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1. Introduction and overview  

1.1. Objectives of the study 

From an economic perspective, the benefits accruing from the increasing uptake of DER in the 
National Electricity Market (NEM) will be maximised if the price signals and other aspects of the 
market arrangements incentivise: 

 DER investment: 

 at the right scale, at the correct location, and at the right time (allocative efficiency), and 

 at the least cost (productive efficiency); and 

 DER operation in such a way that it is allocated to its highest value use in its location at any 
specific time, so as to maximise its economic value (allocative efficiency). 

Having appropriate price signals for incentivising both efficient investment in, and operation of, 
DER are fundamental to the achievement of the National Electricity Objective. The corollary is 
that an uncoordinated approach to DER deployment (i.e., one not driven by the underlying 
economic benefits and costs of DER) will almost certainly lead to DER being installed at an 
inappropriate scale, and potentially in the wrong locations and at the wrong times, as well as it 
being operated in a manner that does not maximise economic efficiency.  

Accordingly, the overall objective of this study is to determine how price signals can be structured 
and presented so as to best reflect the value that DER at customer sites or elsewhere within the 
distribution can provide to the electricity value chain so that DER investment is driven by market 
forces, maximised at the appropriate points in the energy delivery chain and developed at the 
right scale within the NEM1. 

1.2. Overview of study scope and coverage of this paper 

 Study scope 

The study is organised in six major steps, as shown in the figure on the following page, and 
includes a significant amount of stakeholder engagement and input from industry, consumer 
groups, market intermediaries and market bodies.  The six primary steps within the study are:  

 Commencement of the project with a workshop to embed the stakeholder processes to be 
used through the remainder of the work (Step 1).  

 Identification of the services that DER can provide to each part of the electricity supply chain 
with specific attention to those services that are not already valued/priced (Step 2). 

 Development of the value range of each service that is not currently priced in the market, 
along with the units in which the value should be denominated and a description of the factors 
that govern the technical feasibility of the use of DER for the provision of each service and 
the extent to which the provision of each service may interact with other services or value 
streams (Step 3a).  

 
1  For the purpose of this study, DER includes decisions on the use of energy, including load shifting and curtailment (DR), 

as well as co-generation, tri-generation, and embedded and behind-the-meter renewable energy generation technologies 
and storage. 
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Figure 1: Overview of the project scope  
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 Coverage of this report 

Reports have previously been issued on the results of Steps 2 and 3.  Step 2 identified and 
described the types of services that DER can provide to the electricity value chain2. Step 3 
explored how the value of those services could best be reflected in the structure and nature of 
price signals provided by the various parts of electricity supply chain to investors in and 
owners/operators of DER. 

This paper summarises the findings of Steps 4 and 5, and covers the degree to which the DER 
pricing structures developed in Step 3 ‘fit’ with the current market rules, international experience 
in the use of price signals to integrate DER with the traditional electricity supply chain and a cost-
benefit assessment of the use of price signals for the value of DER.   

The Stage 6 final project report will provide a summary of the findings of Steps 2 through 5 and 
the implications and recommendations that flow from those findings.  

1.3. Limitations to the scope and definition of DER 

 Scope limitations 

It should be noted that this study concerns the development and use of price signals related to 
the benefits that the deployment and use of distributed energy resources (DER) can provide to 
the electricity supply chain, where ‘benefit’ is defined as a reduction in the cost incurred 
somewhere in the electricity supply chain. As such, the price signals being developed in this study 
almost exclusively address the export of energy generated by DER. The study does not address 
electricity charges for the consumption of mains delivered electricity to end-use facilities where 
DER systems are installed3. 

In addition, the study is not trying to design price signals for end-use customers. Prices for end-
use customers are the responsibility of retailers and in some cases aggregators and other market 
intermediaries. We recognise that many if not the vast majority of end-use customers (and 
particularly small end-use customers) will not be interested in receiving or technically capable of 
responding to complex and potentially highly time-varying price signals. However, technologies 
exist that can be deployed by retailers and market intermediaries (and possibly in future by end-
use customers themselves) that can integrate relevant information and automate the response 
of DER systems in ways that deliver benefits to the electricity supply chain and the DER owner.  
While price signals of the type developed in this study may not be used all DER owners, the 
absence of such price signals will severely limit the aggregate benefit that DER is likely to deliver 
to the electricity supply system. 

 Use of the terms DER and DR 

For the purpose of this study, the term DER includes demand response (DR). This is appropriate 
because the value of both DER and DR lies in their ability to respond to price signals in ways that 
can reduce the costs incurred in the central electricity supply chain (i.e. the large-scale generation 
sector and the transmission and distribution networks). Because of this the structure of price 
signals that are appropriate for DER will also be appropriate for DR. We have therefore used the 
term DER as inclusive of DR. 

 

2  See Oakley Greenwood, DER Price Signals: 'Fit' with Market Rules, International Experience and Cost-Benefit 
Assessment, prepared for ARENA, April 2019. 

3  Ibid. 
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However, there is also an important practical difference between DR and most other forms of 
DER (e.g., rooftop PV systems and behind-the-meter batteries). That is that DR can seldom if 
ever be directly measured, while DER can.  Metering can establish exactly how much electricity 
a DER system exports. By contrast, while metering can be useful in establishing the amount of 
DR delivered, that amount is virtually always defined with reference to the amount of electricity 
that would have been consumed under business-as-usual conditions (i.e., if the DR had not been 
provided).  This implies a counterfactual which has to be constructed; DR cannot be directly 
measured.  

This difference does not require a difference in price signals or their structure, but it does require 
different approaches for measuring the output of DR as compared to DER. 
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2. Review of the ‘fit’ of price signals for DER services with the market 
Rules 

There are restrictions in the current National Electricity Rules (NER)4 that prevent the full 
application of the approaches and pricing signals identified in Step 3 of this study.  For example, 
Rule 6.1.4 limits the ability of networks to charge for export from end-customer sites, and the 
current registration arrangements limit access to wholesale market trading to generators, retailers 
and end-customers above a certain size.   

The NER is an evolving document and developments in the market, such as open 
networks (OpEN) and COGATI, may address some of these shortcomings.  A previous Rule 
change has already included the role of small generator aggregators within the NEM.  Under 
current developments, registration for the ancillary services market can now be undertaken by 
aggregators, and there is also a Rule change under consideration (ERC0247: Wholesale demand 
response mechanism) that, if enacted, would allow demand response aggregators to bid into the 
wholesale market.  Aggregation of DER in the wholesale market is not currently provided for in 
the Rules, but these latter two arrangements could provide a model for doing so. 

Our review of the Rules is necessarily at a high-level.  We note the limitations and known 
proposals for change but note that a fuller review may be provided by the AEMC as part of its 
Wholesale Demand Response Rule change process. 

The Rules are divided into chapters by their main subject area.  The key chapters5 for our analysis 
are: 

 Chapter 2: Registered Participants and Participation; 

 Chapter 3: Market Rules, which deals with wholesale market dispatch and settlement; 

 Chapter 4: Power System Security and the related Chapter 4A: Retailer Reliability Obligation; 

 Chapter 5: Network Connection, Access, Planning and Expansion; 

 Chapter 6, Economic Regulation of Distribution Services (and the corresponding Chapters 
6A: Economic Regulation of Transmission Services and Chapter 6B: Retail markets); and 

 Chapter 7, Metering. 

It should be noted that the NER deals primarily with the wholesale market and network provision.  
The National Electricity Retail Rules and jurisdictional regulation also place limitations on efficient 
pricing in the electricity market.   

 
4  At the time of writing the current version of the Rules was version 130 which commenced on 19 December 2019.  During 

the study a number of different versions were released but the variations did not impact the findings of this study.  Changes 
implemented in later rules may cause this section 5.1 to be out of date. 

5  Other chapters include administrative matters (Chapter 8), either derogate specific aspects of the Rules (chapters 8 and 
9) or manage implementation of Rules (chapter 11).  In addition, Chapter 10 is the Glossary, which stores the definitions 
of key terms.  All aspects relevant to this study will be discussed in the relevant chapter and, if relevant, derogations and 
implementation matters will be included in this discussion. 
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2.1. Chapter 2: Registered Participants and Registration 

In this review, we have commented on the need to allow third-party aggregators to access the 
market to provide a focused DER service.  The NEM was designed to be two-sided and allow 
participation by generators, suppliers and customers.  Participation by end-use customers is, 
however limited as the Rules limit active participation to Generators, Market Customers and 
Intermediaries6.  This means that DER participation in the wholesale market is limited to retailers 
(termed Market Customers in the Rules7), except for: 

 Small Generator Aggregator.  The Rules do allow registration of a Small Generator 
Aggregator (SGA), which could aggregate PV generation at the household level to provide 
DER into the market, but this has not been widely used yet. 

