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Executive summary The uptake of rooftop solar photovoltaic systems, battery storage, electric vehicles and other technologies at the distribution level in Australia's electricity sector is having a significant impact on the way that consumers use electricity. Technological innovation is making the functions these devices perform smarter, cheaper and more accessible to a wider range of users. This change is greatly expanding the choices that consumers have to manage their energy needs and can potentially deliver significant efficiency benefits as well as improvements to the reliability and security of the provision of electricity services. These 'distributed energy resources' are capable of providing a range of services to a number of different parties. For example: •



a consumer may use a battery storage system to maximise the value of its solar PV system



•



the distribution network business may procure the services provided by that system to manage network congestion



•



an energy service company may, on the consumer's behalf, use the system to provide frequency control ancillary services to the Australian Energy Market Operator (AEMO).



Each of these services is a potential source of value and revenue, but not all of these can be monetised together - that is, by the same distributed energy resource at the same time. For example, a battery could be used to alleviate network congestion (by being discharged) or to decrease frequency (by charging), both of which could be required at the same time. The party who controls the asset is therefore required to make trade-offs between the value they place on utilising or selling the various services that the asset is capable of providing at any point in time. For example, one consumer might place a high value on having backup power, and so not provide network or wholesale services in order to have their battery fully charged as often as possible. Another consumer might place a higher value on the payment its local DNSP provides them in return for use of their battery at times of network congestion. Historically, the development of distribution networks, and the regulatory arrangements that underpin them, have been focused on distribution network businesses providing sufficient network capacity to meet increasing consumer demand while maintaining the safety, reliability and security of electricity supply. There are currently few ways for consumers to signal at a particular point in time whether they would value providing services from their battery to a DNSP or an aggregator, or using the energy themselves. In light of the increasing uptake of distributed energy resources and the range of services these technologies are capable of providing, distribution system operations and associated regulatory arrangements is likely to require greater consideration of two issues: Executive summary
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•



The value from optimising investment in and operation of distributed energy resources. Optimisation provides a way to send signals to whoever has control of the distributed energy resource to provide the service that will deliver the most value to the consumer at that point in time. An optimising service, gives consumers the ability to maximise the benefits of an investment in distributed energy resources by enabling them to, if they choose, receive the maximum possible benefit of utilising and selling the full range of services that the distributed energy resource is capable of providing, given transaction and information costs, and technical constraints. Consumers may choose to 'optimise' the operation of their distributed energy resources themselves, or give this function to an agent, for example, their electricity retailer or energy service company, to optimise the resource's operation on their behalf.



•



The value from coordinating the operation of distributed energy resources with the wholesale market. That is, consideration of how distribution networks can, in both a technical and regulatory sense, enable the efficient use of distributed energy resources in distribution markets and effective access for distributed energy resources to participate in transmission-level markets, such as the wholesale market.



The Commission considers that any evolution of distribution systems needs to be an evolution where consumers and their chosen energy service providers are in the driving seat. This will give these parties more control over how their distributed energy resources are used. The Commission also recognises, however, that while there needs to be consideration of how regulatory and market frameworks should evolve to facilitate choice, that evolution must occur in a way that maintains a safe, secure and reliable supply of electricity. The evolution should balance the benefits from the customer-led roll out of these technologies, with the needs of networks to manage the system impacts. This report outlines the need for a way to buy and sell energy and related services at the distribution level in a more dynamic way, in response to price signals and consumer preferences. This means that if consumers want to use the electricity from their solar panels or batteries they can, and if they do not need it - or value the income more from selling it more than their own use - they can sell it to whoever values it the most at a particular point in time. These concepts of a distribution-level market are being considered by a number of organisations, and in different international jurisdictions, including the Victorian Essential Services Commission, CSIRO and Energy Networks Australia, and Ofgem. The report also sets out the key characteristics of a future that enables investment in and operation of distributed energy resources to be optimised to the greatest extent possible, specifically: •



the need for an 'optimising service': a customer-facing, optional service aimed at maximising the value of distributed energy resources
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•



the function associated with operating the distribution system - the party responsible for maintaining distribution system security as issues become more localised



•



consideration of how network capacity is provided i.e. using traditional network build or distributed energy resources.



