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1 Executive Summary 

1.1 Project Overview 

The Flexible Urban Networks Low Voltage (FUN-LV) Low Carbon Networks Fund (LCNF) project has been awarded 
£6.53m funding towards the £8.35m project budget as a 2013 Tier 2 project.  The project started in January 2014 and 
runs through to December 2016.  
 
The overarching aim of this project is to explore the use of power electronics to enable deferral of reinforcement and to 
facilitate the connection of low carbon technologies and distributed generation in urban areas.  This will be achieved by 
meshing existing networks which are not meshed and by removing boundaries within existing meshed networks.  It will 
do this by trialling three different approaches also known as methods (Methods 1, 2 and 3) across 36 trial sites, 24 in 
London and 12 in Brighton: 

• The first of these methods (Method 1) can provide uncontrolled capacity sharing between two substations; 

• The second of these methods (Method 2) can provide controlled capacity sharing up to 240kVA between two 
substations; 

• The third of these methods (Method 3) can provide controlled capacity sharing up to 400kVA between three 
substations. 

1.2  Progress to date 

The FUN-LV project is now in its final year.  Over the two previous years the project team has specified, procured, 
installed and commissioned the different equipment required to demonstrate the Methods.  The IT systems have been 
developed and enhanced to allow this equipment to be monitored and controlled.  UK Power Networks operational staff 
have been made familiar with the equipment and they can work on it safely.  During this period the project team has 
continued to monitor and upgrade the equipment to maximise up-time and operational performance.  The project has 
also made good progress in the technical performance analyses that will form SDRC 9.5. 

1.2.1 Trial scheme operations 

All the FUN-LV equipment has been installed and commissioned.  Throughout this period all schemes have been 
operational.  However, as network events occur (LV faults, short duration incidents, lock outs, etc.) in addition to the 
planned trial schedule, the number of schemes running at any one time varies. At the time of writing, 30 of 36 trial 
schemes are operational. 

1.2.2 Soft Open Point control algorithm 

Version 2 of the control algorithm continues to be used.  The trials plan records past modes of operation and the 
devices are being set to specific operational modes on a weekly basis driven by this trials plan to ensure the maximum 
amount of learning is obtained. 

1.2.3 Stakeholder Engagement 

Following the operation of two power electronic devices (PEDs) – Buckingham Road and Robert Street – letters were 
delivered to residents and businesses apologising for the inconvenience caused due to the noise produced by the 
PEDs, and describing our plans to install silencing baffles to reduce the impact of fan operation and to remain in touch 
with customers to ensure a suitable solution.  Buckingham Road is operated for a limited number of hours each day to 
collect data and Robert Street is having a silencer installed on the heat exchanger exhaust system. 
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1.2.4 IT System Integration 

The dedicated instance of the UK Power Networks network control application, PowerOn, is being used daily by control 
engineers and the project team to monitor and control the trial scheme LV networks. The specialist power flow 
modelling tool, DPlan, is being used by the project team to support the activities associated with SDRC 9.5 and 9.6 
which are due later this year. 

1.2.5 Technical Analysis 

Workstream 3 is making good progress on the technical analysis of Method 1, Method 2, and Method 3 case studies 
and preparation of SDRC 9.5.  Some initial findings from this work are outlined later in this report. 

1.2.6 Cost Benefit Analysis 

Baringa Partners (Baringa) have continued to carry out the cost benefit analysis (CBA) and have presented their 
analysis tool to calculate and assess the benefits delivered by the three methods. The tool is discussed in section 2.4 

1.3 FUN-LV Risks and Issues 

1.3.1 Procurement Risks and Issues 

There are none to note, with all major equipment purchased. 

1.3.2 Costs 

The project is incurring costs in excess of the planned budget but within contingency to keep the schemes operating 
and collecting data. 

1.3.3 Installation Risks and Issues 

There are none to note, with all installations complete. 

1.3.4 Recruitment and Other Risks and Issues 

Vast amounts of data are being collected and the visualisation tools are currently slow to extract and process data.  
The tools available in iHost and Pi historians allow simple graphs to be produced but functionality is limited and 
assessments cannot be quickly reproduced for similar trial schemes.  Further details are given in section 2.3.2. 
 
The project has identified a number of types of network events – typically of a very short duration (less than 200ms) – 
that have caused the PEDs to lockout.  Each time a lockout occurs fault and event logs are collected and sent to Turbo 
Power Systems (TPS), the PED supplier, to check the cause and recommend what action is required. 
 
Changes to ventilation arrangements are being investigated at two sites to minimise impacts to customers. 
 

1.4 FUN-LV Key Learning 

Method 1 installations have demonstrated capacity sharing however case studies have shown that this capacity 
sharing is dependent on the system impedance and load distribution between the sharing substations. 
 