 Embedded networks.  Embedded networks are effectively microgrids, which could allow 
markets to efficiently incorporate DER at the local level8, both by allowing access and by 
aggregating all forms of DER either within local energy markets or for on-sale to the NEM.   

The NEM allows for embedded networks through an exemption process but does not manage 
on-selling of energy, which is covered by the NERR.  Embedded networks have the ability to 
connect and manage DER efficiently, but the current rules limit their ability to act as microgrid 
markets.  

 Frequency Control Ancillary Services.  The ancillary services markets allow participation of 
aggregators of DER.  This allows highly responsive DER to be party to the FCAS markets.  
This is a limited market, however. 

Attempts have been made to include DER providers in the Rules9.  The AEMC is currently 
considering a Rule change which is also intended to allow integration of DER via aggregators10.  
Allowing specialist DER providers into wholesale markets has been successful overseas.  A 
change of this type would support direct participation of DER aggregators in the NEM, either to 
allow access to settlements or for full dispatch participation. 

2.2. Chapter 3: Market Rules 

The market Rules in Chapter 3, in themselves, do not limit the integration of DER.  This is because 
all parties allowed participation under Chapter 2 or connected under Chapter 5, are treated 
equally, according to their class, in dispatch and settlement processes. 

In addition, all connection points are settled half hourly at the marginal price of dispatch based 
on the measured or estimated use of energy at the connection point.  The value for each 
connection point can be positive or negative.  The recent change in the Rules to settle the market 
on a 5-minute interval basis will improve the value of dispatchable DER supplied to the market, 
assisting in its integration. 

 
6  An intermediary acts in place of another party (in any of the classes of participation) but must meet all the requirements of that class. 

7  Market Customers are almost always Retailers but do not have to be.  They are, however, the market entity responsible for consumption at a site or 
load serving entity.  Strictly any load could register and be party to the market (one party did so at the start of the NEM) 
but the obligations on loads limits the use of these Rules.  

8  Cruickshank, Thorpe and Rose “The evolution of embedded networks and localised markets in Australia”, paper for the CIGRE Session 2018, 

available from e-CIGRE.org.  A private network or embedded network is termed a microgrid in general usage. However, in the 
NER an embedded network is defined as a standalone power system. 

9  For example the Demand Response Mechanism and Ancillary Services Unbundling Rule change, https://www.aemc.gov.au/rule-changes/demand-

response-mechanism 

10  Wholesale Demand Response Mechanism.  https://www.aemc.gov.au/rule-changes/wholesale-demand-response-mechanism 
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This means that the wholesale market supports the efficient pricing of energy at all levels.  
Inefficiencies and subsidies are, however, introduced in the network and retail markets which 
mute or remove the efficiency inherent in the wholesale market price signal. 

The market chapter also deals with two other key aspects of the market for DER integration: 
ancillary services and market interventions. 

Currently, subject to technical limitations, DER can be and is being incorporated into the FCAS 
markets (in the form of DR) but, as noted in the OGW paper on pricing11, there are relatively few 
opportunities for participation in ancillary services markets for currently available DER 
technologies (i.e., PV and, battery systems) except where they can be aggregated to a minimum 
size of 1MW within a given NEM region..  As the ancillary service requirements are results based, 
it is expected that DER will be incorporated if it is able to provide the required service. 

Market intervention by AEMO, particularly the Reliability and Emergency Reserve Trader 
(RERT), is one area where responsive loads (a form of DER) have been effectively incorporated 
into the NEM, although not directly into the market. These responsive loads have been the 
mainstay of the RERT since it was first used. 

2.3. Chapter 4: Power System Security 

The power system security operations of the market fully incorporate DER where the DER can 
provide the service.  The key provision for DER is AEMO’s powers of direction, which are applied 
to all forms of supply12.   

Chapter 4A: Retailer Reliability Obligation 

The introduction of this contract-based capacity remuneration mechanism into the NEM13 will 
increase the integration of DER into the NEM.  While capacity remuneration mechanisms (CRM) 
are distortionary14, they allow participants to contract any form of supply, including responsive 
loads and embedded generation or storage, where that supply can meet the requirement of the 
CRM.  In all markets, DER penetration is strongest where a CRM or other form of subsidy is 
active15. 

2.4. Chapter 5: Network Connection, Access, Planning and Expansion 

The provision of network access and the development of networks under the NER is meant to be 
an economically efficient process.  In particular, the connection of customers and generators is, 
in theory, treated equally.  In practice, however, the full application of this chapter has been limited 
by conflicting Rules in Chapter 6, jurisdictional processes and the practices of Network Service 
Providers. 

The key Rules for DER integration in Chapter 5, are Rules 5.3 and 5.3AA: 

 Rule 5.3: Establishing or modifying connection.  This Rule provides for a connection applicant 
to pay all costs for the provision of the connection, including connection assets, any 
necessary augmentations and use of the shared network.  While embedded generators are 

 
11  Oakley Greenwood “DER Pricing Approaches October 2019”, which was produced by Oakley Greenwood as part of this 

project.   

12  Note that AEMO’s power of direction are applied at the transmission level and, for load curtailment, at the high-voltage 
distribution level. 

13  The existing capacity mechanisms are the RERT and the RET. 

14  Doorman et al, Op cit. 

15  Levillain et al, Op cit. 
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excluded (and covered in Rule 5.3AA), this Rule allows an NSP to charge fully reflective costs 
for the provision of a network connection. 

This Rule is generally applied to larger customers but is limited by: 

 Practicality for all but the largest customers due to the associated administrative costs 
and complexity and therefore some measure of averaging applies.  Chapter 6 provides 
the pricing approach; and 

 Network practice, supported by the AER and AEMC16, not to provide generator access 
nor to augment the network to facilitate generator access.  Chapter 6 specifies that 
generator charging is only for direct connection assets (i.e., a shallow charging 
approach); and 

  Rule 5.3AA: Access arrangements relating to distribution networks.  This Rule provides for 
embedded generators to pay the full cost of their connection including their use of the network 
system and any augmentation of the network that their operation may engender.  It also 
allows the embedded generator to negotiate a reduced charge based on non-firm access and 
prescribes a compensation regime that allows for parties to fully participate in dispatch 
despite non-firm access17.  This Rule has not, to our knowledge, been applied as: 

 The practical application to small embedded generators is difficult.  As discussed in the 
OGW pricing paper18, the application of charging needs to consider both the practicality 
and the cost of the approach; 

 It conflicts with Rules in Chapter 6, notably 6.1.4, which would need to be adjusted; and 

 Networks, supported by the AER, have not implemented this Rule.  

Therefore, without a review to identify and resolve the conflicts, the economic expansion of the 
networks, driven directly by generator connection using Rules 5.3 and 5.4AA, cannot be applied. 

We note that the AEMC is reviewing the Coordination of Generation and Transmission 
Investment (the COGATI review) to resolve the need for access and locational pricing.  In 
addition, the solution may provide incentives for generation to contribute to network investments 
to secure access, which was one of the original benefits of Rule 5.3AA. 

2.5. Chapters 6, 6A and 6B: Economic Regulation of Networks 

Chapter 6 and the related chapters 6A and 6B deal with the economic regulation of transmission 
and distribution networks as well as the arrangements between networks and retailers.  As noted 
in the OGW pricing paper19, the principles underpinning the economic regulation of networks, 
and the pricing for the services, is supported by sound economic and energy pricing theory. 

 
16  Both the AER and AEMC report the NEM as being an open access regime despite the original Code being accepted as an Authorised Access Regime.  

Both parties have ignored the access provisions for generators in Chapter 5 of the Rules and, in a number of Rule changes, have reduced and 

eventually eliminated most of the provisions. 

17  This Rule originally applied to all generators but the equivalent clause for transmission access was removed by the AEMC.  A complete analysis 
of this Rule and its application (the Rant) is available on request. 

18  Oakley Greenwood, October 2019, Op Cit. 

19  Oakley Greenwood, October 2019, Op Cit. 



DER Price Signals: 'Fit' with Market Rules, International Experience and Cost-Benefit Assessment 

17 April 2020 
Final topic report 

 9 

In addition, the pricing of network services is required to move towards being cost-reflective, 
which supports effective tariffs.  Networks have, however, been slow to implement fully cost 
reflective pricing but this is increasing.  Of course, metering is required to support fully cost-
reflective pricing but, even when it is available, networks have been slow to implement fully cost-
reflective prices, some state government policies do not support cost-reflective pricing. 

