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▪ High penetration of residential distributed 

energy resources (DER) can create voltage and 

thermal issues in low voltage (LV) distribution 

networks.

▪ Operating Envelopes (OEs), i.e., time-varying 

export/import limits at the flexible customer 

connection point, are an effective solution to 

preserve network integrity.

▪ Behind-the-meter reactive power (Q) can 

counteract voltage deviations, enabling 

enhanced OEs.

Δ𝑉 =
𝑃 ∙ 𝑅 + 𝑸 ∙ 𝑋

𝑉

✓ Leveraging behind-the-meter Q leads to enhanced OEs → Exporting more P

✓ The benefits of enhanced OEs are proportional to the available behind-the-meter Q

✓ OE enhancements become more impactful as the penetration of flexible customers increases

✓ Quantifying the value of behind-the-meter Q is essential to support future implementations of enhanced OEs
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5. Key Remarks

Tx

Static Database Time-varying Database

✓ Voltage Tx

✓ P & Q fixed customer

✓ Q flexible customer

OEs per flexible customers

✓ Electrical 

model

e.g., equal allocation
Objective:

Max. Exports or Imports

s.t.

➢ Power flow equations (linearised)

➢ Voltage and thermal limits

OPF setup

For each time step

3. Case Study
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Distribution transformer

Backbone Cable (3)

Service Cable (1)

Fixed Cust. w/o PV: 37 (33%)

Fixed Cust. w/ PV: 35 (30%)

Flexible Cust.: 42 (37%)

▪ Residential single-phase customers: 114

▪ PV capacity for fixed customers: 5 kVA

▪ PV capacity for flexible customers: 10kVA

▪ Maximum export limit: 10 kW

LV Network with 3 feeders

4. Results

For exports/imports

Aggregated Energy 
Exported

• Simple: 13.5 MWh
• Enhanced: 26.5 MWh

~96% more exports

✓ Q  required 
increases during 
daytime, due to 
high PV exports.

✓ Enhancement 
depends on the PV 
inverter capacity

Ensuring network integrity with Enhanced OEs

✓ Simple OEs > Fixed Limit
✓ Enhanced OEs > Simple OEs

Customer Voltages  Asset Utilisation  
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