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Outline

1. Recap

– Definitions, Data, General Operating Envelope Architecture

2. Overview of Objective Functions (aka Allocation Principles)

– Equal Opportunity and Maximise Services

3. Update on Network Modelling and Lessons Learnt
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1. Recap
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* First year of EDGE, OE focus is on active power. No reactive power services. 

Recap: Definitions

▪ Active Customer: Customer engaged with an aggregator

▪ Passive Customer: ‘Normal’ customer with or without DER

▪ Operating Envelopes (OEs): Time-varying export/import limits* at the network 
connection point of active customers
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▪ To calculate the OEs we need to know the state of the rest of the network

✓ Full three-phase LV network model or full SWER* network model (from the iso trafo)

✓ Net demand (P, Q) of passive customers** and Q of active customers**

✓ Voltage magnitudes (V) at head of feeder**

OE❓

OE❓

Recap: Key Input Data to Calculate OEs 1/2

V

P Q

P Q

P Q

Impedances, topology, 
phase connectivity

Q

Q

* SWER: Single Wire Earth Return
** All forecast values (e.g., every 15 min for the next 6 hours)
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Recap: Key Input Data to Calculate OEs 2/2

▪ Each type of network needs to be treated slightly different.

Head of 
Feeder

Head of 
Feeder

V

V

LV Network

SWER Network

OE calculations 
also need to be 

slightly different.



© 2021 L. Ochoa, M. Z. Liu - The University of Melbourne EDGE Project – Operating Envelopes, Jul 2021 7

Recap: General OE Architecture 1/2

▪ Iterative approach to determine the ‘best’ set of OEs for active customers

✓ Done for each interval in the forecast (e.g., every 15 min)

✓ Done for export and imports separately

✓ Fully utilises the available voltage headroom/legroom and thermal capacity

✓ Heuristic approach → Set of rules aligned with the objective function

Net Demand
of Passive Customers

Voltage Magnitude
at Head of Feeder

Operating Envelope 
per Active Customer

Input Data

OutputObjective Function
Evaluation

Network Constraint
Modelling

Set of
Operating 
Envelopes Technical

Feasibility

Algorithms

How do we assess if a given set of OEs works?

→ We run multiple simplified 3f power flows
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Recap: General OE Architecture 2/2
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* E.g., Next 6 hours with 15 min intervals
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2. Overview of 
Objective Functions

(aka Allocation Principles)
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Objective Function: Equal Opportunity
Philosophy and Considerations

➢ Every active customer receives the same/proportional OE

– Same: Exact same kW regardless the size of DER

– Proportional: Pro-rata based on DER size

▪ General Process

a) Apply same/proportional OEs to all active customers and check constraint violations

b) Explore other OE values until the largest one (w/o constraint violations) has been found

▪ Implemented Process

a) Start at 100% OE (relative to the total kW/kVA of inverters)

b) Decrease by 1% until no constraint violations

Faster, if OE is expected to 
>50% most of the time
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Objective Function: Equal Opportunity
Numerical Example
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Objective Function: Equal Opportunity
Numerical Example

Final OEs (Export Limits): 4.3 kW for C2, C5 and C6. Total of 12.9 kW.
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Objective Function: Maximise Services
Philosophy and Considerations

➢ Maximise the aggregated operating envelopes (potential volume of services)

▪ General Process

a) Pick customers more sensitive to voltage issues

b) Apply OEs to all active customers and check constraint violations

c) Reduce the OEs of the sensitive customers

▪ Sensitive customers are different for each type of feeder

– Three-Phase feeders: Active customer with the highest voltage (per phase)

– SWER feeder: Active customer with the highest voltage
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Objective Function: Maximise Services
Numerical Example
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Objective Function: Maximise Services
Numerical Example

Final OEs (Export): 12/5.2/5.9 kW for C2/C5/C6. Total of 23.1 kW.
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How are we transferring
all these algorithms?
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GitHub and Jupyter Notebook

OE algorithms are generic
(network-agnostic)
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3. Update on Network Modelling
and Lessons Learnt
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Current Progress on Network Models

▪ Network models need to be valid (adequate) for accurate calculations

Trial Sites Topology
Phase 
Groups

Impedance

Three-Phase 
LV Feeder

Hume 1 Site A ✅🟨🟨 ✅ 🟨🟨🟨

Hume 1 Site B ✅✅🟨 ✅ 🟨🟨🟨

SWER Feeder 
(MV+LV)