The Commission makes a number of findings on how these aspects can be further progressed in order to make sure that we have flexible and resilient arrangements for the future. These findings represent short-term actions that need to be undertaken in order to facilitate distribution-level markets, and so more readily incorporate distributed energy resources into our markets. These are summarised below. These findings are pre-conditions for the development of any distribution-level market. How the market develops, or, indeed, how far it develops, will be driven by consumers and energy service providers acting on their behalf, who will progress opportunities to develop the market organically. Centrally coordinated orchestration of such a market is likely to result in inefficient and costly outcomes. The analysis undertaken through this project, and the associated findings, are also relevant to the strategic priorities for the development of flexible and resilient energy markets. In particular, the findings align with the Commission’s 2015 Strategic Priorities, related to network transformation, and are expected to feature in the Commission’s 2017 energy sector strategic priorities, which are currently under consideration. The terms of reference for this work are included at appendix E.
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Box 1



Summary of findings



1.



The AEMC will examine the ways in which parties providing 'optimising services' can better coordinate with wholesale market operations undertaken by AEMO as well as alternative ways of facilitating greater co-ordination between distribution level markets and the wholesale market through the Reliability Frameworks Review.



2.



Given the regulatory obligations that distribution network service providers (DNSPs) have to maintain a safe, secure and reliable network, the AEMC requests that Energy Networks Australia in consultation with relevant stakeholders (e.g. the Reliability Panel), start to explore what minimum level of control DNSPs need to have over distributed energy resources in order to enable higher levels of distributed energy resources for future distribution level markets, without compromising these regulatory obligations.



3.



DNSPs commit to developing and publishing more dynamic information about congestion (i.e. system limitations) and technical issues (e.g. voltage issues) at more localised levels of their networks. The AER, through its development and refinement of the Distribution Annual Planning Report template, 1 will be able to monitor developments in this space and work with DNSPs to make sure such information is being provided on a meaningful, and consistent basis, across the different distribution networks.



4.



The AEMC requests that AEMO continue to identify any information gaps related to distributed energy resources for the purposes of maintaining power system security through its Future Power System Security work program, such as technical assessments of whether, and if so, at what level of aggregation, data about the operation of distributed energy resources is needed. Such work will be used as an input into the AEMC's System security work program.



5.



Network tariff reform is a key enabler for the efficient deployment of distributed energy resources. All jurisdictions should allow the DNSPs to progress the implementation of cost-reflective network tariffs including locational pricing.



6.



Through the 2018 Electricity Network Economic Regulatory Framework Review, the AEMC will consider the arrangements for distribution network access and connection charging for distributed energy resources in Chapters 5A and 6 of the NER.



1



See: https://www.aer.gov.au/networks-pipelines/guidelines-schemes-models-reviews/distribution-a nnual-planning-report-template
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7.



The AEMC notes that Energy Networks Australia, has already commenced a program of work to develop nationally consistent distributed energy resources connection guidelines, which includes a review of the process and technical requirements for the connection of micro embedded generators across DNSPs. The AEMC also acknowledges that Energy Networks Australia plan to develop these guidelines in consultation with relevant stakeholders. The AEMC therefore support this approach and requests that Energy Networks Australia proceeds with this work program and uses these stakeholders to obtain industry agreement on a common approach.



8.



The AEMC will assess the potential for distributed energy resources to provide frequency control services and any other specific challenges and opportunities associated with their participation in system security frameworks through the Frequency control frameworks review.



9.



