technical capabilities of energy storage, particularly the capacity for variable renewable 

energy, supported by storage technologies, to provide energy-replacing solutions for retiring coal generators. 

¶ The role of the transmission network, through co-optimised expansion of the generation mix and the transmission 
infrastructure required to deliver this new energy. For example, renewable generation can be co-located in REZs 
to share transmission, and be built in locations where new generation can use major transmission assets that are 
already operating, being augmented, or being built. 

¶ The impact of DER co-ordination, utilising these resources to meet system needs rather than operating passively. 

The outcome for each scenario is a ôleast resource costõ solution for that case, constrained to meet all reliability, 
security, and emissions constraints. See Section 3.1.2 for modelling outcomes and the identification of the projected 
lowest-cost portfolio of resources. 

The ISP modelling and decision-making process are summarised briefly below, and described in greater detail in 
Appendix F and associated 2018 ISP Assumptions Workbook16. 

2.3 Planning inputs 

The principal inputs to the ISP relate to forecast changes in average demand, the timely retirements of existing supply 
resources, and the economic profile and other attributes of new supply resources, including storage resources. The key 
inputs in this plan reflect the fundamental changes occurring in the power sector: 

¶ Demand forecasts ð underlying demand for power (at consumersõ power points) is projected to increase, due to 
population and economic growth. Much of this growth, however, is projected to be met by DER (such as rooftop 
PV) and energy efficiency. As a result, demand for grid-supplied energy is forecast to remain relatively flat over 
the outlook period, and load growth is not the primary driver of new investment in this ISP. Local pockets of 
demand growth are still projected, and will need to be addressed and coordinated within the broader plans (see 
Section 2.3.2 for more detail on forecast trends in electricity consumption). 

¶ Schedule of generation retirements ð a schedule outlining when existing generation plant reaches expected end 
of technical life and retires is a key input to the ISP. The assumed retirement timing of a significant proportion of 
the coal-fired generation fleet is a dominant driver for future planning of the power system17. A significant 
number of coal-fired generators in the NEM have either advised they are closing, or are expected to reach the 

end of their technical lives at 50 years of age, during the plan period. This is an important driver of investment in 
the resources and infrastructure needed to supply consumer demand. 

¶ Cost projections for supply ð the cost components of conventional generation and the cost and performance of 
renewable generation and energy storage are key inputs to the ISP. Changes in these input costs are also forecast 
over the plan period, projecting trends observed over recent years and expected cost reductions over time based 
on the maturity and potential of the technology. Based on these costs, the delivered cost of energy from wind and 
solar in combination with storage from pumped hydro and batteries is anticipated to be lower than generation 
based on new coal or natural gas when the existing coal generators retire. This is an evolving trend from previous 
plans, but the ISP is AEMOõs first plan in which utility-scale solar generation is projected to be lower-cost than wind 
generation. This change in cost relativities impacts on the generation forecasts, the preferred REZs, and the 
identified transmission developments. 

                                                      
16 AEMO, Integrated System Plan Assumptions Workbook. Available at: https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-

forecasting/Integrated-System-Plan.  

17 The timing of retirements of coal-fired power stations is highly complex and the outcome of a wide range of commercial and financial factors in the market. For the 

purpose of this ISP, AEMO has assumed retirements of coal-fired generators at either announced retirement times, or a time based on 50 years of operational age of 
the plant (termed òtechnical lifeó). Actual retirement timing could be earlier or later than assumed. See Section 2.4 for details. 

https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
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¶ Transmission development options ð a wide range of potential upgrades to the national transmission grid were 
designed and costed by AEMO and the TNSPs. These included intra-regional developments to connect REZs and 
inter-regional developments to reduce impending congestion, take advantage of diversity, and develop and use 
the lowest-cost generation and storage resources. The identified transmission investments support a wide range of 
planned and potential supply investments throughout the NEM, and at locations that optimise their value to 
investors and consumers. In developing these transmission options, AEMO also reviewed a range of risks to the 
resilience of the system and considered the need to maintain system strength. 

¶ Policy assumptions ð the scenarios in the ISP were each modelled under policy directives current at time of 
modelling18. The approach was to model the lowest-cost approach in the context of current federal and state 
government policies. These policies influence the development of the power system. The plan assumes no risk 
premium on any investment, assuming rather that the National Energy Guarantee removes that risk and supports 
the technology-neutral approach taken in the ISP. 

2.3.1 Policy inputs 

The NEM operates in the context of a range of government policies at state and national level. The ISP includes 
announced federal and state government policies that will affect investment decisions. Inherent in the planning is the 
assumption that policy certainty will allow efficient, technology-neutral investment decisions to be made, and that the 
appropriate framework will be in place to deliver the reliability outcomes and sustainability policy context built into 
this plan. 

AEMO has incorporated the Commonwealth governmentõs policy on emissions reductions in the cases analysed, and 
has also tested the impact of a faster reduction in emissions. AEMO has incorporated the Victorian and Queensland 
Governmentsõ renewable energy policies in all cases studied.  

AEMO uses its published commitment criteria19 for determining which proposed development projects are included in 
the modelling. Because the Snowy 2.0 and Tasmanian Battery of the Nation projects do not yet meet these 
commitment criteria, but are being actively pursued, these projects have been explicitly modelled in a separate 
scenario, to examine how these large-scale hydro storage investments support the flexibility and system security 
requirements of the future energy mix. AEMO notes that significant work is underway on these two major storage 
initiatives, and this work will provide valuable new information to the market. AEMO will continue to work with project 
proponents on a design for transmission networks to support these storage initiatives. 

2.3.2 Consumption 

Total NEM electricity consumption is forecast to remain relatively flat over the outlook period in most scenarios, as 

shown in Figure 120.  

This forecast reflects projections of greater energy efficiency and growth in distributed generation including rooftop 
solar PV accompanied by growth in battery storage behind the meter, offsetting drivers for increases in consumption 
arising from projected productivity growth due to forecast growth in population and the economy. 

While overall electricity consumption is forecast to remain relatively flat, growth rates are not homogenous across the 
grid. AEMO's forecasts of individual connection points within regions of the NEM demonstrate that local pockets of 
demand growth are expected, and will need to be addressed and coordinated within the broader plan. Western 
Sydney and other city fringe locations are expected to experience greater population growth as our capital cities 
expand. Further work is required to investigate and incorporate sub-regional demands into future assessments. 

                                                      
18 AEMO adopts a consistent process across all its major reports to include existing government policies within its modelling. For future ISPs, AEMO will engage with the 

Energy Security Board on how best to manage current and prospective government policy implications. 

19 Commitment criteria are summarised under the Background information tab in regional spreadsheets on AEMOõs Generation Information page. Available at: 

https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information.  

