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The challenge

LV networks are inherently unbalanced across the 3 phases

1. Uneven load distribution. 

➢ Single-phase loads (like residential homes or small businesses) may be disproportionately connected to one or 

two phases.

➢ This is especially common in mixed-use areas where load planning hasn’t been optimised.

2. Poor Network Design or Reconfiguration

➢ Historical changes to the network (e.g., new connections, rerouting) may not have considered phase balancing.

| Energy Innovation Forum 
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The challenge

As customers adopt low carbon technologies, such as electric vehicles, heat pumps, solar 

generation and batteries. Phase imbalance as electricity demand increases will become more 

of an operational problem for networks.

➢ Voltage management within the 230V limits (+ 10% and - 6%)

➢ Thermal capacity limits 

Different rates of change as 

customer groups transition – 

building adaptability, 

occupation, use and the socio-

economic cost of transition.  

| Energy Innovation Forum 
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The Phase Switch System is an innovative solution to 

the emerging issue of increased and more variable 

phase imbalance across DNO LV networks due to the 

adoption of low carbon technologies by customers

✓ Phase imbalance can currently only be addressed by 

manually reconfiguring customer connections or via network 

reinforcement

✓ PSS solution is a piece of street furniture

✓ Automatically balances load across the phases

✓ Reduces losses and the need for expensive reinforcement

Introducing the Phase Switch System

PSS prototype developed by Low 

Carbon Electric on the UKPN network 

(previous UKPN-led NIA project)

| Energy Innovation Forum 
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How does it work?

HV / LV Substation

Balanced LV Network 

Ideal

4 Houses L1

4 Houses L2

4 Houses L3
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How does it work?
Balanced LV Network 

Reality

6 Houses L1

4 Houses L2

2 Houses L3

HV / LV Substation
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How does it work?
Balanced LV Network 

Future

6 Houses L1

4 Houses L2

2 Houses L3

HV / LV Substation

Low carbon technology adoption by the 

customer – EV, Heat Pump or PV/Battery
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How does it work?
Balanced LV Network 

Future

6 Houses L1

4 Houses L2

2 Houses L3

HV / LV Substation
• Excess heat on L1 cable

• Voltage problems

• Reduced asset life cycle of transformer and cable 

• Investment required for network reinforcement

| Energy Innovation Forum 
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How does it work?
Balanced LV Network 

Phase Switch: Position A

6 Houses L1

4 Houses L2

2 Houses L3

HV / LV Substation

PSS

Position A

Load Monitoring 

Server

Fast 3 phase switch (sensing)
Position A

• No change

| Energy Innovation Forum 
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How does it work?
Balanced LV Network 

Phase Switch: Position B

6 Houses L1

4 Houses L2

2 Houses L3

HV / LV Substation

PSS

Position B

Load Monitoring 

Server

Fast 3 phase switch (sensing)
Position B

• L1 no change

• L2 reduced loading (less LCT connected)

• L3 increase loading (additional LCT)
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How does it work?
Balanced LV Network 

Phase Switch: Position C

6 Houses L1

4 Houses L2

2 Houses L3

HV / LV Substation

PSS

Position C

Load Monitoring 

Server

Fast 3 phase switch (sensing)
Position C

• L1 reduced loading (less LCT connected)

• L2 no change

• L3 increase loading (additional LCT)
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Led by UK Power Networks

June 2019 – March 2023

Network Innovation Allowance

Worked with Low Carbon Electric to take the prototype from the 

laboratory to demonstrate that it could be connected to the LV 

network and work as designed.

• Demonstrated it was safe to connect to the LV network

• Tested at PNDC that it could move demand from one phase 

to another without noticeable impact (light flicker) to the 

customer.

• Tested at PNDC that a fault could pass through and not be 

transferred to another phase.

• Produce installation and maintenance instructions 

Phase 1 – Proof of Concept Phase 2 - Demonstration

Led by NGED

September 2024 – January 2028

Strategic Innovation Fund

Further develop and tests the Phase 1 existing protype to market 

readiness while providing a support tool for planning and 

optimisation of deployment.

• PSS Solution Technical Development and Testing

• Planning Tool Development

• Network Trials

• Post Trial Evaluation and BaU Proposal

Programme of work

| Energy Innovation Forum 
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Phase 2 - Partners

| Energy Innovation Forum 
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Phase Switch System Product

Comms and Data Management

Testing

Phase Switch System

SIF Beta Project

September 2024 – January 2028
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Phase 2 – Demonstration Timeline

Oct 24 Nov 24 Dec 24 Jan 25 Mar 25 Jun 25 Sep 25 Dec 25 Jan 26 Mar 26 Jun 26 Sep 26 Dec 26 Jan27 Mar 27 Jun 27 Sep 27 Dec 27