The AEMC requests that the Clean Energy Council explore the merits of seeking accreditation of a body to develop standards, which are not already covered in the NER, that will facilitate the connection of distribution energy resources.
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Introduction



1.1



Objective of the project



This project forms part of the Australian Energy Market Commission's (AEMC's or Commission's) technology work program, which seeks to explore whether the energy market arrangements are flexible and resilient enough to respond to changes in technology. 2 It builds on the analysis undertaken by other projects in the technology work program, including the Integration of storage report, which was published in December 2015. 3 The Distribution Market Model project is intended to be a forward-thinking, strategic piece of analysis used to inform the Commission’s assessment of rule change requests, and its advice to governments. The purpose of the project is to examine how distributed energy resources might drive an evolution to a more decentralised provision of electricity services at the distribution level, the incentives or disincentives for business model evolution, and whether changes to the regulatory framework, how distribution systems are operated, and to market design more broadly are needed to enable this evolution to proceed in a manner consistent with the National Electricity Objective (NEO). To achieve this purpose, the Commission has explored: •



the technical opportunities and challenges presented by distributed energy resources



•



what, if any, new roles, price signals and market platforms are required to 'optimise' 4 the deployment and use of distributed energy resources



•



how the role of distribution network service providers (DNSPs) may need to adapt to facilitate a transition to a more decentralised market for electricity services



•



whether the existing electricity regulatory framework impedes or encourages innovation and adaptation by DNSPs to support the efficient uptake and use of distributed energy resources



•



whether changes to the existing distribution regulatory arrangements, or design of the market, are necessary to address any impediments to efficient business model evolution.



The project is not intended to be a prediction of or pathway for future regulatory reform. Rather, it is an exploration of the key characteristics and 'enablers' for a future 2



See: http://www.aemc.gov.au/Major-Pages/Technology-impacts



3



See: http://www.aemc.gov.au/Markets-Reviews-Advice/Integration-of-storage
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Defined in section 1.4. Introduction
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where investment in and operation of distributed energy resources is optimised to the greatest extent possible, while addressing any technical impacts as they arise. The Commission considers that consumer choices should continue to drive the development of the energy sector. The availability and uptake of distributed energy resources is enabling electricity customers to make decisions about how they consume electricity. These choices are driving investment in particular technologies. Market design and regulatory frameworks may need to be modified to better provide consumers with signals about the costs and benefits of their decisions to allow them to make efficient decisions, aligning individual decisions with the long-term interests of consumers more generally. The Commission has been amending the regulatory framework over recent years to reflect the changes brought about by distributed energy resources. However, more significant changes to this market design and the regulatory framework may be needed over the long term as the type and prevalence of distributed energy resources increases, and other enabling communication and information technologies become more wide spread. Through this report, the Commission has assessed these proposed changes against the NEO and associated principles that are summarised in Box 1.1. Box 1.1



Assessment framework



The overarching objective that has guided the Commission's approach is the NEO. The NEO is set out in section 7 of the NEL, which states: “The objective of this Law is to promote efficient investment in, and efficient operation and use of, electricity services for the long-term interests of consumers of electricity with respect to: (a)



price, quality, safety, reliability and security of supply of electricity and



(b)



the reliability, safety and security of the national electricity system.”



The Commission has also developed a set of principles to guide its analysis of the technical and regulatory challenges raised by distributed energy resources, the possible models of future distribution system operation that may be available to address them, and their advantages and disadvantages. These principles are summarised below, and discussed in more detail in appendix C:
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•



facilitating effective consumer choice



•



promoting competition



•



promoting price signals that encourage efficient investment and operational decisions



•



enabling technological neutrality Distribution Market Model



•



preference for simplicity and transparency



•



regulate to enable the safe, secure and reliable supply of energy, or where it would address a market failure, where the costs of regulation to consumers associated with addressing the market failure outweigh the cost to consumers of the market failure itself.



1.2



Progress to date



1.2.1



Approach paper



The Commission published an approach paper on this project in December 2016, 5 which: •



communicated the objective and scope of the project



•



established the 'starting point' - that is, what the role of a DNSP is under the existing regulatory arrangements



•



set out the Commission's analysis of the technical opportunities and challenges presented by distributed energy resources



•



described the Commission's framework for how the opportunities and challenges of an increased uptake of distributed energy resources would be assessed through this project



•



sought feedback from stakeholders on each of the above items.