20 In its July 2018 report, Restoring electricity affordability & Australia's competitive advantage (available athttps://www.accc.gov.au/publications/restoring-electricity-

affordability-australias-competitive-advantage), the Australian Competition and Consumer Commission (ACCC) recognised the risk of òdead-weight lossó, whereby 
higher prices resulting from over-investment in networks may drive consumers to make sub-optimal choices about their supply and use of energy. In its consumption 

forecasts, AEMO has not assumed any dead-weight loss associated with network over-investment, because the least-cost approach adopted in this ISP is designed to 
avoid this outcome.  

https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information
https://www.accc.gov.au/publications/restoring-electricity-affordability-australias-competitive-advantage
https://www.accc.gov.au/publications/restoring-electricity-affordability-australias-competitive-advantage
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Figure 1 Total NEM operational consumption 

 

2.4 Anticipated coal-fired generation retirements 

The impending retirements of coal-fired power stations are highly complex and the outcome of a wide range of 
commercial and financial factors in the market. As a result, the projected timing of retirements is highly uncertain. For 
the purpose of this ISP, AEMO has assumed retirements of coal-fired generators at either announced retirement times, 
or a time based on operational age of the plant (termed òtechnical lifeó) 21. For black coal-fired power stations, this 
technical life is assumed to be 50 years in most cases. For Victorian brown coal-fired power stations, the retirement 
dates broadly align with the 17-year mine rehabilitation guarantee secured by the Victorian Government in June 
201822. 

Figure 2 below identifies the retirements of coal plant across the NEM that were assumed as inputs to the analysis. The 
retirements are spread across Queensland, New South Wales, and Victoria, with New South Wales the NEM region 
assumed to have the greatest scale of age-driven retirements.  

It is assumed that approximately 15 GW of generation (14 GW of coal fired and about 1 GW of GPG) will reach 
its end of technical life by 2040 and retire. This is projected to result in an overall reduction in the energy generated 
from coal, with the coal-fired power stations retiring currently generating approximately 70 TWh, equivalent to 
around one-third of current total NEM consumption.  

The modelling allows for earlier retirement of coal- and gas-fired generation on economic grounds, if this decision 
would deliver lower total system costs. Revenue sufficiency for individual power plant has not been factored into 
assessing retirement timing. In the development of Group 2 and Group 3, AEMO will further consider revenue 
sufficiency and the risk of catastrophic early failure of existing generators. 

                                                      
21 The ISP considers that all generators will need to either be retired or require significant capital investment equivalent to replacement cost at the end of each 
generatorõs technical life. 

22 See http://earthresources.vic.gov.au/earth-resources-regulation/information-for-community-and-landholders/mining-and-extractives/latrobe-valley-coal-
mines/yallourn-and-loy-yang-rehabilitation. 
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Figure 2 NEM coal-fired generation fleet operating life to 2040, by 50th year from full operation or announced retirement 

 

2.5 New generation, transmission, and storage options considered 

The ISP is, by design, a holistic and technology-neutral approach, integrating existing and new resources on both the 
supply and demand side, at utility-scale and distributed at consumersõ premises, at the lowest overall consumer 
expense. It takes into consideration a broad set of thermal and renewable generation, transmission, and storage 
investment opportunities across the NEM in assessing the requisite transmission development to deliver the ôleast 
resource costõ future energy mix. Capital and operating costs for all technologies are provided for reference in the 
2018 ISP Assumptions Workbook23. The same weighted average cost of capital was applied for all technologies to 
convert capital costs into an equivalent annual cost stream for assessment. 

As has been widely noted, both in the context of emissions policy and due to their falling costs, renewable wind and 

solar resources are quickly becoming the lowest capital cost resource for supplying energy. Almost 80% of all 
currently announced, proposed, advanced, or committed projects in the NEM are wind or solar generators24. In many 
jurisdictions, the ideal location of these resources from the perspective of fuel availability is distant from the network 
required to deliver the energy to consumers and will require transmission development to connect them, and 
dependent on where they connect, potentially also system strength remediation.  

A wide range of potential REZs across the NEM were analysed and the characteristics of the resources in those zones 
determined. AEMO identified and assessed 34 potential REZs across the NEM through consideration of a mix of 
resource, technical, and other considerations. In addition to the quality of the renewable resource, AEMO assessed the 
value of the diversity of renewable generation within the region to generation in other REZs and its correlation to 
demand. The planning model analysed which mix of plant from which REZs would be the optimum, taking into account 
the diversity of those resources, their costs, network costs and any storage required for balancing supply and demand. 

AEMO has also considered the transmission investment required to develop REZs to provide consumers access to the 
lowest-cost renewable resources. Modelling also considered the need for specific REZ developments in light of the 
availability of locations close to the existing network that could be relied on to deliver energy with a reduced level of 
transmission investment. 

AEMO has worked closely with TNSPs to identify an efficient range of potential network upgrades for consideration 

to provide continued power system reliability and security during the transformation of the NEM.  

                                                      
23 Integrated System Plan Assumptions Workbook. Available at: https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-

forecasting/Integrated-System-Plan.  

24 AEMO, Generation information, March 2018. All generation projects currently operating, withdrawn, committed, and proposed in the NEM are reported by region on 

AEMOõs generation information web page, at http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-
information. 
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2.6 Approach to modelling 

To understand how the power system can be expected to develop and recommend a strategy for the future 

development of the grid, AEMO conducted extensive cost modelling and cost-benefit analysis applying the inputs 
outlined above to each of the scenarios discussed.  

Modelling the increasingly complex energy ecosystem requires new, innovative techniques. This has required AEMO to 
adopt a multi-staged modelling approach, with each stage helping to build a more complete analysis of the strengths 
and weaknesses of various future grid development options. Figure 3 below summarises this approach (the ISP Model). 
AEMO has published detailed information on the methodology separately (see Appendix F of the ISP). Energy 
Exemplarõs PLEXOS Integrated Energy Model (PLEXOSÈ) is the key software platform utilised throughout.  

The ISP Model sought to find the optimal mix of gas and electricity infrastructure investment and operation which 
meets the future power system needs at lowest cost for consumers across the NEM. The initial analysis focused on 
identifying the optimal solution for each scenario and progressively moved to finding the overall plan which was 
optimal, or close to optimal, across all scenarios.  

The modelling approach required extensive computation, because the ISP Model considered a broad set of investment 

choices in generation, transmission, and storage across regions and zones, through the plan timeframe.  

Figure 3 Summary of modelling approach ð the ISP Model 

 

 

The ISP Model took into account: 

¶ Availability of gas reserves, resources and pipeline capacities ð these influence the cost and availability of gas 
and consequently the viability of future GPG to supply electricity consumption in volume. 

¶ Maximum renewable energy potential and constraints in each region ð the quality of the renewable resource, 
potential quality degradation as more generation is co-located, existing spare transmission capacity, and cost to 
augment the existing capacity all influence the value of a given location and REZ. Where new interconnector 
routes pass by REZs and effectively encompass the intra-regional transmission augmentation required to access the 
REZ generation, this value was captured by removing any REZ transmission congestion. 