The project has shown successful PED operation, where distribution substations were heavily loaded and the PEDs 
were able to reduce this demand by capacity sharing. 
 
Method 2 and 3 PEDs are able to deliver individual and multiple modes of operation.  Results will be published in 
SDRC 9.5. 
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Section 2.4 of this report details some of the initial analysis outcomes.  Results will be published in SDRC 9.5. 

2 Project Managers Report 

2.1 Workstream 1 – Enhanced Network Assets 

Since the completion of the approval, procurement, installation, and commissioning of all equipment required to 
demonstrate the benefits of FUN-LV, this workstream is now responsible for the day to day monitoring of the operation 
of each of the trial schemes.  This requires the use of the PowerOn Fusion (POF) control system delivered by 
workstream 2.  The monitoring and control of the Method 2 and 3 PEDs has been delegated by the Control Centre to 
the project team.  The project team has changed the mode of operation of the PEDs based on the trials plan managed 
by workstream 3.  The operation of Method 1 circuit breakers and link box switches installed in London is carried out by 
LV Control engineers at the Control Centre. During this period hardware changes were carried out to facilitate secure 
remote updating of software.   

2.1.1 Key Issues Encountered 

The main issues encountered in this reporting period have been: 

• The noise generated by two PEDs has resulted in complaints.  Buckingham Road is now operated for a limited 
number of hours each day to collect data and Robert Street is having a silencer installed on the heat 
exchanger exhaust system; 

• Ventilation issues where the hot air from a Method 3 heat exchanger was drawn into a customer’s ventilation 
system in an underground car park requiring cooling system modifications to be carried out; 

• Levels of coolant are being monitored on a regular basis, due to high rates of evaporation, resulting in coolant 
lockouts; and 

• There have been four instances where electrical connections to LV distribution boards have become hot, 
melted and caused a broken connection. As soon as the PED detects loss of volts, due to the broken 
connection, the PED control system locks out and ceases any transfer function.  Investigations have shown 
that the common factor was the thumb screw holding the modified fuse carrier in place was no longer tight.  
During site visits the connections are checked and tightened if necessary and other fuse holder solutions are 
being investigated. 

2.1.2 Planned Activities for the final reporting period 

Workstream 1 will continue to provide ongoing maintenance and resolution of issues identified. 

2.2 Workstream 2 – Communications, System Integration, Data management  

Since workstream 2 has completed commissioning of the IT and communications solutions, the activities related to this, 
i.e. the integration of IT systems, have reached conclusion. The tools that were delivered as part of this workstream 
such as the POF control system and iHost are continuing to be utilised for operations and analysis. In each case these 
tools are being shared with the business including both the operational and planning teams – leading to further 
demonstrations as well as continuous evaluation of their suitability. 
 
DPlan training was delivered to the project team, distribution planners and connection designers.  This included the 
demonstration of project specific and enhanced functionalities in the modelling tool.  The developments in the software 
produced from the FUN-LV project are being used by the business as part of their distribution planning tool selection 
process. For the purposes of the project modelling, DPlan was satisfactorily tested by the distribution planning users.  
Progress of the visualisation tool being developed in Qlikview is detailed in the next section, and the DPlan modelling 
tool is being used to carry out sample power network analysis case studies. 
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2.3 Workstream 3 – Network Awareness 

The aim of this workstream is to realise the benefits of PEDs and demonstrate the value that can be realised from 
devices, from the point of view of the technical performance.   
 
There are two key elements to this workstream: 

1. Defining the requirements for enhanced awareness tools and evaluating the effectiveness of the tools 
developed for the business; and 

2. The development of the soft open point (SOP) control algorithm for the Method 2 and Method 3 hardware, to 
achieve enhanced capabilities, and demonstration of the modes of operation observed in the field trials. 

For each of these elements there are two key phases of work: 

1. Design and development of both the SOP control algorithm and the tools supporting FUN-LV (the development 
of the tools has been finalised under Workstream 2). 

2. Deployment of the SOP devices and tools developed, and evaluation of performance of different operating 
modes. 

The work in this reporting period has focussed on the latter, i.e. the evaluation of the performance of the devices 
observed during the field trials.  The analysis undertaken in this period will be captured in SDRC 9.5: Successful 
demonstrations of enhanced modes of operation of power electronics devices. 

2.3.1 The Approach 

2.3.1.1 Enhanced Tools  

The activity to develop a visualisation tool for the field trials data is progressing well.  The requirement for this tool has 
been driven by the need to: 

• Bring data together from the various sources (iHost and the existing UK Power Networks’ data historian, PI) so 
that they can be assessed via one dashboard; 

• Provide tailored dashboards to visualise the status and performance of the equipment quickly and in a useful 
format; and 

• Provide tailored visualisations for the project to support the analysis and to associate a range of key data types 
with each scheme, which will be vital to the analysis within FUN-LV. 