The Commission received 24 written submissions on the approach paper, which are available on the AEMC website. 6 1.2.2



Draft report



The Commission published a draft report on this project in June 2017, which: •



clarified the project scope, key definitions and market design principles in response to stakeholder submissions on the approach paper



•



set out the key characteristics and enablers for a future where investment in and operation of distributed energy resources is optimised to the greatest extent possible



•



identified and assessed the barriers (if any) to these enablers



5



See: http://www.aemc.gov.au/Markets-Reviews-Advice/Distribution-Market-Model
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Ibid. Introduction
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•



sought feedback from stakeholders on the materiality of any barriers, and possible ways to address them.



A summary of the draft report is available in the form of a pre-recorded webcast on the AEMC website. 7 The Commission received 32 written submissions on the draft report, as well as 2,494 submissions from Solar Citizens supporters, which are available on the AEMC website. 8 The comments made by stakeholders in submissions to the approach paper and draft report have informed the development of this final report, and are discussed and referred to where relevant.



1.3



Purpose of this final report



The purpose of this final report is to build on the views and analysis set out in the draft report, and draw on the feedback from stakeholders in their submissions to the draft report, to: •



further clarify the Commission's thinking on the need for optimisation and coordination under a distributed market model



•



provide further analysis of the market and technical enablers of a future where investment in and operation of distributed energy resources is optimised to the greatest extent possible



•



set out the Commission's findings on possible ways to address any identified barriers to the development of a market-based approach to the increased deployment of distributed energy resources, and how these will be progressed through current and future projects.



1.4



Key terms



Both the approach paper and draft report set out the Commission's proposed definitions of some key terms, including 'distributed energy resources' and 'distributed generation'. These definitions have evolved over the course of the project, incorporating stakeholder feedback. Table 1.1 sets out the Commission's revised definitions of these key terms used in this final report. The key changes to these terms, compared to those used in the draft report are: •



Our definition of distributed energy resource is now "an integrated system of energy equipment co-located with consumer load" that is, encompassing both



7



See: http://www.aemc.gov.au/Markets-Reviews-Advice/Distribution-Market-Model
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Ibid.
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'smart' (the ability to respond automatically to short-term changes in prices or signals from wholesale markets or elsewhere in the supply chain) as well as 'passive' devices (for example, a rooftop solar PV system that generates and feeds power into the grid when the sun shines, rather than in response to short-term changes in prices or signals from elsewhere in the supply chain). It is worth noting that we envisage that these 'passive' devices will become 'smart' as the minimum technical requirements of such systems are updated over time, 9 and, if the incentives to do so exist and the cost of doing so is not prohibitive. This responds to stakeholder feedback that this definition should include both of these types of devices since the majority of existing distributed energy resources are solar PV, which is already having significant impacts. 10 Further, while passive distributed energy resources may be unable to respond to price signals in an operational sense, owners of these devices will respond to price signals and factor in their preferences when making investment decisions. Therefore, both 'smart' and 'passive' devices have the potential to create technical impacts and change the way we think about distribution network operation. •



We have separated out three different areas of optimisation (which are discussed in more detail in chapter 3). Stakeholder feedback highlighted that the Commission had not been clear enough in describing the 'optimising function' and so we have attempted to address this by highlighting the following differences: —



the 'optimising service' - the customer-facing, optional service to maximise the value of distributed energy resources by responding to network, retail, wholesale, and other service prices, and co-ordination of this with AEMO's central dispatch where relevant



—



the 'distribution system operator' role - that is, the party responsible for maintaining distribution safety and system security as issues become more localised



—



'network capacity provision' - how network capacity is provided i.e. using network solutions such as network build, or using distributed energy resources.