¶ Diurnal and seasonal weather patterns by REZ ð the hour by hour profile of expected output for each renewable 
generation technology is related to the REZ in which it is located. AEMO used historical weather observations to 
capture observed solar and wind variability at each REZ, to take account of diversity as an important input to the 
overall optimisation. 

¶ Minimum synchronous generation constraints ð where synchronous generation is required to maintain power system 
security, constraints have been imposed on the modelling. In turn, these constraints are removed in instances where 
new interconnector options would alleviate these power system security concerns. 
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¶ Levels of DER co-ordination ð utilising these resources to meet system needs, rather than operating passively, can 
make the overall system more efficient, flexible, and affordable. For this initial ISP, the volume of DER and level 
of DER co-ordination was an input assumption that was varied for each scenario.  

The first step of the ISP Model was to find the combination of investments for each scenario that delivers reliable and 

secure electricity supply at the least cost to consumers. This combination reflects input assumptions and the broad set of 
investment choices in generation, transmission, and storage identified across regions and zones.  

Certain interconnection options and combinations of options were consistently seen to be part of the least-cost solution 
as each scenario was modelled. Importantly, some interconnector developments were selected by the model under all 
scenarios, with immediate effect. These interconnector investment decisions common to all scenarios formed the basis 
for developing a number of òcandidate plansó. All the candidate plans included both headline interconnection 
upgrades between NEM regions and a range of smaller upgrades within regions to relieve constraints and support the 
integration of new generation.  

For each candidate plan, and each scenario, the future generation mix was re-evaluated in detailed long-term 

modelling, assuming that generation and storage investment decisions would be influenced by future grid expansion. 
The resulting net present value (NPV) of resource costs was used to compare between candidate plans to develop the 
recommended pathway. 

The final step in the ISP Model was hourly modelling of snapshot years, using detailed transmission constraint sets, and 
considering unit commitment and bidding behaviour. This step was undertaken to verify whether the candidate plans 
met the reliability and system security requirements.  

Cost benefit analysis 

Thoughtful development of the transmission network has the potential to deliver cost savings to end consumers by 
improving efficiency of the existing generation fleet, deferring or reducing the need for new generation and storage 
investment and reducing the cost of accessing renewable energy resources. 

To assess this value in each scenario, the investment and production costs for each candidate plan were compared on 
an NPV25 basis against a case with no additional inter-regional transmission developments. In this counterfactual, no 
new interconnector transmission development is required, although additional transmission is still needed within regions 
to connect new renewable generation and/or storage. Without intra-regional transmission investment to connect new 
local generation to load centres, the analysis projects there would be insufficient energy accessible to replace the 
retiring coal fleet. 

Key market benefits considered when comparing the recommended pathway against the counter-factual include: 

¶ Capital deferral benefits (transmission and generation).  

¶ Productive efficiency gains through fuel and operating cost savings. 

The recommended pathway represents the most efficient plan that would transition the electricity industry to reliable 
and secure future, taking into account policy settings, at lowest cost to consumers under the majority of scenarios. 

Additional unquantified benefits 

The modelling undertaken for the ISP focused on minimising the total resource costs. This provides a conservative 
estimate of the potential benefits of the identified network investment. In addition to lowering the total resource cost, 

increasing the transfer capacity of the network could also provide: 

¶ Greater operational flexibility to deal with plant outages and weather events. The ISP modelling process only 
optimised outcomes under ôsystem normalõ conditions.  

¶ A level of resilience against climate change and extreme events (or sudden shocks, such as unplanned coal closures) 
which can impose high costs on consumers and society. 

¶ More choice and competition. 

¶ Scalability, providing the option to extend or increase capacity over time as the future becomes more certain and 
the industry transforms. 

¶ Lower costs for ancillary services (services the power system needs to operate securely, such as frequency control 
services). 

It is also important to recognise that the modelling considered resource costs, not prices to consumers. An informed and 
efficient competitive market should see the lower resource costs reflected in lower consumer prices. Increased transfer 

                                                      
25 The long-term social discount rate used in the net present value calculation was 7% (in real terms), the same as recommended by New South Wales Treasury: 

https://www.treasury.nsw.gov.au/sites/default/files/2017-03/TPP17-03%20NSW%20Government%20Guide%20to%20Cost-Benefit%20Analysis%20-
%20pdf.pdf. 

https://www.treasury.nsw.gov.au/sites/default/files/2017-03/TPP17-03%20NSW%20Government%20Guide%20to%20Cost-Benefit%20Analysis%20-%20pdf.pdf
https://www.treasury.nsw.gov.au/sites/default/files/2017-03/TPP17-03%20NSW%20Government%20Guide%20to%20Cost-Benefit%20Analysis%20-%20pdf.pdf
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capacity of the system and a reduction in congestion, or the risk of congestion, should also increase competition, 
reduce the cost impact of network outages, and result in more efficient pricing. 

Consideration has been given to the resilience of the system, and a checklist of additional value from the various 
alternatives under consideration has been qualitatively assessed. Further work is required to fully understand power 
system security, market, and regulatory impacts of the ISP, including detailed assessments of future congestion, reverse 
flow impacts, revenue sufficiency, and future prices to consumers. Some of this future work is further discussed in 
Chapter 7. 

2.7 Detailed scenario descriptions 

The ISP was developed around two Neutral cases using a central or median outlook, together with analysis on the 
impacts of a range of likely futures on investment decisions identified in the plan. This is essential, given the need to 
plan and recommend investment in an industry in transition where there is a level of inherent uncertainty. The purpose 
is to provide insights and information on how changes in inputs or policy settings would impact on the type, location, 

and timing of utility-scale generation and storage and therefore on the most cost-effective development of the 
transmission system. As such, the scenarios have been selected to test robustness of the plan under a range of factors 
that may have a material impact on transmission investment. 

The scenario themes were developed around variations in operational grid demand, and grid-scale generation 

capital cost reductions, to ensure the transmission development is robust under a broad range of conditions. Variations 
in economic and population growth, levels of consumer energy engagement, and deployment of new technologies 
(such as electric vehicles and battery systems) will impact the volume of energy that needs to be transported across 
the grid and therefore influence the benefits of transmission development and risks of stranded assets.  

The three scenarios developed around the Neutral outlook are therefore intended to provide a plausible range of 
grid consumption and supply outcomes that drive faster and slower transformative change. Following broad industry 
consultation, AEMO modified the original scenarios to broaden this range further. For example, an additional scenario 
was included to test the impact of High DER on utility-scale investment needs, and wider variations in fuel costs and 
technology cost reductions were covered across the scenarios. 

The need to consider broad scenarios was a consistent theme of the consultation feedback AEMO received, and is 

summarised in AEMOõs review of submissions (see Appendix E). 

The ISP focuses on seven scenarios/sensitivities: 

¶ Two base cases: 

- Neutral, and Neutral with storage initiatives. 

