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1. Introduction 

This brief report presents an overview of the project “Assessing the Benefits of Using Operating Envelopes to 

Orchestrate DERs Across Australia” carried out by The University of Melbourne and funded by CSIRO as part of 

the stage 2 of the “Australian Research for Global Power Systems Transformation (G-PST)”. It also highlights the 

importance of this project to Australia’s energy transition and the benefits for the global community. Lastly, it 

outlines recommendations for future activities and focus areas for research within Topic 8 – DER. 

Australia is leading the world on rooftop solar PV with almost one in three houses having the technology. This and 

other new technologies such as batteries and electric vehicles are creating opportunities to homes and businesses 

as they can reduce energy bills but also, through aggregators, can participate in the electricity market managed by 

the Australian Energy Market Operator (AEMO). The challenge, however, is to ensure we make the most of the 

existing electricity distribution infrastructure (the ‘poles and wires’) connecting homes and businesses whilst 

ensuring its integrity. 

One way for distribution companies (who own and operate the electricity distribution infrastructure and are known 

in Australia as Distribution Network Service Providers [DNSPs]) to ensure the integrity of the ‘poles and wires’ is 

by orchestrating DERs, i.e., actively defining export and/or import limits at the connection point of customers or for 

the DER technology itself. This concept is known in Australia as Operating Envelopes (OEs, aka Dynamic 

Operating Envelopes) and is being demonstrated by different DNSPs through multi-million trials funded by the 

Australian Renewable Energy Agency (ARENA). While these trials are extremely valuable in understanding the 

different aspects associated with the implementation of OEs, in practice, each DNSP is adopting different 

approaches. This is because different DNSPs, due to regional and/or historical reasons, have different data 

availability when it comes to residential low voltage electrical network models (topology, impedances, phase 

grouping) and customer monitoring (smart meters). 

This project is carrying out an assessment of the benefits and drawbacks of different OE implementations likely to 

be seen across Australia. It will provide metrics and recommendations for DNSPs and AEMO to assist them in 

their decision-making process by investigating in detail, quantitatively and qualitatively, different potential OE 

implementations (specifically, different approaches to calculate OEs at the customer connection point). 

The findings from this project will directly and indirectly answer many of the research questions prioritised by the 

Australian Research Plan for Topic 8 – DER, specifically: 

• RQ0.1 related to DER visibility.  

o Different OE implementations will affect the amount of DER seen by AEMO. 

• RQ5.1 related to organisational changes.  

o Different OE implementations require different organisational changes. 

• RQ5.2 related to distribution-level market.  

o Different OE implementations will facilitate or make more complex those future markets. 

• RQ1.1 related to cost-effective DER orchestration.  

o Different OE implementations have different infrastructure needs and, hence, cost. 

• RQ1.2 related to decision-making algorithms.  

o Different OE implementations will lead to different outcomes. 

• RQ4.2 related to availability of services delivered by DERs.  

o Different OE implementation will lead to different volumes of services. 

• RQ2.1 related to cost-effective infrastructure.  

o Different OE implementations have different infrastructure needs and, hence, cost. 
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2. Research Completed 

This section briefly describes the Tasks completed to date and the insights that have been gained from this work.  

T1. Characterisation of the spectrum of available infrastructure/data across Australian DNSPs. 

✓ After surveying all DNSPs in Australia, it was possible to observe a large diversity on the available 

infrastructure/data they have (from electrical network models to network and customer monitoring to 

forecasting) which confirms the need to assess different OE implementations. This survey also allowed 

clustering the DNSPs based on that diversity. Four clusters were identified: Moderate Transition, Fast 

Transition, Very Fast Transition, and Step Transition. These clusters will be used to associate potential 

OE implementations according to available infrastructure/data. 

✓ All DNSPs are moving towards the modernisation of their infrastructure/data availability (e.g., more 

monitoring, better electrical models, etc.) but, as it can be expected, each one of them has their own 

pace, which is subject to their regional requirements and characteristics.  

T2. Definition and implementation of the potential OE implementations according to the spectrum identified. 

✓ Four different approaches to calculate OEs were produced. Each one of them vary in terms of 

complexity and accuracy. The former relates to the required infrastructure/data (e.g., electrical models 

of the electricity network and monitoring data such as smart meter data) and how elaborated is the 

calculation of the OE, while the latter relates to how precise, and consequently efficient, the OE 

calculation is. 

✓ The most advanced and, hence, accurate OE approach needs full electrical network model and full 

monitoring of customers. If all the models and monitored data are correct, it can not only guarantee the 

operation of the network within technical limits (i.e., voltage and thermal) but also the maximum 

export/import limits. This OE approach has the potential to be used by DNSPs with very advanced 

availability of infrastructure/data, i.e., DNSPs in the Step Transition and Very Fast Transition clusters. 

✓ The simplest OE approach needs the monitoring and capacity of only one element (for example, a 

transformer). It is an extremely simple OE approach to implement, but it does not solve the most 

common technical problem (i.e., voltage problems) that DNSPs are facing due to high penetration of 

DERs.  