These terms are defined here for the purposes of describing and explaining concepts in this report only - that is, they are not intended to reflect specific definitions set out in the NER or other regulation, and therefore may have other interpretations or meanings beyond the scope of this report. 11



9



For example, the Australian Standard 4777:2:2015 prescribes mandatory and voluntary demand response and power quality response models for all inverters installed after October 2016.



10



Submissions to draft report: AER, p. 4; Energy Networks Australia, p. 17; SA Power Networks p. 2; CEEM UNSW, pp. 7-8.
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Further, not all of the 'services' defined below are services for the purposes of the NER. Introduction
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Table 1.1



Definitions of key terms



Term



Definition



Common distribution services



The suite of services and activities involved in operating and distributing electricity to customers safely, reliably and securely in accordance with the regulatory framework, for example planning, designing, constructing, augmenting, maintaining, repairing, managing and operating the distribution network to meet demand.



Customer services



The services enabled by distributed energy resources that are of benefit to consumers themselves, for example the ability to manage their electricity demand, reduce their reliance on the grid, maximise the value of their solar PV system, provide back-up supply or arbitrage their retail tariff. These services are described in Figure 2.4.



Distributed energy resources



An integrated system of energy equipment that is connected to the distribution network.



Distribution-level markets



Markets for the provision of electricity services in distribution networks, for example the competitive procurement of services enabled by distributed energy resources for the purposes of managing network congestion or facilitate peer to peer trading. 12



Distribution system operation function



The function of maintaining distribution system security as issues become more localised, and how this is coordinated with AEMO's central dispatch. 13



Energy equipment



Includes a range of technologies, such as battery storage, electric vehicles, rooftop solar PV systems, or household appliances such as refrigerators and dishwashers.



Network capacity provision



How network capacity is provided i.e. using network solutions such as network build, or using distributed energy resources.



Network services



Those services enabled by distributed energy resources that can be procured by a DNSP from the owners of those distributed energy resources as an input to providing common distribution services. These services are described in Figure 2.4.



Optimise



To make efficient decisions about investment in and operation of a distributed energy resource, given any technical constraints that leads to minimisation of total system costs.



12



We use the term ‘competitive procurement’ here in the economic sense – that is, the buying and selling of services enabled by distributed energy resources by competing businesses in response to market-based signals, not the DNSP’s provision of the common distribution service, which could include the procurement of network services from distributed energy resources.



13



We use the term in the more general sense of operating the distribution system in a future where there is high levels of distributed energy resources. We do not mean the current term defined in Chapter 10 of the NER, being a "Distribution System Operator, a person who is responsible under the Rules or otherwise, for controlling or operating any portion of a distribution system (including being responsible for directing its operations during power system emergencies) and who is registered by AEMO as a Distribution System Operator under Chapter 2". This definition is a useful starting point, but could need modification in a future with effective distribution-level markets.
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Term



Definition



Optimising service



The customer-facing, optional service to maximise the value of distributed energy resources by responding to network, retail, wholesale and other service prices i.e. responding to signals that inform how to invest in or operate a distributed energy resource in a way that delivers the most value at a particular point in time. This function could be carried out by multiple parties, by market participants (e.g. consumers themselves) or consumers' energy service providers responding to price signals and consumer preferences on their behalf.



Smart



The ability to respond automatically to short-term changes in prices or signals from wholesale markets or elsewhere in the supply chain.



Transmission- level markets



Markets for the provision of electricity services at the transmission-level, such as the wholesale market operated by AEMO or the competitive procurement of services enabled by distributed energy resources for the purposes of managing transmission congestion.



Wholesale services



The services enabled by distributed energy resources that can be procured in the wholesale market (i.e. generation of electricity) or used for ancillary services. These services are described in Figure 2.4.



1.5



Project scope



The approach paper and draft report set out the Commission's proposed scope for this project. In submissions to the approach paper, and to the draft report, stakeholders largely supported the Commission's proposed scope for the project, but asked that the AEMC also include consideration of other issues. Appendix A sets out the issues proposed by stakeholders to be included within scope, the Commission's conclusion on whether or not it has been added to the project scope and, if not, whether that issue is being considered though a separate project.