¶ Three additional scenarios: 

- Slow change, Fast change, and High DER. 

¶ Two additional sensitivities to explore key opportunities or risks: 

- Increased role for gas, and Early exit of coal-fired generation. 

The scenarios are summarised in Table 1 below and then described, along with the additional sensitivities. 

Note that, on modelled emissions reductions, while the Commonwealth Government has recently clarified that the 

target to 2030 would be 26%, the original commitment was expressed as a range (26-28% emissions reduction). 
AEMO modelled the higher 28% level based on earlier consultation with stakeholders26. To undertake the ISP 
modelling, assumptions needed to be made on future emissions levels. All studies except the Fast Change scenario 
projected a similar trajectory from 2030 as that in the first decade of the plan to 2050. This achieves a reduction of 
70% over 2016 emissions by 2050. To test the potential impact on transmission investment of greater reductions, the 
Fast change scenario assumed emission constraints which were consistent with the Low Emissions Technology Roadmap 
developed with the Commonwealth Scientific and Industrial Research Organisation (CSIRO)27. The enduring policy 
certainty contemplated by the National Energy Guarantee is assumed to support efficient, technology-neutral 
investment decisions that achieve targeted emissions levels while maintaining system reliability. 

  

                                                      
26 AEMO, 2018 Integrated System Plan Consultation Submissions, available at https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-

forecasting/Integrated-System-Plan. 

27 Electricity Networks Australia. Electricity Network Transformation Roadmap, available at https://www.energynetworks.com.au/electricity-network-transformation-
roadmap. 

https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Integrated-System-Plan
https://www.energynetworks.com.au/electricity-network-transformation-roadmap
https://www.energynetworks.com.au/electricity-network-transformation-roadmap
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Table 1 High level case settings 

Case Neutral  Neutral with 
storage initiatives 

Slow change Fast change High DER 

Demand settings           

Economic growth and 
population outlook 

Neutral Neutral Weak Strong Neutral 

Rooftop PV - up to  
100 kilowatts (kW) 

Neutral Neutral Neutral Neutral Strong 

Non-scheduled PV - from 
100 kW to 30 MW 

Neutral Neutral Neutral Neutral Strong 

Demand side participation Neutral Neutral Strong Weak Strong 

Electric vehicle uptake Neutral Neutral Weak Strong Neutral 

Battery storage installed 
capacity 

Neutral Neutral Neutral Neutral Strong 

Battery storage 
aggregation by 2050 

45% 45% 90% 10% 90% 

Renewable/emissions reduction settings* 

Emissions trajectories 28% 2005 - 2030 28% 2005 - 2030 28% 2005 - 2030 52% 2005 - 2030 28% 2005 - 2030 

LRET Yes Yes Yes Yes Yes 

VRET 25% by 2020 and 
40% by 2025 

Yes Yes Yes Yes Yes 

Queensland Renewables 
and QRET 50% by 2030 

Yes Yes Yes Yes Yes 

Energy efficiency 
improvement 

Neutral Neutral Weak Strong  Neutral 

Supply side settings           

Variable renewable 
energy (wind and utility 
solar) cost reductions 

Neutral Neutral Slow Neutral Neutral 

Storage (pumped hydro, 
battery, and solar thermal) 
cost reductions 

Neutral Neutral Neutral Rapid Slow 

Gas market settings           

Gas demand - LNG export Neutral Neutral Weak Strong Neutral 

Gas demand - residential/ 
commercial/industrial 

Neutral Neutral Weak Strong Neutral 

Gas prices Neutral  Neutral  Weak  Strong  Neutral  

Development settings           

Storage developments Model outcome Snowy 2.0 2025, 
Battery of the 
Nation 2033 

Model outcome Model outcome Model outcome 

Interconnector development 
settings 

Model outcome Tumut to Bannaby 
and additional 
Basslink 

Model outcome Model outcome Model outcome 

* ISP modelling has incorporated explicit emissions constraints to represent this emission reduction. 
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2.7.1 Neutral case 

The Neutral case assumed a range of central, or mid-point projections of economic growth, future demand growth and 
fuel costs. This includes: 

¶ Neutral growth outlook for consumption and demand from AEMOõs March 2018 electricity demand forecasts, 
including uptake of DER. 

¶ Moderate growth in DER aggregation, such that aggregated distributed batteries can be treated and operated 
as virtual power plants, rather than operated to maximise the individual householdõs benefit. 

¶ Generation expansion affected by central estimates of technology cost reductions. 

¶ Existing market and policy settings. 

These settings combine to form a central estimate of the transition forecast for the NEM.  

Table 2 Neutral case settings ð summary of assumptions 

 Setting Rationale 

Demand settings   

Economic growth Neutral  Central estimates on broader national and international economic drivers, 
leading to central estimates for population growth, disposable income, 
commercial and industrial expansion. 

Distributed energy technology 
uptake 

Neutral  Moderate ð describing ôneutralõ consumer behaviours in a neutral economy.  

The inputs include: 

¶ Rooftop PV systems continue to expand, such that approximately 12% of 
underlying consumption is provided by rooftop systems by 2030.  

¶ Consumer interest in battery storage systems and electric vehicles is 
moderate over the forecast horizon.  

¶ Battery systems provide up to approximately 10% of operational maximum 
demand by 2030.  

¶ Incentives exist to aggregate this storage potential and provide grid 
support use of these systems, such that 45% of battery systems are 
coordinated by 2030.  

¶ Electric vehicle uptake is moderate, with 10% of the vehicle fleet being 
electrified by 2030. Vehicle charging is uncoordinated, and primarily occurs 
overnight. 

Renewable energy / emissions 
reductions settings 

  

Trajectories Renewable energy 
targets, emission 
reduction trajectories 

¶ All existing announced policies are included, as described by various 
Governments (LRET, VRET, and QRET).  

¶ The NEM is assumed to achieve at least a proportionate share of the 
Commonwealth Governmentõs emission reduction commitment  
by 2030, and for emissions to continue on a similar path to 2050.  

Supply settings   

Thermal retirements End of technical life or 
economic retirements 
allowed 

The modelling approach for the ISP is one of least cost generation expansion 
to meet consumer needs within the confines of policy, demand and market 
settings. The model will allow economic based retirements where these lead to 
reductions in total system costs, accounting for site repatriation costs (an input 
setting).  

Technology costs CSIRO outlook, AEMO 
internal 

¶ Technology costs have been selected from current, reputable public 
forecasts. CSIROõs December 2017 projections* provide a primary 
reference.  

¶ Cost trajectories chosen reflect central estimates of any associated range. 

* CSIRO, Electricity generation technology cost projections (2017-2050), December 2017, available at 
https://publications.csiro.au/rpr/download?pid=csiro:EP178771&dsid=DS2. 