One issue is customer resistance.  Where inefficient pricing has been in place, and connected 
parties have benefited from the inefficiency, they are understandably unlikely to welcome a 
change to more efficient pricing that will increase their costs.  This is a ubiquitous issue regarding 
attempts to unwind cross-subsidies.  In addition, customers have shown a preference for simpler 
rather than more complex tariffs20. 

In the case where the cost reflective price is designed to provide a locational signal and the 
receiver of the cost reflective price is no longer able to change locations (e.g., the generator has  
been constructed), changes that are designed to provide locational signals to participants are 
effectively a tax. 

One provision does, however, prevent the application of efficient prices to DER: 

 “6.1.4  Prohibition of DUOS charges for the export of energy 

(a)  A Distribution Network Service Provider must not charge a Distribution Network User distribution use 
of system charges for the export of electricity generated by the user into the distribution network. 

(b)  This does not, however, preclude charges for the provision of connection services.” 

This rule does not preclude the use of fixed or demand charges in relation to connection services 
but disallows DUOS charges.  This could allow a charge based on the connection assets 
employed, but not for augmentations and a share of assets as contemplated by Rules 5.3 and 
5.3AA. 

This is different to the original Code and the early versions of the Rules which allowed for charging 
for export from a site and also bi-directional flows at connection points under Rule 6.13.6(e)&(f)21. 

 (e) Where entry services are shared by Embedded Generators and exit services are shared by 
Distribution Customers, the allocated cost must be shared between the Distribution Network Users 
either: (1) as agreed with the Distribution Network Users; or (2) on a cost reflective or other basis 
agreed with the Jurisdictional Regulator; or (3) on the basis of the maximum demand of individual 
Distribution Network Users at a network coupling point, measured in respect of the 10 hours for which 
the Distribution Network User has used the network most intensively during the preceding year. 

(f) The cost pools for services provided by new large distribution network assets and new small 
distribution network assets must be allocated to Embedded Generators and Generators connected to 
a transmission network, where benefits of new distribution network investment have been allocated to 
that Generator in accordance with schedule 6.8, and Distribution Customers, in a manner which is 
consistent with schedule 6.822. 

Chapter 6, with one major exception, does allow for the forms of pricing that we have proposed 
in our reports.  We understand, however, that the appropriateness of Rule 6.1.4 is being 
considered through the DEIP Access and Pricing work package and may be subject to a future 
Rule Change Request.   

 

20  Reported from retailer focus groups. 

21  This provision was renumbered and altered before effectively disappearing in the current Rules. 

22  Schedule 6.8 Charges to generators for new investments, now deleted. 
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At a recent conference, the French delegate commented, in relation to their DR integration 
process: “The most important factor is to get the tariff structures right; the development of market 
structures is of secondary importance”23. 

2.6. Chapter 7: Metering 

As noted above, metering is a key consideration in designing effective tariffs.  Effective tariffs 
require: 

 an understanding of costs; 

 measurement of the relevant drivers of cost – e.g., demand, energy consumption, reactive 
power, etc; and 

 designing charges so that parties pay or are paid for the cost they impose or reduce on the 
system. 

Cost-reflective pricing requires appropriate metering. 

Chapter 7 of the NER currently requires accurate metering to be installed at all new connections 
and where meters are replaced.  This mirrors actions in Europe and other countries that are 
seeking improved pricing.  This will eventually mean that effectively all sites in the NEM will have 
remotely read interval meters. 

Overseas, the use of smart metering has allowed better demand-based tariffs, although demand 
related tariffs have been common in Europe for many years.  In Victoria, the virtually complete 
spread of smart meters since 2014 has not yet resulted in the use of more cost-reflective tariffs 
such as critical peak day pricing or system-coincident peak demand charges.   

Near the end of the rollout of Advanced Meters in Victoria, retailers and network operators 
published time of use prices.  The resultant consumer concerns caused the jurisdiction to initially 
halt the rollout of time of use pricing and then to only allow it on an “opt-in” basis.  Under the 
current cost reflective pricing requirements, we understand that networks are implementing “opt-
out” time of use and demand charges.  

The current form of Chapter 7 is therefore supportive of the forms of pricing that we are 
recommending, although a faster rollout of interval metering would be very helpful in this regard.  

2.7. Summary and proposal 

In summary, the NER is generally supportive of DER integration through its economic, market 
approach.  Specific aspects of the rules for participation and network pricing are, however limiting 
effective integration.  Some key changes are being considered or made that will enhance DER 
integration, when and if adopted: 

 5-Minute settlement.  Valuing supply side energy and DER on a five-minute basis will allow 
dispatchable DER to gain additional income for short-term supply against dispatch peaks.  
This will particularly benefit assets that can be dispatched on very short notice to meet price 
peaks. 

 DER Aggregator24.  The inclusion of a DER Aggregator participant in the WDR Rule change 
augurs well for the market as it will allow a more focused approach to the development and 
integration of DER. 

 
23  Discussion between attendees at the CIGRE Canada 2019 Conference, paraphrased. 

24  Note that an aggregator will be able to aggregate demand response storage operation and distributed generation. 
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Current Rule change processes and reviews have the potential to also be helpful as long as the 
changes are made with DER in mind.  It is our understanding that the post 2025 market design 
being developed by the Energy Security Board (ESB) is considering these issues.  A fully two-
sided market would remove the need for DRM mechanisms. 

We would recommend that a DER focused review of the NER should be undertaken to identify 
areas that may otherwise escape review and limit integration.  This would be a similar approach 
that was taken for the review of Technical Standards, in 199925, which focused on the actual grid 
requirements rather that the characteristics of the facility that provided the services to meet the 
requirements. 

 

 

 
25  The review of generator technical standard undertaken by the National Electricity Code Administrator that was required by the Initial National 

Electricity Code.  The review undertook a full ground up review of the need for and therefore the approach to defining technical standards. 
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3. Relevant international experience  

Integration of DER is occurring around the world. Some countries and markets are very 
successful in integrating it and we can learn from their success, remembering that market and 
political factors are often different, limiting the generalised transfer of ideas between markets.  
Three key areas are relevant for this discussion: 

 Pricing approaches, particularly retail pricing and advanced metering,  

 Direct DER integration; and 

 Measurement of performance. 

This section will discuss these issues drawing heavily on studies undertaken by CIGRE in which 
members of the OGW project team participated. 

3.1. Pricing approaches 

We have discussed pricing approaches earlier in this study and produced a paper26, which was 
discussed with the Stakeholder Reference Group and representatives of the Market Bodies.  In 
that paper, we noted ways to provide efficient price signals to DER providers and, peripherally, 
noted that efficient tariffs for customers were also required. 

CIGRE working group C5.16 surveyed27 countries to examine how the costs of the electricity 
industry are translated into tariffs. from wholesale and network costs.  The study also examined 
the various structure of customer tariffs, which included the impact of metering on the tariff 
structure.  The study focused on small customers and noted that, while the principles of efficient 
pricing have been known for a long time, they are often not applied.   

The CIGRE study noted, however, that many countries in Europe were able to provide some level 
of capacity signalling through the connection charges.  For example, Electricity de France (EDF) 
has a scale of charges that depends on the maximum capacity that the site requests.  This 
provides an incentive to manage demand to reduce charges and could provide a signal for local 
DER, particularly demand response.  The EDF charges for 2016 are shown in Figure 2.   

This study noted that, for a fully two-sided market, pricing needs to correctly value the costs and 
benefits provided by customers and participants. 

The CIGRE study also canvassed the types of metering that was being used at the customer 
level.  This information was not provided for all countries, but some markets had identified the 
benefits (European Union, Italy, etc as well as Victoria in Australia) and had mandated the 
installation of advanced metering.   

It was noted that proper tariffs at the customer level could be more precisely applied if more 
precise metering was available, which is shown in Figure 2, where time of use rate plans, which 
are based on interval metering, provide a signal that shows the benefit of shifting loads.  
Interestingly, the demand charges are higher when time of use tariffs apply but, unfortunately, 
the study did not examine whether this was done to provide a sharper total demand signal for 
these customers, or for some other reason. 

 
26  Oakley Greenwood, op cit. 

27  A Chuang et al “Cost of Electric Service, allocation methods and residential rate trends” 2018, CIGRE Technical Brochure 747, www.e-Cigre.org. 
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Our study and the OGW pricing paper take a more nuanced view of the benefits, trying to more 
directly associate the cost reductions or impact on the grid with the pricing approaches.  This is 
also consistent with work developed by KPMG for the ENA, which shows that simple time of use 
pricing may not actually benefit the grid, but that connection and demand charges would be of 
greater benefit. 