✓ The two intermediate OE approaches need very limited monitoring (at two points of the network) and 

capacity of one element (the transformer). Although it usually does not solve all the problems and it 

may not always work (it changes case by case), it can work considerably well and solve almost all 

technical problems (i.e., voltage and thermal problems). These OE approaches have great potential to 

be used by DNSPs with less availability of infrastructure/data, i.e., DNSPs in the Moderate Transition 

and Fast Transition Clusters. However, these approaches can also be of interest to other DNSPs 

wishing to adopt simple yet cost-effective alternatives. 

T3. Definition of key metrics that capture the interests and concerns of key stakeholders 

✓ Nine metrics were defined that cover – to different extents – seven interests and/or concerns from the 

stakeholders (DNSPs, AEMO, customers). These are: network performance, impact on customers, 

system security, service provision, efficiency, feasibility, and educational/acceptance aspects. 

3. Outstanding Activities  

This section outlines the Tasks to be completed by the end of April 2023. 

T4. Carry out detailed power flow simulations using realistic unbalanced three-phase HV-LV distribution 

network models considering the different OE implementations and different DER mixes and uptake. 
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T5. Apply the defined metrics to the power flow simulations results to assess each different OE 

implementation and create recommendations for DNSPs and AEMO. 

T6. Share algorithms and data with CSIRO and AEMO. 

T7. Prepare a final report. 

4. Research Relevance to Australia 

The adequate orchestration of DERs can ensure a future in which every house in Australia can have solar 

photovoltaics and electric vehicles and, ultimately, help Australia meet our 2030 renewable targets in the most 

cost-effective way. The concept of Operating Envelopes (OEs) is one that is already being trialled in Australia as it 

has the potential to orchestrate DERs whilst ensuring network integrity (the ‘poles and wires’) by providing time-

varying export and import limits at the connection point of customers (or DERs). 

Although OEs can orchestrate DERs, different DNSPs will adopt different approaches to calculate and allocate the 

OEs given the diversity of data availability when it comes to residential low voltage electrical networks and 

customer and network monitoring. Therefore, this project is important to Australia as it will provide an objective 

comparison of the benefits and drawbacks of different OE implementations (i.e., calculation and allocation) likely to 

be seen across the country. This assessment and the corresponding recommendations will help DNSPs, AEMO 

and other decision-makers make informed decisions on the development and adoption of the most suitable OEs 

considering network integrity, DER utilisation, and effects on customers. 

Given that DER adoption is increasing in the entire world, the knowledge developed by this project will also be 

relevant to many other countries. In the US, for example, OEs are already being investigated as an alternative to 

orchestrate DERs as presented in the panel “Enabling Distribution DERs to Participate in Wholesale Markets 

Through Operational Envelope Computation and Optimal Power Flow” of the IEEE PES General Meeting 2022 

which included representatives of multiple companies (software providers and distribution companies). 

Consequently, Australia is in a strong position to share its knowledge and lead collaborations with research 

institutions from other countries and thus help in the world’s energy transition. 

5. Recommendations 

This project so far is demonstrating that full electrical network models and full monitoring of customers (i.e., 100% 

smart meter penetration) is not necessarily needed to calculate adequate OEs. Simpler OE implementations that 

require very limited knowledge of the electrical network and very limited monitoring have great potential to be good 

enough (even if not perfect) to solve excessive voltage rise/drop and asset congestion of the ‘poles and wires’. 

However, further research is needed with respect to other key input data in the calculation of OEs (i.e., 

forecasting) as well as other operational considerations (due to network type and network operational aspects) as 

they are important for the adequate adoption of OEs in Australia. This includes: 

• Forecasting for OEs. To calculate OEs in advance, i.e., hours ahead, forecasts are needed. However, to 

date, there is no effective forecasting solution for key parameters such as the power demand of individual 

(or smaller groups of) consumers and voltages at distribution transformers (or other critical points). Wrong 

forecasts can lead to wrong settings for DERs hours ahead, affecting networks and markets. Consumer-

level data is irregular, with a complex range of patterns, volatile with varying degrees of spikiness, and the 

explanatory variables of the behaviour are not well understood. It is therefore crucial to produce granular 

forecasts able to capture the active and reactive power behaviours of consumers as well as voltages at 

specific points hours ahead using advanced techniques that exploit available data and other features 

associated with demand and DERs (e.g., temperature, solar irradiance, etc.) while using a limited volume 

of historical data. 

• Network and Operational Considerations for OEs. Further assessments are needed to capture the 

effectiveness of different OE approaches when applied to different types of distribution networks (different 

topologies, impedances, types of customers, etc.). For instance, rural areas have low customer density 
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and many use Single-Wire Earth Return (SWER) networks which also means different phase shift among 

customers. Some other networks will have many commercial and/or industrial customers which typically 

have three-phase connections and therefore need three-phase OEs. Furthermore, network reconfiguration 

does occur from time to time and should also be considered when calculating OEs. Therefore, the effects 

and robustness of different OE approaches need to be assessed considering different network types as 

well as operational aspects. 