1.6



Related work



This project is intended to complement the range of work being undertaken by the Commission and other parties regarding distributed energy resources, distribution networks and interactions with the electricity regulatory framework. It is intended to be a forward-thinking, strategic piece to inform the Commission’s analysis of rule changes and reviews, and its participation in external projects. These projects are summarised in appendix B. Figure 1.1 summarises the AEMC related rule changes and reviews.
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Figure 1.1



Relevant AEMC rule changes and reviews



The analysis undertaken through this project, and the associated findings, are also relevant to the strategic priorities for the development of flexible and resilient energy markets. In particular, these findings align with the Commission’s 2015 Strategic Priorities, particularly related to network transformation and are expected to feature in the Commission’s 2017 energy sector strategic priorities, which are currently under consideration. The terms of reference for this work are included at appendix E.



1.7



Structure of this report



This report is structured as follows: •



chapter 2 summarises the context for the Commission's consideration of this work



•



chapter 3 sets out the Commission's vision for how investment in and operation of distributed energy resources can be optimised under a distribution market model, and how the operation of distributed energy resources can be better coordinated with wholesale markets



•



chapter 4 sets out the Commission's findings, informed by stakeholder input, on the near-term 'market' enablers that are needed to underpin any future design of distribution system operations, and ways to address any barriers to the implementation of these enablers



•



chapter 5 sets out the Commission's findings, informed by stakeholder input, on the near-term 'technical' enablers that will need to underpin any future design of distribution system operations, and ways to address any barriers to the implementation of these enablers
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•



appendix A sets out the project scope



•



appendix B discusses AEMC and external related projects



•



appendix C presents the AEMC's assessment framework



•



appendix D presents a potential evolution for distribution system operations



•



appendix E provides a copy of the terms of reference for the 2017 Energy sector strategic priorities.
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2



Background



2.1



Uptake of distributed energy resources will continue to increase



There is expected to be a large future demand for distributed energy resource technologies, such as solar PV, energy storage and electric vehicles. This expected uptake is driven by a range of factors, including: •



the falling costs of these technologies 14



•



increasing functionality of these technologies 15



•



more sophisticated information and control technologies, and fast, cheap computing platforms 16



•



changing consumer attitudes to electricity supply and prices. 17



An increased uptake of distributed energy resources as a result of these factors is likely to support further innovation, increase the number of parties selling distributed energy resources and associated technologies, and increase the range of products and services available to consumers. Forecasts support these conclusions. For example, AEMO expects that: •



investment in rooftop solar PV systems will continue to grow, with nearly 20,000 MW installed by 2036-37 compared to less than 5,000MW in 2017 18



•



residential and commercial battery storage uptake will exceed 5,500 MW by 2036–37 19



14



For example, Bloomberg New Energy Finance predicts that battery packs are likely to experience cost declines at a rate of 19 per cent for every doubling of production due to productivity and efficiency improvements. Further, that the costs of inverters have halved from 2016 to 2017 due to the entrance of a number of competitive inverter manufacturers that have traditionally made inverters for solar plants. Source: Bloomberg New Energy Finance, Economic for some: Grid-scale batteries in Australia, 3 April 2017.



15



For example, the Tesla Powerwall 2 has double the storage capacity, at close to half the price, compared to the Tesla Powerwall 1, with these two models being released less than two years apart. See: http://www.cleanenergyreviews.info/blog/tesla-powerwall-2-solar-battery-review



16



SAPN notes that remote monitoring and control technology is evolving rapidly, and quickly expanding the range of cost effective solutions available. Installation of more intelligent devices such as distribution transformer monitors, SCADA enabled remote-controlled switching devices and advanced meters will help them to manage risk and network performance. See: SAPN, Distribution Annual Planning Report, p. 23.