In summary, the CIGRE study showed that: 

 the principles for effective rate design are well known and are consistent, in the main, with 
the principles in the NER; 

 the application of the principles relies on effective metering or measurement of the necessary 
parameters, although some countries have been able to incorporate some of the signals into 
simple pricing regimes; and 

 the use of tariffs that apply the full set of principles has not been widely adopted and certainly 
not for small customers. 

This is consistent with the Australian experience where, even with the correct principles and 
measurement tools, efficient pricing is not always adopted. 

3.2. Direct DER integration 

CIGRE Working group C5.1928 examined the regulatory aspects of DER integration into centrally 
dispatched markets and network service provision, noting that there were many papers on the 
technical integration of DER but few on market integration (the CIGRE Study).  The WG surveyed 
15 countries to assess how they integrated DER into their markets.   

Note that the working group focused mainly on demand response.  As noted in section 1.3.2, 
DER will be used when talking about demand response, storage or distributed generation and 
DR will be used with only demand response is being discussed. 

 
28  Alex Cruickshank and Lance Hoch were both involved with this working group.  The Working Group report, “Report on the regulatory aspects of 

demand response in electricity markets”, TB651, 2016, www.e-cigre.org. 

Figure 2  Rate tables from Électricé de France 

From A Chuang et al.  This table has been redrawn from the original EDF rate table.  
The standard rate plan applies to customers without interval meters and the time of 
use plan is for customers with interval metering.   
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For the CIGRE study, only market-integrated DER was assessed; retailer-purchased DER that 
was not offered into the market was ignored.  In all case studies, the participating entities were 
distributor/retailers and aggregators.  Finally, some markets, like the French market, provided 
centrally managed DR for network services as well as the capacity and energy markets, whereas 
others simply focused on the capacity and energy markets.  The study noted: 

DR may be procured centrally or via bilateral contracts to reduce the need for generation-based 
products committed in a centrally cleared market to supply energy, capacity or ancillary services. The 
prices revealed in a centrally cleared market may incent bilateral contracts between retailers and 
consumers to reduce consumption and thereby reduce the energy, capacity or ancillary service 
obligation related to those consumer[s], resulting in a financial savings. This method does not afford 
transparency as to how DR affects the market but does impact the market as it reduces the quantity of 
generation resources needed to provide the service.  

Additionally, in any market structure it is important to ensure what is compensated to be delivered is 
actually delivered. Indeed, it is important to certify that the product meets the standards for whatever 
service it is providing prior to it being committed to providing the service. For instance, if the products 
provide reliability services, grid reliability may be negatively impacted if the DR is not dependable.   
- CIGRE Study, page 24. 

The study focused on regulatory and structural integration issues, not pricing and costing issues, 
assuming that markets would be effective in managing the transfer of costs to DER users via 
prices in the markets.  The CIGRE study looked at the market structure, noting that the use of 
intermediaries or DR aggregators allows increased DER integration as the aggregator is focused 
on the delivery of DER products and can maximise the value of the aggregated product by 
offering it into different but complementary markets. 

The CIGRE study provided case studies of a number of markets.  This included the provision of 
reserves in many cases, including Italy, Western Australia and Belgium.  In these markets the 
market operator purchased defined DER services to prevent shortfalls in supply.  In addition, 
some markets, such as New Zealand, allowed DER participation in the Day Ahead market for 
supply.   

Below, we discuss the PJM market in the USA and the French market as they cover a wider range 
of DER integrations and provide the most useful information for our study.  Our study, in contrast 
to the CIGRE study, is more focused on prices, noting that the regulatory arrangements and 
structures impact the ability for prices to be developed and transferred from the parties that incur 
the cost to the consumers who drive the costs.  In this regard, the OGW study also looks at 
regulated network tariff approaches as well as non-regulated and market-based approaches. 

 DER in the PJM market in the USA 

PJM is a multi-state market in the North East of the USA, encompassing Pennsylvania, New 
Jersey, Maryland, District of Columbia, Delaware, Ohio, Virginia, West Virginia, Tennessee, 
Kentucky, Indiana, Illinois, Michigan and parts of North Carolina.  PJM uses DER in all aspects 
of their market and is one of the few disaggregated markets that does so at the wholesale level, 
rather than just at the retail level29. 

 
29  Working group C5.19, cited on page 22, noted the distinction between integrated market and competitive markets as well as the integration of DER 

at the level of the market for exchange rather than simply between participants. 
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As discussed in our pricing paper, DER can provide different services to various markets.  It can 
provide: 

 capacity to reduce the investments required in conventional plant to meet demand; and 

 energy for use in a market, replacing the dispatch of conventional plant; and 

 reserves retained by market operators to meet shortfalls from normal market operation. 

In the PJM market, the market operator directly purchases capacity for reserves and ancillary 
services and also manages the bilateral trading of DER between participants.  This trading has 
been occurring for many years and PJM has refined its approach when events have shown that 
their market arrangements and structures have been deficient.  These are discussed below.   

For example, in 2013, PJM reported30 using 5GW of DR (load reduction) registered in its energy 
and capacity programs31.  By 2018, as shown in Figure 3., below, the total amount had reduced 
to 1.5GW.  This was due to enhanced performance obligations that resulted from the poor DR 
response during the 2014 winter, where there was a shortage of supply and blackouts were 
narrowly avoided.  The performance and measurement of DR was significantly toughened, which 
caused a large amount of DR to be ineligible. See section 3.3, below, for a discussion of 
measurement issues with DR and behind the meter generation.  

Figure 3  Load responsive DR use in PJM 

Source: PJM DER Annual Report, 2018 

 
30  Discussion between Alex Cruickshank and Andy Ott (then VP Strategy, later CEO of PJM) in relation to the proposal to introduce DR into the 

Australian NEM. 

31  Sync Res and Regulation are both frequency management Ancillary Services 
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Similarly, PJM defines a standardised product that can be bilaterally traded for use in the day-
ahead market.  Recently PJM tightened the performance obligations on DR in that market as 
well, which has corresponded with a further 25% reduction in the trading of DR as part of DER32 
portfolios.  In this case they increased the requirement to be available to provide energy as well 
as capacity each day of the year, which is more difficult for some forms of DR.  

Figure 3 also highlights that DER is often used primarily for capacity support, such as reserves.  
In most cases, DER, particularly load responsive DER, is best suited to situations where the 
product required is capacity reduction to prevent overloading or for short term peak clipping.  
Longer term supply is possible for generation-based DER. 

PJM has also successfully used intermediaries, called Curtailment Service Providers to 
aggregate DR so that it is effectively sold in the wholesale market, see Figure 4.  In the Pricing 
Study we noted that aggregators could have a different and more flexible relationship with the 
actual providers while operating within the rules and structures of the wholesale market. 

The CIGRE study postulated that the use of intermediaries, as is the case in PJM and other 
markets, allows a dramatic increase in DR integration as this form of participant is focused on 
DER.  The use of intermediaries had increased DR use in PJM, France, Ireland, Belgium and 
Germany. 

It should be noted that the CIGRE study only examined the use of DR in the wholesale market 
and bilateral trading for the day ahead market in PJM.  The CIGRE study noted that there was 
direct trading of DER between providers and retailers and networks but that these trades were 
not in products defined and measured by the market operator.  These arrangements would be 
direct bilateral arrangements rather than integrated arrangements. 

  

 
32  “PJM capacity auction: 2 Exelon nukes fail to clear as DR reels from new performance rules” 2019, www.utilitydive.com 

Figure 4  Market Participants in PJM and DR/EE use
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 DR use in the French market 

The French market introduced a formal market for DR to provide increased flexibility to support 
the increased penetration of intermittent renewables.  Like PJM, they created an intermediary 
role, the DR operator, to aggregate and provide DR into the energy market (the NEBEF scheme).   

Figure 5 shows the elements of integration of DR into the French system, which includes network 
and ancillary services support as well as reserves, balancing and energy support.   

The French approach allows DER providers to offer a range of overlapping products to the market 
operator and to networks via centrally defined products and services.  Settlement between the 
DER providers and the Load Serving entities for payments for the energy used in the DER market 
is mediated by the market operator. 

The French market is only just developing, and the quantities being traded are still low, but the 
range of integrated products demonstrates how DR could be integrated in the Australian context, 
particularly in the provision of capacity and energy. 

 Summary 

The CIGRE study notes that there is direct trading of DER products between customers and their 
retailers but shows that with current rules in most markets full integration is more possible where 
centrally mediated products are defined and managed through market bodies.  The CIGRE study 
also noted that the use of intermediaries is an effective tool to increase the use of DER and its 
integration into the supply systems.   