 
The requirements of the visualisation tool are driven by the need to continually and easily understand the status and 
health of the equipment, and also to analyse the data in order to produce the FUN-LV learning and deliverables.  
Differentia Consulting Ltd (Differentia) has been engaged to develop the tool, working closely with the FUN-LV project 
team who are defining the tool specifications and requirements.  This activity is discussed further in the next section. 
 
During this reporting period Ricardo has been using DPlan to undertake a benefits study of a number of SOP sites. 

2.3.1.2 SOP Control Algorithm 

The development of the SOP control algorithm is a set of activities led by Imperial College.  Sessions between Imperial 
College, Ricardo,, UK Power Networks and TPS have continued to be held approximately bi-monthly, allowing Imperial 
College to present their progress and for Ricardo and UK Power Networks to provide feedback and guidance on design 
decisions and performance seen so far. 
 
The activity in this reporting period has focussed on: 
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• reviewing field trials data to assess the performance of version 2 of the algorithm; 

• suggesting revisions to threshold settings, where appropriate, to improve the performance of the devices; and  

• making recommendations for version 3 of the algorithm. 

2.3.2 Progress in this reporting period 

2.3.2.1 Enhanced Tools  

The key activities in this reporting period include: 

• Visualisation of field trial results in Qlikview – With 36 trial schemes it is necessary to be able to quickly view 
the status of each scheme.  Qlikview was selected as the application to provide this function.  Differentia have 
been engaged to develop the tool.  Progress in this reporting period has included:  

o Engagement of Differentia and a project kick-off meeting;  

o Development of a detailed specification for the Visualisation Tool by Ricardo as shown in Figure 1;  

o Engagement of Nortech, who own iHost, to provide a historic export of FUN-LV iHost data, as well as 
hourly exports, as a data input to the tool (primarily Method 2 and 3 SOP data);  

o Working with UK Power Networks and Capula to gain access to PI data (Method 1 schemes);  

o Completion of Stage 1 Detailed Requirements Definition by Differentia;   

o Progress on Stage 2 FUN-LV Transform (transformation of raw data into Key Performance Indicators 
and statistics required for the tool); and 

o Progress on Stage 3 Dashboard build (development of the Equipment Health Dashboard, Detailed 
Scheme Screen and General Analysis Screen) – screen shots of the draft Dashboard are shown in 
Figure 2. 

• DPlan studies on potential benefits – a template has been produced for documenting the studies that are being 
undertaken in DPlan to assess the potential benefits using modelling for FUN-LV sites.  Three case studies have 
been undertaken including a Method 1 radial site (Acre Lane), a Method 1 interconnected site (Portman Close) and 
a Method 3 radial site (Loughborough Rd), and the template has been populated with the results and analysis.  
Further studies will be conducted, which will include an SPN site and Method 2 SOP. 

 
 

 

 

 

 

 

 

 

 
 

 

Figure 1 Specification for the visualisation tool 
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Figure 2 Screenshots of Visualisation Tool dashboard, developed in Qlikview 
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2.3.2.2 SOP Control Algorithm and Performance  

In this reporting period Imperial College has been analysing the performance of the SOP control algorithm, based on 
data from the field trials.  This has included: 
 
• Reviewing data from iHost on the key SOP operating mode, Real Power Transfer (RPT).  The project has 

demonstrated that the equalisation mode is performing well for Method 2 SOPs, and broadly working for Method 3 
SOPs; although some limitations on the extent of equalisation have been identified.  See Figure 3 to Figure 6 
overleaf and associated narrative; 

• Reviewing data from iHost on Voltage Support mode, suggestions were made to improve performance of the 
mode, including: 

o for multi-terminal SOPs, putting Port A (the one that is connected to the transformer in the same substation 
building as the SOP through a short cable) in RPT mode; and  

o revising the voltage set and reset thresholds at all sites. 

• Reviewing data on Unbalance Support mode, and making a site visit to investigate this mode.  The mode is taking 
action as expected but not having the impact anticipated, and further investigations are required to understand this; 

• Reviewing data on Power Factor Support mode; changes were suggested to the set and reset thresholds, such 
that the support mode is triggered at most schemes; 

• Identifying and recommending improvements for the control algorithm, based on learning from field trials data 
(Figure 7); and 

• Drafting key supporting reports for SDRC 9.5: 

o Enhanced Modes of Operation; and  

o Power Electronics: Fault current and voltage control. 