17



The Commission's 2017 Retail energy competition review found that energy consumers have more choices to manage their energy use and are looking to take up new technology options. For example: 20 per cent of consumers now have solar panels; 21 per cent are likely to adopt battery storage in the next two years; and 18 per cent are likely to take up a home energy management system in the next two years.



18



AEMO, Electricity forecasting insights for the National Electricity Market, June 2017.
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•



while electric vehicle sales are forecast to remain low overall in Australia (by comparison with traditional vehicles) in the short term, the rate of increase of uptake will rise from 2020 onward. 20



The use of some of these technologies is likely to reduce peak demand. Figure 2.1 shows Bloomberg New Energy Finance's forecast of the capacity of demand response, small-scale solar PV and batteries relative to national aggregate peak demand out to 2040. Figure 2.1



'Behind the meter' capacity relative to national aggregate peak demand



Source: Bloomberg New Energy Finance, New Energy Outlook 2016.



There is also a large number of distributed energy resources already connected to Australia's distribution networks. As of April 2017, there were over 1.66 million solar PV installations in Australia, with a combined capacity of over 5.92 GW. 21 The existing and projected uptake of distributed energy resources present distribution networks with a range of opportunities and challenges.



19



Ibid.



20



Ibid.



21



See: http://pv-map.apvi.org.au/analyses Background
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2.2



Distribution networks were not originally configured with distributed energy resources in mind



At low levels of penetration, distributed energy resources can be, and have been, accommodated within Australia's distribution networks with little to no coordination or assessment of their cumulative impacts of the network. This is because networks generally have had spare capacity and so some ability to be able to adapt to the technical impacts of distributed energy resources. However, distribution networks are likely to be increasingly affected by distributed energy resources as penetration levels increase: being able to benefit from the services that such distributed energy resources could provide, as well as potentially experiencing a range of technical impacts (particularly if no action is taken to address them). These impacts are prompting some distributors to limit the installation of solar PV in parts of their network. The approach paper and draft report published on this project set out the Commission's analysis of the key technical impacts, such as those listed in Box 2.1, that an increased uptake of distributed energy resources can present to distribution networks. Stakeholders largely concurred with these technical impacts in their submissions to the approach paper, but had different views about the scale of each impact and how each should be, or is already being, addressed. 22 Distributed energy resources can also provide benefits to distribution networks, as discussed in section 2.4 below. Box 2.1



Technical impacts of distributed energy resources



•



Some distributed energy resources do not provide voltage or reactive power support, which can lead to voltage stability issues.



•



Distributed energy resources can, by displacing synchronous plant, reduce grid inertia and frequency response, which can result in high rates of change of frequency and potential loss of synchronism.



•



Inverter-connected distributed energy resources can increase harmonic distortion, the impact of which can include excessive heating, nuisance tripping, protection mal-operation and interference with communications



•



Distributed energy resources fuelled by intermittent sources of energy can result in unacceptable levels of flicker. This is more prevalent on electrically weak networks with large concentrations of distributed energy resources and low fault levels.



•



Distributed energy resources with no reactive power support will mean that the rest of the grid will need to supply reactive power, which may result in a lower grid power factor.



22



Submissions on approach paper: AEMO, pp. 5-7; Ausgrid, pp. 5-6; Australian Energy Council, p. 3; CitiPower and Powercor, pp. 1-2, 5-6; Clean Energy Council, pp. 6-7; Energy Networks Australia, pp. 15-16; Energy Queensland, Attachment A, p. 9; Jemena, p. 6; University of Sydney and Australian National University, pp. 19-20; Uniting Communities, p. 13.
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Distribution Market Model



•



If a feeder has distributed energy resources installed, surplus generation is fed back to the grid during times of low load. This reverse power flow may exceed equipment ratings, resulting in thermal overloading of equipment.



•



Many existing re-closing devices on distribution networks are not capable of reliably detecting distributed energy resources. If the distributed energy resources are not detected, the network could still be live, which can cause safety issues and unsynchronised switching.