The increased use of aggregators for effective integration of DER has been noted in a number of 
studies, for example the RAP presentation on the value of flexible resources33 and the Brattle 
report on “The National Potential for Load Flexibility”34 

 
33  RAP “A Renewable Electricity System and the Value of Flexible Resources”, presentation to The 6th National Conference on Next Generation 

Demand Response by the Regulatory Assurance Project. 2019. 

34  Hledik et al “The National Potential for Load Flexibility - Value and Market Potential Through 2030” the Brattle Group, 2019, 
www.brattle.com. 

Figure 5  Use of DER in the French Market 
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3.3. Measurement and performance issues 

The CIGRE study noted that, while direct measurement was used for embedded generation DER, 
baselines were used to assess responsive DER, primarily DR.  In separate, but related, work for 
ARENA35, OGW examined the measurement issues associated with baselines.  The work 
examined the Australian situation and referenced approaches in the PJM and Californian markets 
in the USA as well as Korea.   

The CIGRE study cited above, and Oakley Greenwood’s own work show that the regulatory 
approach, particularly the ability to include intermediaries and measurement of DER, are 
important factors in the successful integration of DER.  The CIGRE study notes: 

As for generation-based products, measurement and verification of the effective delivery of the 
products contracted directly (in bilateral contracts) or indirectly (through organized markets) are 
necessary when explicit products based on DR are exchanged. The more or less structured process 
may involve, for instance, an initial test phase to ensure that a measurement method is adapted to 
both the site’s behavior and the product based on DR exchanged. 

All countries appear to have some form of measurement and verification and penalty or non-payment 
provisions with their DR product requirement. For most countries, the penalties are defined in the 
bilateral contracts. For others, the penalties are defined by the rules of the organized market. 
Additionally, failure to perform in the context of an energy market product may require the payment of 
replacement energy in addition to a penalty that could be applied. 

In its work for ARENA, Oakley Greenwood examined issues with measuring DR at the site level 
using boundary meters.  Like the CIGRE study and the Brattle and RAP studies cited above, 
Oakley Greenwood noted that measurement of DR is problematic because even with interval 
boundary meters, defining the counterfactual (that is, what the site would have consumed if the 
DR was not dispatched) is difficult.   

Many markets use statistical methods to assess DR values, referred to as baselines.  The issue 
is that the actual use of energy at sites is not constant except for very stable loads.  In addition, 
consumption at a particular site can vary between days and the day of the week.  In addition, 
some sites cannot be assessed using the baseline approach. 

Where baselining is used, some markets adopt a range of baselines that are tailored to the 
specific product and the site providing the DR.  Table 1 shows some of the baseline approaches 
available in PJM36. 

The examples in Table 1 are a subset of the range allowed for in PJM.  A “3-day type” means 
that the baseline is constructed from three days of measurements.  In these cases, the three days 
are selected from either 3 or 5 days (CBL Basis Window) and may exclude days that would make 
the measurement inaccurate.  The PJM manual provides full details of the methods and the full 
range of baseline approaches that can be selected.  

 
35  Oakley Greenwood is contracted to provide knowledge sharing analyses and products for ARENA’s DR three-year trial of innovative 

DR programs for the provision of reserve capacity for use by AEMO in its Reliability and Emergency Reserve Trader 
mechanism. 

36  PJM Manual 11: Energy & Ancillary Services Market Operations Section 10: Overview of the Demand Resource Participation.  Source: 
www.pjm.com. 
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The example shows how detailed the baselines need to be to capture the relevant variables, for 
example, in the case of weather sensitive DER.  A more detailed explanation of the use of 
baselines and the assessment of their accuracy is contained in the Oakley Greenwood report to 
ARENA and other sources37. 

Where the provision if the DER is critical, as in the case of emergency reserves, the baseline 
approach may not be sufficient.  For example, for critical reserves, PJM require that the metered 
load at the site reduces by the offered amount within a defined ramping period and that the load 
does not exceed the value at the time of the call for the duration of the call period. 

 
37  See ARENA, Baselining the ARENA-AEMO Demand Response RERT Trial, September 2019, available at 

https://arena.gov.au/assets/2019/09/baselining-arena-aemo-demand-response-rert-trial.pdf.  Other sources include: 
DNV-KEMA “Development of Demand Response Mechanism, Baseline Consumption Methodology – Phase 2 Results 
Final Report” October 2013, and Nexant, California ISO Baseline Accuracy Assessment, November 2017. 

Table 1  Sample of baselines from PJM 

https://arena.gov.au/assets/2019/09/baselining-arena-aemo-demand-response-rert-trial.pdf
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During its work for ARENA, Oakley Greenwood noted that the decision on acceptable accuracy, 
and its measurement, was a matter for the purchaser of the DER as it is that entity that bear the 
risk associated with non-or under-delivery.  Where the DER is being provided to a retailer for their 
own use, the retailer can determine the level of accuracy required as it is the retailer that bears 
the risk.  By contrast, where the DER is purchased on behalf of the market – as is the case in 
AEMO’s Reliability and Emergency Reserve Trader (RERT) mechanism – the risk of non- or 
under-delivery is borne by the market, and therefore a higher level of measurement accuracy (or 
other means of verification) is likely to be required38.  In this regard the CIGRE study noted: 

In countries where the products are centrally cleared or committed directly by the market operator, the 
compliance is measured for compliance by the market operator. Withholding of payments, and in some 
markets and additional financial penalty based on the level of unavailability also is assessed. 

Summary 

Measurement of generation sites and simple load sites is well established and defined under the 
Rules.  DER has always been problematic as the site can no longer be simply assessed based 
purely on the meter reading (except where the site load and any site-level generation are metered 
separately).  Even so, bilateral arrangements between customers and their retailers can be 
developed based on agreed parameters. 

When the DER is market integrated, the measurement task becomes more important since the 
risk of error needs to be allocated to the DR participants and not the market more broadly.  In 
addition, sites are becoming more complex with generation embedded within the sites as well as 
flexible loads and now storage.  To add to the complexity, there is a desire to include more 
variable loads than were traditionally used for DER. 

All of this leads to a need for more sophisticated measurement.  The use of interval, preferably 
advanced meters, is a fundamental requirement, but may not always be sufficient.  The ability to 
have acceptable mechanisms to determine the value of responsive loads for DER purposes is 
also essential. 

One potential solution is to meter the DER elements within a site.  For example, it could be 
possible to meter PV and cogeneration directly and separately from the facility native load.  In 
addition, responsive and non-responsive loads could be separated. 

When interval metering was expensive, and DER hardly used, the cost of additional metering 
could not be justified.  Now, with advances in metering technology, this is no longer the case.  In 
addition, many inverters and home control systems include metering.  It may be time to allow 
multiple metering points within a site39. 

The combination of truly cost-reflective tariffs, efficient measurement and aggregators would 
significantly improve the integration of DER with the traditional parts of the electricity supply 
chain. 

 

 

38  It is worth noting that in its Second Draft Determination of the Wholesale Demand Response Rule Change proposal the 
AEMC stated that the measurement accuracy to be applied in regard to aggregated DR should be higher than in the 
RERT. The rationale was that settlement of this form of DR, which will be treated as a scheduled load, should be subject 
to settlement that is as close as possible to what is required for scheduled generation, and that such an approach would 
be consistent with how a two-sided market would be expected to operate.  

39  The original National Electricity Code did allow for multiple metering or connection points within a site.  With the passage of time, these provisions 

were removed, and the introduction of multiple trading points was too controversial to bring in when it was examined by the AEMC in 2016. 
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4. Cost-benefit assessment 

The potential benefit of more cost-reflective price signals has been identified in a number of 
studies.  For example, between 2010 and 2014, Ausgrid and its partners ran a trial called Smart 
Grid Smart City.  The trial focused on technical and commercial aspects of implementing a smart 
grid in Australia, focusing on Newcastle and the Newington area in Sydney.  The commercial 
aspect of the trial included the assessment of new tariffs that could be used in conjunction with 
smart grid information and controls to better incentivise customer behaviour. 

Although the commercial aspects of the trial were shortened due to technical difficulties with the 
trial, the final report40 noted that half of the benefit of smart grid deployment in Australia, $B15.2 
out of $B27.2 (Medium case), would come from the ability to harness smart metering to provide 
better tariffs. 

“The medium economic scenario . . . shows a potential 15.2 billion in avoided costs from the deployment 
of distributed generation and storage.  This represents the avoided customer investment in distributed 
generation under the smart grid case as a result of the introduction of dynamic tariffs which provide 
price signals to consumers to encourage more economically efficient investment.  …”  Smart Grid Smart 
City Executive Report, page 4740 

This section of the report examines in more detail the costs and benefits of the pricing structures 
developed in Step 3 of this project. 