2.7.2 Neutral with storage initiatives case 

The Neutral with storage initiatives case adopted all scenario settings of the Neutral case, with one key addition. This 
scenario incorporated the proposed Snowy 2.0 and Battery of the Nation pumped hydro storage projects, and 
associated augmentations of the transmission network for the projects.  

https://publications.csiro.au/rpr/download?pid=csiro:EP178771&dsid=DS2
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These large pumped hydro schemes provide deep storages (storages able to support prolonged periods of supplying 
energy at capacity). The case examines the role of storage in supporting variable renewable energy sources as a 
replacement for retirement of coal-fired generation. The timing of the projects reflects this, with Snowy 2.0 assumed to 
be developed as soon as possible (in 2025), as a relatively early development to compensate for the retirement of 
the Liddell Power Station and ahead of projected retirements of coal plant in New South Wales. The Battery of the 
Nation project is then assumed to be installed by 2033, for projected coal plant retirements in Victoria and before 
further black coal power stations retire in New South Wales. AEMO will continue to work with project proponents on a 
design for transmission networks to support these storage initiatives. 

The transmission networks will require development to support the full capacity of both projects. The Snowy 2.0 
project has been modelled with reinforcement from Snowy 2.0 back to Sydney, while the Battery of the Nation project 
also includes new interconnection between Tasmania and Victoria. Further explanation of transmission development is 
outlined in Section 6.3. 

2.7.3 Slow change scenario 

The Slow change scenario considered a future where economic growth is weak, lowering overall discretionary income 
at a household level and reducing business investment. The net effect is lower operational (grid) consumption, a 
smoother operational load profile (due to higher level of demand-based resources and high DER aggregation), and a 
slower power system transformation, relative to the Neutral case. The objective was to test the risks and benefits of 
candidate transmission plans under a scenario where consumption was lower and smoother, normally considered to 
reduce the need for development of additional transmission (and some resources). 

Compared to the Neutral case, this scenario assumed: 

¶ A decline in operational consumption, with weaker economic growth resulting in some industrial closures. 

¶ Lower levels of investment in energy efficiency. 

¶ Greater coordination of DER and more demand-based resources. 

¶ Slower uptake of electric vehicles. 

¶ Slower overall cost reductions in renewable generation technologies. 

¶ Weaker domestic and international gas consumption, and lower LNG export volumes.  

2.7.4 Fast change scenario 

The Fast change scenario considered a future where economic growth is strong, increasing overall discretionary income 
at a household level, and stronger emission abatement aspirations are economically sustainable. The net effect is 
higher operational (grid) consumption, a more peaky operational load profile (due to lower demand-based resources 
and low DER aggregation), and a faster power system transformation, relative to the Neutral case. The objective was 
to test the risks and benefits of candidate transmission plans under a scenario where consumption was higher and 
more peaky, to check that reliability and security could still be maintained.  

Compared to the Neutral case, this scenario assumed: 

¶ An increase in operational consumption, with higher population and increased productivity. 

¶ Higher levels of investment in energy efficiency. 

¶ Less coordination of DER and fewer demand-based resources. 

¶ Greater uptake of electric vehicles. 

¶ Faster overall cost reductions in utility-scale storage technologies. 

¶ Stronger domestic and international gas consumption, and higher LNG export volumes.  

2.7.5 High DER scenario 

The High DER scenario considered a future where there is a stronger growth in DER, that is, where distributed rooftop 
PV generation, battery storage, and demand side response at the consumer level are higher than in the Neutral case.  

The purpose of this scenario was to examine how increased DER could impact on investment needs for utility-scale 
generation and storage and transmission, and how this would influence the plans presented in the ISP. 

In this modelling, the DER in the system was more tightly managed and integrated into the overall power system. The 
greater uptake of distributed storage reduced the overall impetus for development of utility-scale storage systems, 
slowing the cost reductions of these technologies relative to the Neutral scenario.  



 

© AEMO 2018 |  Integrated System Plan 29 
 

2.7.6 Increased role for gas sensitivity 

The Increased role for gas sensitivity examined a key input ð the price of natural gas. In the Neutral cases and most 
plausible scenarios, while there is development of GPG, its projected future role is limited by the continuation of 
relatively high gas prices assumed. This is a major change from previous planning, which often showed gas playing an 
important part in transition. As a result, AEMO considered whether GPG could have a greater role in the supply mix if 
gas reduced significantly in price from current expectations (around $8-10 a gigajoule [GJ]) to around $6/GJ. 

This sensitivity explored the potential implications on investment pathways if significant quantities of gas was to be 
made available at a much lower price. This creates stronger drivers for GPG development, which also reduce the 
need for development of renewable generation and storage technologies  

Additionally, this sensitivity included consideration of the gas market infrastructure required to meet the needs of 
increased gas consumption, along with providing an assessment of how increased GPG, located at optimal places 
within the electricity network, could defer the timing for new interconnection or regional transmission augmentation. 

2.7.7 Early exit of coal-fired generation sensitivity 

The retirement of coal-fired generation is a key driver of investment needs in this plan. This sensitivity tested the 
impacts on the identified investment plans of potentially catastrophic failures to plant resulting in unplanned early 
retirements of coal-fired generation in New South Wales or Victoria. Even if the three-year notice of closure rule 
change proposal currently before the Australian Energy Market Commission (AEMC) is accepted, the power system 
will remain exposed to these unplanned events. Bringing forward the timing of identified transmission development, as 
well as strategic storage, should be considered as potential pre-emptive measures to increase power system resilience 
against such events. This is an important consideration given the long lead times for transmission development. 



 

© AEMO 2018 |  Integrated System Plan 30 
 

 

Key observations 

¶ ISP modelling projects a profound transition of the NEM over the next two decades, with:  

- The energy mix transforming from one dominated by coal-fired generation to one with portfolios 
comprising large amounts of technologically and geographically diverse variable renewable 
generation sources, supported by increased transmission and energy storage solutions. 

- A need to retain existing coal-fired generation while planning for orderly replacement on retirement.  

- A strong role for energy storage that can shift renewable energy production and provide capacity 
firming28 support during peak load conditions to support the dispatchability of this future energy mix. 

- An increasing need, with greater renewable energy penetration, for synchronous generation to 
operate with greater flexibility, responding to renewable intermittency. This will affect the operation 
of coal-fired generation, gas-powered generation (GPG), hydro-electric, and storage technologies, 
and may influence network solutions. GPG, for example, is expected to produce less energy overall, 
but continue to provide a reliability and security role to complement variable renewable energy. 
Renewable energy will erode in the next decade the need for GPG to operate during the day, but 
GPG production is forecast to recover to near existing levels in the second decade as coal retirements 
increase.  

- Coal-fired generation retirements and increasing development of large- and small-scale renewable 
generators expected to contribute to reductions in emissions. 

- The potential for significant savings through greater use of DER, where those resources are well 
integrated and coordinated in the power system. For example, greater use of DER could reduce 
reliance on regional utility-scale renewable energy developments and the associated need to 
strengthen transmission within a region to support this. 