Hume 1 Site C ✅✅🟨 ✅ 🟨🟨🟨

Hume 1 Site D ✅✅🟨 ✅ 🟨🟨🟨

Head of 
Feeder

Head of 
Feeder
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Overview of Network Models

▪ They are the foundation of model-based algorithms

▪ Key information required

– Topology (i.e., interconnections)

– Phase groupings

– Impedances

▪ Main challenges

– Incorrect/incomplete topology data

– Unrecorded phase groupings

– Inaccurate impedances

[Z]

[Z]

[Z] [Z] [Z] [Z] [Z] [Z]

[Z][Z][Z][Z]

More details on the challenges and lessons learnt next.
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Challenges & Lessons Learnt
Topology

▪ Existing database may contain incorrect information

– More prominent in three-phase feeders (urban)

– SWER feeders (rural) are less error-prone

▪ Desktop-based analysis can help to identify 
mistakes

– Smart meter data is a key enabler

– Head of feeder monitoring data is important

– Tedious and time consuming

▪ Site audits are required in some cases to validate the 
actual topology

?

?
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Challenges & Lessons Learnt
Phase Groupings

▪ Customers’ phase groupings are typically not recorded

▪ Data-driven techniques are exploited to identify phase groupings

– Smart meter data is a key enabler

▪ Phase grouping ≠ true phase

– Phase grouping: 1, 2 and 3

– True phase: R, W and B

– Identification of true phases requires a site audit and specialised devices 
(PMUs)

▪ The least difficult issue to address

120°

R

WB
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Challenges & Lessons Learnt
Impedances

▪ Typically estimated using conductor type + estimated length

– Can be very inaccurate

– Particularly for service cables

▪ Data-driven techniques are exploited to validate impedances

– Smart meter data is a key enabler

– Head of feeder monitoring data is crucial

– Correct topology data is a pre-requisite
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Further Reading 1/2

IEEE P&E Magazine Jul/Aug 2021

https://www.nxtbook.com/nxtbooks/pes/powerenergy_070821/index.php#/p/52
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Further Reading 2/2

▪ OEs and General Algorithms/Architectures

– “Ensuring distribution network integrity using dynamic operating limits for prosumers”, IEEE Transactions on Smart 
Grid, Apr 2021 (PDF)

– “DER and Network Integrity: Meter-Level Operating Envelopes”, IEEE Smart Grid Webinar, Dec 2020 (Link)

– “Impacts of price-led operation of residential storage on distribution networks: An Australian case study”, IEEE PES 
PowerTech 2019, Jun 2019 (PDF)

– “Managing residential prosumers using operating envelopes: An Australian case study”, CIRED Workshop 2020, Sep 
2020 (PDF)

– “Assessing the effects of DER on voltages using a smart meter-driven three-phase LV feeder model”, Electric Power 
Systems Research, Dec 2020 (PDF)

▪ Objective Function (aka Allocation Principles)

– “On the fairness of PV curtailment schemes in residential distribution networks”, IEEE Transactions on Smart Grid, 
Sep 2020 (PDF)

– “Operating envelopes for prosumers in LV networks: A weighted proportional fairness approach”, IEEE/PES 
Innovative Smart Grid Technologies ISGT Europe 2020, Oct 2020 (PDF)

https://www.researchgate.net/publication/351196031_Ensuring_Distribution_Network_Integrity_Using_Dynamic_Operating_Limits_for_Prosumers
https://resourcecenter.smartgrid.ieee.org/education/webinar-videos/SGWEB0144.html
https://www.researchgate.net/publication/335428435_Impacts_of_Price-led_Operation_of_Residential_Storage_on_Distribution_Networks_An_Australian_Case_Study
https://www.researchgate.net/publication/344346453_Managing_residential_prosumers_using_operating_envelopes_An_Australian_case_study
https://www.researchgate.net/publication/342617085_Assessing_the_Effects_of_DER_on_Voltages_Using_a_Smart_Meter-Driven_Three-Phase_LV_Feeder_Model
https://www.researchgate.net/publication/340239922_On_the_Fairness_of_PV_Curtailment_Schemes_in_Residential_Distribution_Networks
https://www.researchgate.net/publication/344943149_Operating_Envelopes_for_Prosumers_in_LV_Networks_A_Weighted_Proportional_Fairness_Approach
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Thanks!

Questions?

luis.ochoa@unimelb.edu.au