4.1. Overview of approach and criteria used in the assessment 

The overarching objective of this cost-benefit assessment (CBA) is to estimate the economic 
benefits of adopting more efficient pricing arrangements for DER services. A CBA of this nature 
necessarily requires a significant amount of judgement and the adoption of a number of high-
level, simplifying assumptions. However, at its core, it requires an estimation of: 

 How many DER facilities will be installed under the more efficient pricing arrangements that 
are being modelled41, and how those facilities will be utilised under those more efficient 
(‘alternative’) pricing arrangements, as compared to how many facilities would be installed 
and how they would be utilised under the base case pricing arrangements. More specifically, 
this involves: 

 Determining the incremental change in the number and size of the facilities that will be 
installed (e.g., whether and to what extent the alternative, more efficient, pricing 
arrangements improve the underlying economics of installing PV or battery systems 
such that more systems are installed); and 

 Determining how the DER facilities that are forecast to be installed will interact with the 
grid under both existing and the alternative pricing arrangements (i.e., whether the 
alternative pricing arrangements will lead to changed levels of demand being placed on 
the grid at times of peak demand, and/or, changed levels of network support capacity 
being provided to the grid by those DER facilities, as compared to what would occur 
under the base case pricing arrangements). 

 

40  Smart Grid Smart City: Shaping Australia’s Energy Future, Executive Summary Report, ARUP et al, July 2014, Ausgrid. 

41  It should be noted that while the analysis is not prescriptive regarding the final design, structure or level of the pricing 
arrangements that would be put in place, it does assume that the pricing arrangement would reflect the LRMC of any 
costs that the DER can reduce in the value chain in both a temporal and a geographic sense. As an example, we assume 
that a network-based DER export price signal would be like an area-specific critical peak demand charge as compared 
to a static time-of-use energy charge. 



DER Price Signals: 'Fit' with Market Rules, International Experience and Cost-Benefit Assessment 

17 April 2020 
Final topic report 

 22 

 The impact that the above changes are likely to have on network businesses’ costs, and in 
costs in other parts of the value chain).  

These are discussed in more detail below. 

 Forecasting the take-up of DER facilities  

Base case forecasts of installed capacity by state have been sourced from AEMO’s 2019 ESOO 
information wherever possible. We then tested the impact that our alternative pricing 
arrangements might broadly have on the underlying economics of DER facilities, OGW’s existing 
models, and where material, adjusting the base case, state-wide take-up levels. Note that in 
doing this we assumed that: 

 Consumption tariffs charged to end customers using DER technologies remain as they are 
at present42; and 

 DER price signals could affect take-up of PV and batteries but would not affect the take-up 
of EVs43 . 

Our high-level analysis indicates that adjusting the way DER services are priced would not 
materially (negatively) impact on the returns received by customers who make investments in 
those technologies (in fact, if anything, such price signals are likely to improve the returns 
because they increase the number of value streams that customers with DER can access). 
Therefore, as a result, we decided (conservatively) to make no change to the underlying base 
case forecast of installations.  This is because, while the economics of DER do improve under 
the alternative pricing, they do not appear to improve enough to warrant an alternative forecast 
of the number of installations under the “alternate pricing” case. 

Following on from this, we adopted the following allocation approach to determine: 

 the proportion of the state-wide forecast for each technology that will flow through to each 
LGA in that state; and subsequently  

 the proportion of the state-wide forecast that will occur in each distribution business that 
operates in that state (by mapping LGAs to distribution businesses). 

This allocation method is discussed in more detail in the box below. 

 

42  While networks continue to make their tariffs more cost-reflective, the reliance to date on postage-stamped, static time-
of use network and retail tariffs, along with government programs and feed-in tariffs, significantly limit their efficiency in 
signalling the economic value of locating these systems and the timing of their export. 

43  The assumption that these alternative pricing arrangements will not affect the take-up of EVs is based on the bulk of the 
research findings that indicate that the decision to purchase an EV is driven to a much greater extent by first cost 
comparisons with conventional vehicles and other considerations such as range and available re-charging infrastructure 
than it is by operating costs. However, it is much more likely that the types of pricing arrangements being proposed would 
affect the decisions made by EV owners regarding the timing (and possibly location) of the charge and discharge of their 
batteries. Benefits with any such decisions have not been taken into account and se pricng arrnagemnts   
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 Box: 1:  Approach for forecasting DER take-up at the LGA level  

Our approach to forecasting take-up of DER installations at the LGA level is as follows: 

 Our existing in-house model allows the user to nominate the proportion of each state-wide forecast for each 

technology that is to be allocated to each customer class (e.g., 70% of PV is driven by residential take-up, 30% 

is driven by commercial take-up). This allocation is broadly based on: 

 The split identified either qualitatively or quantitatively in the underlying source documentation (e.g., if 

AEMO has forecast that 70% of new PV will be on residential rooftops, we allocate 70% of the forecast 

PV to residential customers); or  

 Where the above is not available, our own judgement as to the likely driver/s. 

 We then use the model to allocate the residential and commercial installations (from the step above) to LGAs 

based on discrete allocators such as average income levels in that LGA (as compared to other LGAs), the 

proportion of existing residential households and commercial facilities (separately) in that LGA (as compared to 

their respective state-wide totals), or the proportion of forecast new residential or commercial facilities (again, 

as compared to the numbers of each that are forecast for the state as a whole). These discrete allocators can 

be used singly or in combination, and are designed to reflect the underlying drivers affecting the take-up of each 

DER technology, which again, is based on either: 

 what has been identified (either qualitatively or quantitatively) in the underlying source documentation; or 

 where the above is not available, our own judgement as to the likely driver/s. 

 This allows forecasts to be determined at an LGA level. Each LGA is then allocated to a distribution business 

based on mapping the DNSP’s operating territory to LGA boundaries, which in turn allows forecasts for each 

technology to be determined for each distribution business. 

The following table describes the allocation factors that we used to allocate the state-wide 
forecast of solar PV uptake – from the table above – to each LGA. 

Table 2: Allocators adopted for solar PV 

Allocator Percentage split 
- starting 

Allocator Percentage split 
- incremental 

Proportion of Existing 
Solar Capacity in each 
LGA 

100% Proportion of Existing 
Residential Customers 

35% 

  Proportion of New 
Residential Customers 

41% 

  Proportion of Exist 
Commercial 
Customers 

12% 

  Proportion of New 
Commercial 
Customers 

12% 

To summarise, existing PV capacity is split out based on the existing proportion of solar in each 
LGA (this is based on up-to-date figures from the Clean Energy Regulator). New, incremental PV 
is assumed to be predominately taken up by new residential customers (41%), and then existing 
residential customers (35%), with the remaining 24% split between new and existing commercial 
customers. 

The rationale for adopting these allocators for new PV is as follows: 
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 The 24% allocation to commercial customers (and hence the 76% allocation to residential 
customers) reflects a broad estimate of AEMO’s forecast of the incremental contribution each 
segment is expected to make to overall installed capacity between 2019 and 203044; and   

 When discussing trends in effective residential rooftop solar capacity by state/territory, the 
CSIRO state45 that the “difference in the scale and rate of growth in states/territories largely 
reflects the differences in current population and future customer growth”. It follows on by 
stating that “Queensland is expected to remain the state with the highest absolute residential 
rooftop solar capacity reflecting both higher customer growth and a favourable solar capacity 
factor. Western Australia is assumed to have the highest customer growth and also 
experiences the highest rate of growth in effective residential rooftop solar capacity”. From 
this, we have deduced that customer growth is a key driver of CSIRO’s forecast of PV 
installations, hence our relatively high allocation of 41%. 

The following table describes the allocation factors that we used to allocate the state-wide 
forecast of battery uptake – from the table above – to each LGA. 

Table 3: Allocators adopted for battery 

Customer 
segments 

Allocator Percentage split 
- starting 

Allocator Percentage split 
- incremental 

Residential Proportion of 
Household Income  

95% Proportion of 
Household Income  

45% 

Commercial Proportion of Exist 
Commercial 
Customers 

5% Proportion of Existing 
Commercial 
Customers 

5% 

   Proportion of Existing 
Solar Capacity 

50% 

To summarise, existing battery capacity is allocated almost entirely to residential customers, with 
this then allocated to LGAs based on the average income within each LGA. A small proportion 
(5%) of existing battery capacity is allocated to existing commercial customers, with this based 
on the proportion of existing commercial customers in each LGA. This overall split (95/5) is 
broadly informed by AEMO’s allocation of existing capacity to those two customer segments. It 
also reflects the underlying economics, with commercial facilities primarily operating during the 
day-time hours, which makes the use of battery storage less commercially attractive. 