¶ While increased uptake of consumer-driven DER29 would slow growth in total grid-generated energy 
consumption, the modelling projects increasing value for strengthening interconnection between regions to 
meet an increasingly volatile demand across the NEM and take advantage of diversity of renewables 
across regions as well as efficiently sharing resources across regions. 

 

This chapter outlines the expected evolution of the generation mix to minimise overall system costs and meet the needs 
of consumers, for each of the modelled scenarios. Section 3.1 summarises key modelling outcomes and drivers that 
AEMO observed consistently across different scenarios representing a range of plausible futures.  

3.1 Consistent themes across scenarios 

Consistent themes in outcomes can be observed across the range of scenarios modelled. These relate to changes 
impacting energy resource projections since the 2016 NTNDP. 

Based on technology cost projections and the whole-of-system modelling undertaken, the key outcomes across 
scenarios are discussed further in sections 3.1.1 to 3.1.4. 

                                                      
28 Generation firmness is a measure of the likely energy availability of the resource mix at some time in the future. 

29 DER can refer to distribution level resources which produce electricity or actively manage consumer demand. 
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3.1.1 Renewable generator connections will progress at record levels in the short term 

Record levels of newly committed renewable generation development in the NEM demonstrate that the NEM is 
already on a path to wide-scale, fundamental transformation. Around 5 GW of new solar and wind generation 
projects are in an advanced or committed stage to be operational in the next two years, displacing the energy 
contribution provided by both gas and coal-fired generation. Figure 4 below shows the currently committed and 
advanced developments by generation type, year of install, and geographic diversity by 202030. 

Figure 4 Committed and advanced renewable generation capacity ð committed solar and wind capacity to 2020 (MW, 
left), and committed and advanced solar and wind projects by NEM region (%, right) 

 

 

 

 

Beyond committed and advanced developments, in the next decade, renewable energy targets at state level (such as 
the Queensland Renewable Energy Target (QRET) and Victorian VRET) influence the magnitude and location of new 
renewable energy and influence the transmission requirements to enable these developments.  

Figure 5 below demonstrates the geographic and technological diversity of the forecast generation expansion in the 
Neutral case, showing the change in both distributed and utility-scale resource mix across each NEM region between 
now and 2040. Strong growth opportunities exist across the NEM, with each of Queensland, Victoria, and New South 
Wales forecast to expand respective renewable generation capacity by approximately 10 GW or more each by 
2040, attributed to replacement of coal-fired generation and other growth drivers. 

                                                      
30 Committed and advanced generation projects as at December 2017 release of the AEMO Generation Information update, available at: 

http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/Generation-information. 
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Figure 5 Projected change in generation resource mix (installed capacity) by NEM region over the 20-year plan horizon 
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3.1.2 Portfolio approach required to replace retiring coal-fired generation 

The ISP forecasts the NEM evolving from a generation mix dominated by high-utilisation, low-cost thermal coal-fired 
generation, to a generation mix dominated by zero marginal cost variable renewable generation supported by 
energy storage, transmission, GPG, and DER. 

¶ Large amounts of grid-connected variable renewable energy sources are projected to be developed across the  
NEM ð between approximately 14 GW and 48 GW by 2040 (depending on the growth in electricity 
consumption). This diverse development influences the need to develop the transmission system to enable access to 
these renewable resources, to increase sharing of renewable energy across the NEM and reduce the need for 
firming technologies. 

¶ Energy security is projected to be supported by new flexible, dispatchable resources at utility scale ð between  
4 GW and 23 GW by 2040. Utility-scale storage is forecast to provide the majority of new dispatchable 
capacity in most scenarios, although new flexible gas generators could play a greater role in firming the system if 
gas prices materially reduce. 

During this time, operational consumption (the energy that is to be met by grid delivered generation) is projected to 
remain relatively flat under neutral economic conditions, as the continued uptake of DER is projected to dampen 
increases associated with population growth and broader economic growth. 

The modelling shows that operating existing coal-fired generation up to the end of its technical life should lead to 
lower overall system costs, given the relatively high capital cost of new investments relative to the operating costs of 
existing plant.  

AEMO has used projections of reductions in technology costs31 in its modelling (refer Section 2.7.1). Based on these 
technology cost projections, the least-cost replacement of energy currently produced by coal is projected to be met 
through an efficient combination of: 

¶ Renewable energy ð a mixture of diversely located renewable generation (largely solar and wind),  
including DER. 

¶ Energy storage ð to smooth the production of variable renewable energy and provide backup supply and 
peaking (up to storage capacity). 

¶ Backup supply and peaking ð GPG to complement renewable energy production. 

¶ Increased transmission, including interconnection ð facilitating the efficient sharing of renewable energy, 
storage, and backup and firming services. 

The generation mix is therefore expected to be technologically diverse. This technology mix may diversify further in 
the future than current projections, if forecast technology cost reductions in emerging and maturing technologies 
increase more rapidly than current expectations. 

Coal-fired generators, historically the lowest-cost generation and operated as base load power supplies, are 

projected to increasingly be operated at lower utilisation levels, as lower marginal cost renewable generation (from 
grid-connected and distributed sources) displace production from existing coal-fired generation in NEM dispatch (and 
other generation sources such as GPG). 

By 2040 under the Neutral scenario, the energy production from retired coal-fired generation is projected to be 
replaced with about 28 GW of large-scale solar generation and nearly 10.5 GW of wind generation (in addition to 

the 4.5 GW already installed), complemented by over 17 GW of new and existing storage capacity. Due to resource 
availability of these generation technologies, this represents a significant increase in installed capacity (as shown in 
Figure 6 below) for a similar level of generation output.  

Typically, these variable renewable generation technologies require a greater land and network footprint than 

conventional coal-fired generation, and tend to be less variable in aggregate if geographically dispersed. This 
increases the future value of transmission which facilitates the sharing of surplus low-cost resources across regions, and 
maximises the value of geographic weather diversity. 

This projected resource portfolio provides a lower overall cost to deliver the energy and peak capacity needed than 
developing new replacement thermal generation, and supports large reductions in emissions (explained further in 
Section 3.1.4).  

                                                      
31 Technology costs have been selected from current, reputable public forecasts, and CSIROõs December 2017 projections provide a primary reference.  

Refer CSIRO, Electricity generation technology cost projections (2017-2050), issued December 2017. Available at: 
https://publications.csiro.au/rpr/download?pid=csiro:EP178771&dsid=DS2. 

https://publications.csiro.au/rpr/download?pid=csiro:EP178771&dsid=DS2
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Figure 6 Renewable generation development outlook, complemented by utility-scale storage technologies (Neutral case) 

 
 

The magnitude and depth32 of storage required in these outcomes will depend on the mix and location of renewable 
technologies and the flexibility that remains of the existing generation fleet:  

¶ While wind generation is typically available overnight and at higher annual energy contributions than solar 
generation, solar generation is more predictable during daylight hours.  