Project Set-Up 

Kick Off and 
Planning

PSS System Development 

Local Communications

Closedown and 
BAU planning

Policy 
Development

Planning Tool 
Procurement/Dev’t

Field Trials

PNDC Testing

Stakeholder Engagement

Event Event Event

Comms/Data Trial Support

PSS Production

Planning  
Tool Testing

Gap to allow for preparation for trials

NGED/UKPN 
Spare device trial

| Energy Innovation Forum 
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How we will test the PSS solution

Field TrialsLab Tests

• Proving the technology in the field and any impacts on 

customers

• Proving the investment case/benefits

• EV charging hosting capacity validation

• Total losses (including transformers)

• Voltage

• Creating the case and policies for change

The PSS trials will 

focus on three key 

outcomes and 

deliverables

| Energy Innovation Forum 
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How we optimise installations

• Build a Network Planning Tool – optimise test locations

• Will allow the installation programme to be efficient with dedicated teams 

• Predict benefits based on existing measurements/estimated demand profiles

• Predict benefits based on forecast future demand profiles that reflect the expected 

deployment of LCTs which will increase network imbalance

• Include a spatial check to determine issues with narrow paths and suggest best 

locations for installation

• Will allow the installation programme to select the best value for money installations

| Energy Innovation Forum 
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Benefits

Environmental

• Reduced losses and 

associated CO2 emissions

• Reduced Fuse Op visits

 

Customer 

• Easier to adopt LCTs

• Reduced CIs and CMLs

• Lower bills 

(Deferred reinforcement and 

reduced losses)

• Fairer access to providing 

flexibility services due to 

better voltage management

Operational

• Defer reinforcement where 

load is imbalanced allowing for 

more efficient reinforcement 

work

• Reduced need to attend fuse 

op’s

• Improved voltage management 

(expected)

• Reduced CIs and CMLs

| Energy Innovation Forum 
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Offline Analysis for Phase Balance Optimisation
Objective: Switch only for significant phase balance improvements to prevent 'hunting'

PSS’s installed and set to PSS-Off mode, monitoring only with no 
phase switching.

Data analysis on Site A to determine optimal phase switching 
frequency settings for PSS-On mode.

Phase connections from UKPN plans; not independently verified. 

Estimated LV-main neutral current for each PSS switch position (5 
min rms intervals).

Tested threshold values (TV); exceeding TV triggers phase switch, 
setting frequency.

Site A

TV = 10A

TV = 25A

Switching Profiles

2024 

Vienna
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Phase 

Connection 

Summary

Site B

Switching Profiles

Tuesday 14 March 2023 (PSS Off)

Tuesday 21 March 2023 (PSS On)

Friday 17 March 2023 (PSS Off)

Friday 24 March 2023 (PSS On)

PSS Increase in Current Carrying HC March 2023 

Results

Hoff is the increase in HC current at PSS Off peak time.

Hon is the increase in HC current at peak time for each day. 

Hest is an estimated increase in HC current the PSS may achieve 

       which uses only LV Monitor data.

2024 

Vienna

Trial Results Site B - PSS Off Compared to PSS On
TV = 30A, Phase Switch is actuated when system detects it can reduce neutral current by more than TV
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Measured PSS LV-Main Losses
• Experiment dates: Feb 10, 2023, at 10:36 and Feb 17, 2023, at 16:39.

• Measured PSS's impact on LV-main losses.

• Power measurements taken quickly (less than 1 min) for each switch position (SP) to ensure consistent load.

• Compared sum of phase powers for each switch position.

• Results from the two experiments: SP B and SP C respectively had 3.2kW lower losses than SP A (no PSS).

• Potential annual loss reduction: 28MWh on Site B LV-main.

2024 

Vienna
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Compared to Cable Overlay (CO):

• PSS is significantly cheaper

• PSS requires minimal excavation vs. half the street dug up

• PSS is faster to install (time) and requires a smaller workforce

• PSS reduces losses in cables AND transformers

• PSS complements cable overlay by balancing transformer

• Avoids ‘locked hosting’ capability on CO

• Trial Results:

- 3.2 kW instantaneous loss reduction (28 MWh annual savings).

- With 2023 annual load, 202A LV-Main average hosting capacity increase (max 232A).

Conclusions
M. CATON, P. LANG, P. CROSSLEY, and M. ADE-HALL, ‘Phase Balancing To Increase LV Network Headroom: 

Phase Switch System Trial’, CIRED Vienna Workshop, Jun. 2024.

2024 

Vienna
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Reach out to the project team here:

Email: nged.innovation@nationalgrid.co.uk

Website: www.nationalgrid.co.uk/innovation

Sign up to our innovation                        

mailing list to hear more                            

about the progress on the                                  

PSS project via our monthly                           

newsletter - including                               

upcoming events.

Q&A

mailto:nged.innovation@nationalgrid.co.uk
http://www.nationalgrid.co.uk/innovation
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