New, incremental battery installations are allocated between residential and commercial 
customers using percentages derived from the underlying AEMO forecasts.  

The rationale for utilising the proposed allocators is as follows: 

 For residential customers, income was considered a key factor, as batteries require a large 
upfront capital expenditure. As a result, we linked the allocation of residential battery 
installation to the average median income within an LGA;  

 

44  We note that the forecasts published by different organisations of the take-up of PV and other DER systems (and the 
sectoral distribution of that take-up) vary to a material degree. We have used the AEMO forecast as it is a primary data 
source for planning and policy considerations in the NEM. 

45  Graham P.W., Wang D., Braslavsky, J., and Reedman L.J. 2018. Projections for small-scale embedded technologies, 
Report for AEMO, CSIRO, Australia, page 35. 
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 For residential customers, we assumed that the profile of installations would also be driven 
by where solar PV systems have been installed; and 

 For commercial customers, we allocated the forecast take-up based on the existing 
proportion of commercial customers in an LGA, relative to the entire state. 

 Impact on network usage from adopting more efficient pricing arrangements 

Each type of DER technology has a different underlying impact on the network, and therefore, 
each will have a different incremental impact on future network costs, if alternative pricing 
arrangements were to be adopted.  

The following table summarises the basis we used for modelling the incremental changes to 
network utilisation that might stem from adopting alternative pricing arrangements for DER 
services. 

Table 4: Impact on network utilisation from adopting more efficient pricing arrangements 

Type of DER 
facility 

Assumed base case network 
utilisation/generation 

Assumed network utilisation/generation under 
alternative pricing arrangement 

Solar (PV) A generic solar PV generation 
curve (for summer) was 
determined (see below) 

We developed an “alternate” generation curve, based on 
the assumption that more PV systems will be 
incentivised to face west under the alternate pricing 
arrangements46. When a PV system faces west, it is 
assumed to generate more of its electricity during later 
parts of the day47. 

To model this, we pushed the base case PV generation 
profile to occur 30 minutes later under the alternate 
pricing case. We also assumed that around 50% of new 
PV systems would face west,(which would have the 
effect of pushing the generation profile back about an 
hour in summer48, when most peak network demands 
occur).  The other 50% of all new PV systems are 
assumed to face north and no change is assumed in the 
orientation of existing PV panels. 

 

46  We assumed no change in the sizing of those systems that are installed. For the avoidance of doubt, we tested whether 
the loss in revenue to the PV system owner from the reduced energy generation resulting from facing the PV panels west 
(as compared to north) multiplied by an estimated FiT tariff, was more or less than the increased revenue that the PV 
system owner would expect to generate in the event that the relevant distribution and transmission LRMCs were applied 
to the incremental increase in generation that is assumed to occur at the time system peaks are assumed to occur. In 
short, results indicated that the two amounts were similar. This aligns with some other literature that we have seen 
published (e.g., UNSW / Australian PV Institute, Solar Trends Report for Solar Citizens). 

47  For example, Grattan Institute states “at peak times, a high feed-in tariff would encourage these households to consume 
less and export more energy. In response, they may choose to install west-facing panels, since the output is likely to 
better align with peak periods”.  

48  For example, UNSW / Australian PV Institute, Solar Trends Report for Solar Citizens, page 19. 
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Type of DER 
facility 

Assumed base case network 
utilisation/generation 

Assumed network utilisation/generation under 
alternative pricing arrangement 

Battery During the summer season when 
most networks peak, we have 
assumed that a battery is charged 
/ discharged in a manner that is 
consistent with the information 
published by AEMO in its 2018 
Electricity Statement of 
Opportunities (see Figure 6 
below). For winter, we have 
simply assumed that the battery 
makes no contribution to 
reductions in winter peak 
demands (as some previous 
modelling we have undertaken 
indicates that a battery that is 
connected to a solar PV system is 
fully discharged well before the 
time when winter peak demand 
occurs)49. 

We have based the benefit on the assumption that each 
battery will be fully discharged over a 2-hour period 
coinciding with the time that the network experiences 
peak demand (that is, one half of its usable discharge 
capacity contributes to reducing network peak demand). 
Implicit within this modelling approach is an assumption 
of perfect foresight by the battery owner or aggregator 
(i.e., their battery is fully available to be discharged back 
into the network at the time the network is peaking).  

We have also assumed that there will be no material 
loss in transmission network support benefits and 
wholesale market benefits available to the battery. This 
in turn assumes that there is general alignment between 
high wholesale prices and peak demand at the network 
level). 

Electric vehicles As noted above, we have assumed no benefit for EV in the modelling. This is a conservative 
estimate, as one could assume that more cost-reflective pricing of DER services would, if 
anything, lead to more efficient network support being provided by EVs. 

The following table outlines the PV capacity factors that we have adopted over the period when 
distribution networks generally peak. These are based on previous OGW analysis. 

Table 5: Capacity factors for solar PV during mid/late afternoon and early evening 

Season 15:00 - 
15:30 

15:30 - 
16:00 

16:00 - 
16:30 

16:30 - 
17:00 

17:00 - 
17:30 

17:30 - 
18:00 

18:00 - 
18:30 

18:30 - 
19:00 

Summer – Base 
Case 

51% 45% 37% 29% 19% 10% 6% 4% 

Summer – Alt 
Pricing 

55% 51% 45% 37% 29% 19% 10% 6% 

Table 6 on the following page outlines the battery capacity factors that we have adopted for the 
late afternoon/early evening period when network businesses’ terminal stations are likely to peak. 

  

 

49  Although this depends on the battery control system (e.g., some systems will automatically conserve the stored energy 
until the peak pricing period). Note that where such controls are put in place, benefits will be higher than the modelling 
indicates.  
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Table 6: Capacity factors for beyond-the-meter batteries 

Proportion of 
the battery 
capacity 
discharged 

15:00 - 
15:30 

15:30 - 
16:00 

16:00 - 
16:30 

16:30 - 
17:00 

17:00 - 
17:30 

17:30 - 
18:00 

18:00 - 
18:30 

18:30 - 
19:00 

Summer – No 
price signal 

1.0% 1.0% 1.0% 1.0% 1.0% 4.0% 4.0% 1.0% 

Summer – 
Peak* - with 
price signal 

25% 25% 25% 25% 25% 25% 25% 25% 

Winter 0% 0% 0% 0% 0% 0% 0% 0% 

*NOTE: This is not to suggest that 25% of a battery’s capacity could be discharged in each of those half hour periods, but 
rather, that whenever peak demand occurs over this time frame, 25% of a battery’s usable capacity could be discharged 
per half hour, up to a maximum of four half-hour periods. 

The above reflects the proportion of the installed battery capacity that is assumed to be 
discharged in each half hour period. Under the base case, it is assumed that cost-reflective 
network price signals are not in place for either energy consumed by or exported from the DER 
facility, hence customers would not be financially incentivised to maximise the overall economic 
value of their installed capacity (i.e., they are not incentivised to discharge their battery during 
times of network system peak demand).  

The percentages are quite low in the no price signal case as previous analysis (see below) 
indicates that on late summer afternoons, a customer’s battery is likely to already be fully charged 
as a result of their PV system’s excess generation (as compared to their underlying demand) in 
the mid-afternoon.  In addition, such a customer is still able to predominately rely on electricity 
generation from their PV system through to early evening, and as a result, does not need to 
discharge their battery to meet their own requirements. This aligns with our own modelling. 

The above proportions have been derived from the following figure, which is from AEMO’s 2018 
ESOO and reflects the typical battery kW discharge/charge profile. We have used this profile in 
estimating the proportion of total installed battery capacity charged/discharged over the course 
of a day. 

Figure 6: NEM residential PV (yellow) and battery charge discharge (blue) profile 
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Source: AEMO, 2018 Electricity Statement of Opportunities, page 29. 

4.2. Benefits and costs included 

  Benefits 

The following table summarises the approach that we have adopted to translate the demand 
reduction impacts stemming from the proposed alternative DER pricing arrangements (from 
above) into cost impacts.   

Table 7: Costs reductions stemming from adoption of the alternative pricing arrangements for DER that 
have been modelled 

Services Source/Approach 

Network augmentation  • Where available (and current), we multiplied the published LRMC estimates for 
the applicable DNSP business by the incremental impact of DER on peak 
demand due to the alternative pricing arrangements as compared to the base 
case (from the modelling above); plus 

• Where available, we multiplied the published applicable locational TUoS charge 
by the incremental impact of DER on peak demand due to the alternative pricing 
arrangements as compared to the base case (from the modelling above).  