¶ The ability for existing portfolio generators to operate flexibly ð to ramp up and down as needed given the 
availability of lower-cost renewable energy ð will influence the needs for storage to smooth short-term generator 
intermittency. A less flexible existing portfolio will require faster control of storage devices, potentially increasing 
the value of a geographically diverse mix of shallow and deep storages. A more flexible portfolio, with faster 
operating capabilities, may need less control of storages to provide that flexibility (see Section 5.2.2 for more on 
flexibility). 

While utility-scale storage solutions are expected to become necessary additions to support renewable energy 
developments and coal-fired generation retirements, consumer-driven distributed storage systems are expected to 
provide a strong opportunity for demand management, even though the storage itself is relatively shallow. The ISP 
analysis assumes only a proportion of distributed battery penetration is controlled to manage demand at a grid level, 
with the remaining capacity operating to the householderõs own objective to minimise grid consumption (particularly 
when paired with a rooftop PV system). 

3.1.3 An increasing need for thermal generation to be flexible 

Thermal, synchronous generators traditionally have provided baseload generation, operating at all time and some 
ramping production to meet daily consumer demand patterns. As coal generation retires, and with the development of 
large amounts of variable renewable energy, there is an increasing need for synchronous generation to operate 
flexibly to assist in the management of renewable energy oversupply and variability.  

While remaining coal generation is expected to continue to provide baseload generation, operating between 
minimum and maximum load depending on renewable energy and the demand from consumers, the role of GPG is 

expected to evolve throughout the forecast. Projected future gas prices are expected to reduce the annual volume 
generated from GPG. Instead, GPG provides a complementary role to variable renewable energy resources, 
generating at times of low wind or solar availability. No development of new high-utilisation GPG such as 
combined-cycle gas turbines (CCGT) is expected, based on the development and operational costs modelled, under 
current gas price assumptions. 

Storage technologies are forecast to provide an energy shifting service, smoothing out production throughout the day 
and through the evening. However, the demand for baseload generation in daylight hours is predicted to decline 
significantly.  

Figure 7 shows the changing average daily output across the horizon of variable renewable energy, storage, and 
synchronous generation. That is, the generation mix, by hour, averaged across each day in the year. It demonstrates 
the need for increasing flexibility of synchronous generation, with increased thermal unit cycling33 (where units shut 
down on a regular basis ð perhaps seasonally) more likely during periods of high renewable generation and/or low 
underlying demand. 

                                                      
32 Storage technologies can be referred to as either ôshallowõ or ôdeepõ, reflecting the size of the storage and the role that they may play. In the ISP AEMO refers to 

shallow storages as those that have energy storage shifting capabilities of two hours or less, whereas deep storages refer to those devices with six hours or more.  

33 Cycling refers to regularly operating generators to switch off during times when the generation is not required, and switching on to support higher load times. 
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Figure 7 Evolution of the average daily contribution by category across the NEM  
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Figure 8 below demonstrates the average generation of wind and utility-scale solar generation, relative to the 
available resource. It shows that renewable energy may at times be underutilised, which may be due to a number of 
factors including: 

¶ Congestion within the transmission network. 

¶ Economic decisions of generation portfolios to maintain minimum operation levels of synchronous generators, to 
avoid the costs associated with cycling.  

Greater transmission development or energy storage solutions may allow even greater capture of renewable 

generation. The operating strategies for energy storage devices to maximise energy shifting, or reserve greater 
capacity to be available to cater for short-term risks, will influence the overall utilisation of storage. 
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Figure 8 Average utilisation of utility-scale renewable generation (wind [left] and solar [right], Neutral scenario) 

  

3.1.4 Emissions reductions 

The various scenarios were constrained in modelling to achieve the emission reductions set out in the input assumptions 
(Section 2.3). In the short term, the relevant emissions reductions are delivered, consistent with the National Energy 
Guarantee. In the longer term, emissions are reduced as new renewable generation replaces energy previously 
supplied by retiring coal-fired generation, along with the development of increasingly coordinated DER. 

3.2 Projected resource mix by scenario 

3.2.1 Neutral case, with and without storage initiatives 

The future portfolio of resources in the Neutral case (with and without storage initiatives) is expected to include a 
large share of renewable energy, given the decline of renewable generation costs and the need to replace ageing 
coal capacity. Initially, these technologies are projected to be developed according to existing commitments, then to 
meet state renewable energy targets34, and finally to provide the energy required to replace retiring thermal plant. 
Given anticipated cost reductions, utility-scale solar is expected to provide the majority of renewable energy 
developments, with a lesser amount of wind generation providing resource diversity. This renewable energy is 
complemented with storage solutions and GPG.  

Energy storage is projected to smooth renewable energy production, particularly from daytime to evening peak and 

overnight periods. This energy-shifting role of storage will be essential for generation technologies like solar that are 
concentrated in the daytime. By the 2030s, as coal-fired generation retires, the cost of even a 1:1 installation of solar 
with storage backup for capacity firming is projected to be on par with, or lower than, currently projected costs for 
new entry coal, ignoring any new policy drivers to further limit emissions.  

In the next five years, the outlook contains a mix of committed developments and renewable expansions, particularly 
in Queensland and Victoria. Approximately 300 MW of fast-responding GPG is also projected to be installed by the 
time the coal-fired Liddell Power Station in New South Wales retires in 2022.  

This capacity is forecast to be complemented by additional transmission capacity to share resources between 
Queensland and Victoria to New South Wales, which (with some capacity being provided through renewable 
resources) is expected to provide for peak load conditions. More work however is needed to ensure that the reliability 
standard can be achieved with this mix of generation35.  

                                                      
34 The Clean Energy Regulator has confirmed that there is now enough new renewable energy project capacity under construction or already built to meet the 2020 RET. 

Source: http://www.cleanenergyregulator.gov.au/RET/About-the-Renewable-Energy-Target/Large-scale-Renewable-Energy-Target-market-data/large -scale-
generation-certificate-market-update/large-scale-generation-certificate-market-update-may-2018. 

35 The ISP is not a capacity adequacy assessment, and is not equivalent to the detailed assessments required to project the achievement or not of the Reliability 
Standard. The Electricity Statement of Opportunities (ESOO) fulfils this role. 
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The modelling considers the value of retirement of coal-fired generation capacity earlier than technical life. The 
modelling showed that continued operation of existing coal-fired generation was a lower cost outcome, given the sunk 
nature of capital costs associated with the existing coal-fired generation fleet, and the investment costs of replacing 
this energy with new resources. 