•



Distributed energy resources could reduce fault levels to a point where the delineation between a fault and a load is challenging, which may result in the existing protection systems no longer detecting a fault. If the fault is not cleared, this could cause a danger to anyone in the vicinity and damage to equipment.



The nature and magnitude of these technical impacts will differ between distribution networks. 23 For example depending on: the network's size, topology and technical characteristics; the level of uptake of distributed energy resources; as well as other factors, such as jurisdictional requirements, or the culture and practices of the DNSP. 24 Therefore, some distribution networks will experience greater susceptibility to these technical impacts and so need to adapt to accommodate a higher penetration of distributed energy resources more quickly than others. Indeed, some DNSPs are already experiencing a number of the technical impacts set out in Box 2.1, and so are more progressed than others in gaining awareness of and responding to these impacts as they arise. 25 There is also a number of trials underway seeking to gather better information about the technical characteristics of networks and the impacts, or possible benefits, of distributed energy resources. 26



23



The KPMG report for the Australian Energy Council also noted this: network impacts are unlikely to be uniform - both in time and magnitude - across all distribution networks. See: KPMG, Distribution Market Models: Preliminary Assessment of Supporting Frameworks, Report for the Australian Energy Council, June 2017, p. ix.



24



Energy Networks Australia noted that many of the impacts are being seen today e.g. reverse power flow. Unprecedented penetration of bi-directional electricity flow could breach constraints at the distribution level, and even at transmission level and put overall system security of supply at risk. See: Energy Networks Australia, submission to draft report, p. 1.



25



Conversely, Ausgrid noted that one third of Ausgrid residential dwellings are apartments, as well as one third being rented. Customers in these residences have limited access to distributed energy resources. Accordingly, Ausgrid has not experienced the technical impacts of distributed energy resources to a material degree. See: Ausgrid, submission to draft report, p. 1.



26



For example, the UTS Institute for Sustainable Futures has developed a network opportunity map, which seeks to inform the market about locations where investment in demand management and renewable energy may reduce the need to invest in poles and wires assets. See: https://www.uts.edu.au/research-and-teaching/our-research/institute-sustainable-futures/our-r esearch/energy-and-climate-1 Background
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Box 2.2



Example: South Australian Power Networks



Since 2009, SA Power Networks (SAPN) has experienced a significant increase in the level of installed solar PV systems, from negligible penetration levels of less than 20 MW in 2009/10 to installed capacity in excess of 734 MW in 2015/16. This represents more than a sixth of SAPN's peak system demand, and has resulted in SAPN having the equal highest PV penetration levels as a proportion of system demand in Australia. As a proportion of SAPN's 850,000 customers, approximately 25 per cent have a PV system installed. This has altered the supply-demand balance in most, if not all regions in South Australia. The figure below provides an indication of the effect these PV systems have had on both the daily demand profile since 2009 as well as on shifting the peak demand period at a zone substation level from the traditional 17:00 to 18:00 hours period to 19:00 to 20:00 hours. Figure 2.2



Load Profile Consumption



Source: SAPN, Distribution Annual Planning Report 2016/17 to 2021/21, 2016.



Figure 2.3 indicates the projected decade in which zone substations in Australia will reach a threshold penetration of rooftop solar PV adoption (40 per cent). This metric is indicative of reverse power flow i.e. distribution networks having to actively manage two-way flows across their network. The figure demonstrates how different areas of the network will reach threshold penetrations at different times. South Australia is clearly going to experience these issues significantly ahead of other areas of Australia.
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Distribution Market Model



Figure 2.3



Decade in which zone substations likely to experience reverse power flow



Source: Energy Networks Australia and CSIRO, Electricity Network Transformation Roadmap: Final report, April 2017. The Commission considers that the capability of most of Australia's DNSPs to recognise and resolve these impacts is improving, particularly given that the networks were not originally configured to deal with distributed energy resources e.g. there is little monitoring equipment on low voltage parts of the network. As a result, most existing, small distributed energy resources ( 
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