Voltage-related 
expenditure 

We have assumed that appropriate DER pricing arrangements would incentivise the 
use of battery storage systems to manage voltage issues. In particular, we have 
assumed that (a conservative) 25% of the installed capacity of batteries in an LGA 
would be incentivised to be “set aside50” on certain days when voltage issues are 
likely to be prevalent (i.e., “abnormally high” output levels from in situ PV systems are 
expected, and mild temperature conditions prevail, leading to low underlying loads on 
the network due to the absence of temperature-sensitive loads such as air-
conditioners. This in turn is assumed to reduce the amount of PV-generated 
electricity injected into the distribution system over a 2-hour period, and subsequently 
also manages the voltage issues that would have occurred during the middle of the 
day due to the PV export. 

The magnitude of the network cost reduction is based on proportioning down DNSP 
forecasts of DER integration expenditure (where known, and extrapolated from 
known information where not51) by the reduction in exported energy (which is in 
effect the base case, less the amount that is assumed to be captured by the battery). 

For the avoidance of doubt, it should be noted that we have not had regard for the 
forecast penetration levels at the LGA level over time in this analysis. As a result, it 
could be that forecast PV generation in a particular LGA may not , over the forecast 
horizon, lead to any voltage issues in the first place. This level of granularity has not 
been reflected in the analysis. We have also not had regard for the specific location 
of the particular PV system (i.e., whether the customer installing the battery is 
located at the beginning, middle or end of the feeder).  

As such, this estimated benefit should be treated with some caution. 

It should be noted that we have not attempted to model a number of the other potential benefits 
that may accrue from the more efficient pricing of DER services. These are listed in the table 
below, along with our rationale for not attempting to model and/or quantify them. 

 

50  It should be noted that this may simply involve the owner of the battery exporting their energy earlier in the day when a 
over-voltage related price signal is in place, instead of storing it in their battery. This in turn frees up space to take exported 
energy during the middle of the day, when voltage issues are more likely to occur. 

51  Based on publicly available information from regulatory submissions and some regulatory decisions, this has generally 
been in a range between $5m and $10m per year. Where we have not been able to readily find information for a particular 
distribution business, we have adopted a figure in this range.  
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Table 8: Potential benefits that have not been modelled 

Services Source/Approach 

Direct connection cost 
reduction 

The cost of connecting a customer to the existing shared network is dependent on a 
number of customer-specific factors, including, but not limited to, the distance 
between the shared network and their connection point, their load, and the 
geographic location (which would also impact the cost of the Standalone Power 
System (SAPS) that would need to be installed, due to, for example, the number of 
PV arrays that would need to be installed).  

Due to the bespoke nature of the expenditure, we have not attempted to model this 
benefit.  

Network extension cost 
reduction  

Similar to the above, the quantum of network extensions is ultimately related to the 
location of connecting customers, and whether they are “out of sequence”, which 
cannot be readily forecast in either the base case or alternative pricing cases. 

Network replacement 
cost reduction 

We have not modelled the potential economic benefit of more efficient levels of 
replacement expenditure, because: 

• The timing of these costs is not expected to be materially affected by a change 
in demand or energy consumption; rather, these costs are predominately driven 
by condition and risk factors unrelated to the loads placed on the asset; 

• Demand reductions need to be of a minimum scale to lead to any downsizing 
relative to the base case (noting that capacity is built in increments, so material 
reductions need to occur for downsizing to occur); and 

• Downsizing replacement assets leads to a reduction in economies of scale (i.e., 
halving the size of a replacement asset almost always leads to less than a 50% 
reduction in the cost), hence further reducing the economic benefits.  

We note that this is not to suggest that there is no benefit, rather, that in the main, the 
benefit is likely to be moderate, relative to other potential benefits.  

Wholesale market 
benefits 

As noted in the Pricing presentation and paper, efficient pricing is already available 
through the wholesale energy market.  The translation of these prices to customers 
via retailers is not readily observable, although we were provided with good 
anecdotal examples during the study52.  It is therefore difficult to establish the base 
case for a cost benefit example and we have not modelled these benefits. 

In addition, a key change that we have identified, allowing aggregators into the 
market cannot be readily assess in a cost benefit study of this type. 

Wholesale market 
operator benefits 

We have noted above that changes to the ancillary services markets and also the 
contracting of reserves by AEMO are already underway. 

 Costs 

Regarding the costs that would likely need to be incurred in order to implement the proposed 
alternative pricing structures, we have assumed a notional upfront amount of $1m for each 
distribution business, and $500k per annum to maintain and communicate the tariffs to the 
market. In saying this, we believe that the distribution businesses are already generating much 
of the information required to develop and implement more efficient DER price signals, and 
moreover, the communication of such a tariff would broadly align with existing practices. For 
example, DNSPs are already: 

 Generating the cost required to augment their system at both the system or location-specific 
level.  This can be used to provide a price signal for the ability for DER to defer demand-
related augmentation; and   
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 Forecasting the impact that increased penetration of PV is likely to have on distribution 
system voltage in different parts of their network. This type of information - forecast cost, by 
area, and forecast voltage excursions (relative to standard) – could be used to inform the level 
and structure of a voltage-related price signal53. 

It is worth noting that, in our view, the implementation of the proposed alternative pricing 
structures would not impose any additional costs for either metering at the DER level or network 
visibility of voltage/thermal constraints on the LV network.    This is because: 

 The interval metering that would be required for the administration of these alternative price 
signals is already required when these systems are installed.  Given that we foresee the 
impact of these price signals primarily affecting the location and use of these systems rather 
than the total number or capacity of the systems to be installed there is not likely to be an 
incremental cost in metering that is (a) driven by the availability of the proposed price signals, 
or (b) required to realise the benefits those price signals make available.  Even where, such 
metering is required its cost (where incurred by the customer) will not be incremental to the 
cost that would have been incurred under base-case pricing arrangements 

 It is also the case that over-voltage constraints (which is generally due to DER export at times 
of relatively low demand at the local network level) is likely to occur only where the density 
of DER systems (or their export) reaches a threshold of customer numbers (or aggregate 
customer load) within that area.  Both the number of customers installing DER and the 
nameplate capacity of those systems is known to the local distribution business.  In addition, 
the interval metering that is required to be installed on these systems can provide information 
on the voltage condition at the host premises of these systems54.  The DNSP can use this 
information to assess the likely impact of the aggregate voltage condition of these premises 
on the likely voltage condition at the local area asset level.  

4.3. Results 

Table 9 on the following page provides a summary of the estimated cost and benefits of 
introducing more efficient DER price signals. 

  

 

53  We note that standards can be used to set a ceiling on the over-voltage possible from PV systems as their penetration 
on a feeder increases – AS4777:2015 is one such example. However, a price signal is likely to be more economically 
efficient. The choice between them, on a practical level, requires consideration of their relative costs, complexity and 
aggregate impact.  

54  Information on voltage is available from Type 4 meters, but as it is not included in the data that is automatically provided 
by the metering data provider to the DNSP, access to it and the price for that access would be a subject of negotiation 
between the DNSP and (most likely) the relevant metering coordinator.  An alternative that could be considered by the 
DNSP would be the installation of voltage measurement equipment on the LV side of transformers or at other points on 
the LV meters.  We have not costed access to the interval metering data or the installation of grid-side voltage 
measurement equipment as either will be highly situation specific.  
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Table 9: Summary of estimated costs and benefits  

Potential Benefits*  VIC NSW QLD SA 

Transmission and Distribution 
augmentation 

$58.5m $27.7m $44.0m $43.7m 

Voltage benefits $14.7m $14.2 $1.9m $6.9m 

Less      

Est. Upfront and On-going costs $15.5m $9.3 $6.2m $3.1m 

Net Benefits (Costs) $57.7m $32.6m $39.6m $47.6m 

*All potential benefits are in NPV terms, based on a pre-tax real WACC of 5% and a 10-year evaluation period. Totals 
may not add due to rounding. 

The results indicate that the benefits of offering these types of price signals can be expected to 
exceed the costs. However, we note that while we have been conservative in developing the 
costs and benefits of developing and offering these price signals, those costs and benefits will 
vary over time, and the result of any CBA will be highly dependent on what the value of the 
relevant costs and benefits were thought to be at the time the analysis was undertaken. For 
example, if this analysis had been undertaken five or six years ago, we would have ascribed a 
much greater benefit to cost-reflective network prices due to their impact in deferring network 
augmentation.  This would have been the case simply because forecast demand (and therefore 
the amount of capex required for augmentation) was much greater. By contrast, the voltage 
issues occurring on the network due to high penetrations of PV – and the benefits of addressing 
them – are significantly greater now than would have been considered to be the case five to six 
years ago. 

In summary, the results in the study indicate that the development and use of more efficient DER 
price signals will almost certainly produce net benefits.  
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