Figure 9 below demonstrates the projected evolution of the generation mix in the NEM to 2040 in the Neutral case, 
and Figure 10 shows the year-on-year changes in installed capacity: 

¶ To 2030 ð delivery of committed renewable generators as well as forecast renewable expansion is projected to 
meet renewable energy targets, with some GPG, storage, and transmission providing firming support to replace 
the announced closure of Liddell, as well as projected retirements of the Vales Point (New South Wales) and 
Gladstone (Queensland) power stations at end of technical life.  

¶ By 2040 ð portfolio development of about 54 GW of new capacity (with an additional 19.2 GW of distributed 
storage and rooftop PV) is projected to replace 16.4 GW of coal- and gas-fired generation (including about 1.4 
GW projected economic withdrawal of GPG).  

¶ The overall capacity of dispatchable generation36 is projected to remain broadly constant at around 40 GW, 
although the mix of dispatchable capacity is expected to shift to include greater amounts of storage. 

Figure 9 Forecast NEM generation capacity in the Neutral case  

 

  
 

                                                      
36 Dispatchable capacity in this context refers to generation that is not intermittent, and can theoretically be operated at any level on demand. This includes thermal 

plant (coal and gas), hydro-electric, biomass, and storage (including the assumed portion of distributed storage that is aggregated). It excludes variable renewable 
generation ð solar and wind generation. 
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Figure 10 Relative change in installed capacity in the Neutral case, demonstrating the shift from coal to renewable energy 

 
 

The Neutral case considered storage systems with up to six hours of energy storage, at a capacity that is optimally 
sized based on the renewable energy developed. Development of deeper storages (such as that offered by pumped 
hydro) may be more efficient than on-site shallow battery storages, although there will likely exist a role for both 
shallow and deep storages. 

The large initiatives included in the Neutral case with storage ð the Snowy 2.0 and Battery of the Nation initiatives ð 
provide large storage capacities (MW) and energy storages (MWh), with Snowy 2.0 providing up to seven daysõ 
worth of energy storage, or approximately 350 GWh37, and the Battery of the Nation project up to 24 hours of 
storage38.  

Figure 11 demonstrates that, despite the larger size of these initiatives, the overall storage capacity in both Neutral 
cases is very similar. Figure 11 also clearly demonstrates the significant difference in the volume of energy that can 
be stored within these initiatives, which will increase the capability of portfolio operators and AEMO to manage short-
term risks, rather than just providing a firming and daily energy smoothing service. A more detailed regional 
breakdown of energy storage across the NEM in both scenarios is provided in Section 5.2.3. 

                                                      
37 See http://www.snowyhydro.com.au/wp-content/uploads/2017/12/SH1045_SummarySnowy20_web.pdf. 

38 See https://www.hydro.com.au/docs/default-source/clean-energy/battery-of-the-nation/future-state-nem-analysis-full-report.pdf?sfvrsn=25ce928_0. 
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Figure 11 New energy storage comparison (capacity [MW, left] and energy [GWh, right]) of the Neutral with storage 
initiatives case relative to the Neutral case 

  

The optimal portfolio of resources and transmission in the Neutral case with storage is also very similar. As shown in 
Figure 12, the earlier development of large, deep storages (Snowy 2.0 and Battery of the Nation), results in: 

¶ Greater utilisation of existing coal-fired capacity (with reduced utilisation of GPG) and deferring some 
investments in additional solar generation in the 2020s, and 

¶ More technological diversity in the renewable energy generation mix (an increased share for wind generation 
than the Neutral scenario), with less utility storage capacity in the long term. 

In both Neutral cases, the overall increase in installed capacity is projected to result in nearly double the installed 
generation capacity of the current NEM by 2040, even though operational consumption remains relatively static. 
Utility-scale storage capacity is forecast to represent approximately 19% of the total transmission-connected capacity 
installed. By 2040, the NEM generation mix is forecast to include approximately 60 GW of utility-scale variable 
renewable generation (solar and wind generation) and storage capacity, and 27 GW of distributed storage and 
rooftop PV capacity. 

Figure 12 Change in generation mix (capacity, MW installed) of the Neutral with storage initiatives case relative to the 
Neutral case 
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Figure 13 below shows the projected overall energy generation to meet NEM consumer needs in the Neutral case.  

The figure includes DER, to demonstrate the portfolio of resources to deliver energy demanded at the power points of 

consumers (òunderlying demandó). It demonstrates that much of the growth in consumer demand is projected to be met 
through DER, and also highlights the profound change in generation mix over the plan period, with significant 
reduction in coal-fired generation. As existing generation retires, there is an increased reliance on storage 
technologies to complement renewable generation. Energy storage charging inefficiency39 is projected to increase 
operational consumption after 2030, with greater usage of energy storage devices.  

Figure 13 Forecast NEM energy generation in the Neutral scenario  

 
 

3.2.2 Slow change scenario 

The Slow change scenario forecasts the necessary developments with lower economic growth and lower overall grid 

consumption. It assumes greater capacity of controllable dispatchable residential storage, with both increased 
aggregation of DER available for load management and a larger future DER resource.  

Figure 14 below outlines the projected change in the generation mix under the Slow change scenario, while Figure 15 
shows the difference to the Neutral case. While solar and storage are still projected to play a role in this Slow change 
pathway, their penetration is lower and occurs in later years relative to the Neutral case. Overall, almost 38 GW less 
capacity is forecast to be needed due to the slower growth conditions, however age-driven coal retirements still result 
in the need for replacement capacity.  

                                                      
39 Energy storage devices require energy to ôchargeõ the technology, and the efficiency of this charging is imperfect. More energy is consumed in pumping water from a 

lower storage reservoir to an upper storage reservoir than is then available when released from that upper reservoir. This is also the case with battery storage 
devices. The net energy cost of storage solutions is captured in the modelling. 

-100,000

-50,000

0

50,000

100,000

150,000

200,000

250,000

300,000

G
e

n
e

ra
ti
o
n

 (
G

W
h

)

 Black coal  Brown coal  Hydro  CCGT

 Peaking gas + liquids  Biomass  Distributed storage generation  Utility storage generation

 Wind  Utility Solar  Rooftop PV  Utility storage load

 Distributed storage load



 

© AEMO 2018 |  Integrated System Plan 41 
 

Figure 14 Projected generation mix (capacity, MW installed) by technology, Slow change scenario 

   
 

Figure 15 Projected change in generation mix, Slow change scenario relative to Neutral case 

  
Where the change in generation mix is negative, this means that there is less generation capacity in the Slow change scenario compared to the 
Neutral scenario. The lesser capacity is due to the change in overall energy consumption in the Slow change, resulting in a lesser need for 
generation. 

The impact of assumed slower economic growth has a large impact on projected coal-fired generation across the 
forecast horizon, as Figure 16 shows. The reduction in coal utilisation may increase the risk of seasonal mothballing or 
retirement of existing plant, however the modelling has identified that the portfolio of coal-generation can operate 
feasibly and economically until the scheduled retirements. Further work would be needed to further assess the 
continued operations or mothballing potential of generators to avoid lower overall utilisations. 
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