 
Figure 3 (overleaf) shows a comparison between the substation real power demand for when the algorithm is in 
operation (red line) and when the algorithm is not in operation (blue line). When the algorithm is operating, the 
algorithm is transferring power to equalise the demand on the transformers with respect to their maximum capacity. 
The top graph in Figure 3 shows the real power demand of the substation connected to Port A, the next graph is the 
substation at port B, followed by the substation at Port C. It can be seen that the algorithm has increased the real 
power demand at substation at Port A, and reduced the real power demand at the substation at Port B and the 
substation at Port C. The algorithm equalises the utilisation which is expressed as a percentage of the size in kilowatts 
of the transformer. Since the size of the transformer at the three substations are the same, the change in substation 
demand between when the algorithm is in operation and when the algorithm is disabled may be shown as an absolute 
value. The bottom graph shows the difference between the substation with the maximum demand and the substation 
with the minimum demand. This is a measure of disparate utilisation at the three substations (complete equalisation 
would lead to a difference of zero). 
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Figure 3 Comparison of transformer equalisation for a multi-terminal device 
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The algorithm is designed to maintain each transformer utilisation within +10 % and -10 % from the mean of the three 
transformer utilisations. Figure 4 shows the principle of transformer equalisation at the substations. Before the 
algorithm is in operation the transformer at the substation of Port A has an utilisation of 30%, the transformer at the 
substation of Port B has an utilisation of 75% and the transformer at the substation of Port C has an utilisation of 60%. 
The average utilisation across the three ports is 55%. 
 
For correct operation, the utilisation of the substation at Port A should increase to 45% which is 10% less than the 
average of the utilisation. The utilisation of the substation of Port B should decrease to 65% which is 10% more than 
the average. Port C will be used to balance the power flow and if the ratings of the transformers were the same at each 
site, then the average of the utilisation would not change (excluding the effect of network losses and SOP losses). To 
maintain the utilisation average, the utilisation at Port C would decrease by 5% to a utilisation of 55%. 
 
 

 

Figure 4 Principle of transformer equalisation at the substations 
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Figure 5 shows the transformer utilisation of the transformer loading in Figure 3 (blue line) for when the algorithm is in 
operation, compared with the average utilisation of all three substations (red line). It can be seen that some further 
development is required in the algorithm. The algorithm is transferring power to improve the equalisation and Figure 5 
shows that between 7 pm and 9 am, the algorithm is maintaining the transformer load to 10% of the mean utilisation. 
However during 9 am and 7 pm, the algorithm should transfer more power in order to maintain an equalisation of 10% 
from the mean. 

 

 
Figure 5 Transformer utilisation of Figure 3 for when the algorithm is in operation.  

The average shown here is the average of the utilisation. 

 
 

 
  

SOP limiting output of power at Port A (blue line) 
Utilisation below the 10 % threshold setting for 
Port A and above the 10 % threshold for Port B  
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The real power transfer from the SOP has changed the demand at the substations connected to Port A, Port B and 
Port C, this is shown in Figure 6.  The rated output of the SOP is the limiting factor during the period that more power 
transfer is required.  Allowing the SOP to transfer more power will enable the SOP to further equalise the transformer 
loading.  It was observed that the transfer profile is levelling out (e.g.-250kW for Port A– in Figure 6, this indicates that 
the SOP is preventing the target equalisation of 10% from the mean from being achieved.  Further investigation of the 
algorithm debug code will provide understanding of whether more power transfer support was indeed required to reach 
target equalisation. 
 
 

 
Figure 6 Transfer of real power for each port of the multi-terminal device 
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From the initial data analysis a number of valuable learning points have been identified as inputs to the future 
development in Version 3 of the algorithm. These are listed in Table 1 
 
Number Description Background 
1 Reduce the total amount of settings based 

usefulness during the trials 
For the trials, all the variables in the algorithm have 
been placed on the human machine interface (HMI) 
to enable flexibility. However this is not appropriate 
for the roll-out of SOPs and the number of settings 
should be reduced to simplify the commissioning 
process. 
 

2 Allow the user to select transformer sizes 

3 Move transformer voltage support from the ‘enable 
command’ for reactive power support and allow it to 
be controlled from the voltage support enable 

It does not make sense that a voltage support 
function is enabled using reactive power ‘enable 
command’. 

4 Utilise the power factor correction enable command These enable commands are not in use and should 
either be used or removed for the roll-out of the 
SOPs 5 Design algorithm for harmonic support command 

6 Investigate the option of adding a voltage 
equalisation algorithm 

The SOP uses upper voltage and lower voltage 
thresholds to control the port voltage. For this 
algorithm to work effectively, one port should have 
a voltage which is in the lower region and the other 
port should have a voltage in the upper region. This 
is not what has been witnessed on site as all ports 
are in the upper region. A voltage equalisation 
algorithm may be more appropriate and should be 
investigated. 

7 Make changes to how the SOP reports its actions 
to iHost 

In some situations it has been difficult to understand 
the behaviour of the SOP which has impeded the 
analysis. How the SOP reports its activities to iHost 
should be reviewed and the debug code improved 
to ensure that the required data sets and length of 
records are captured. 

8 Include a sleep-mode option within the algorithm When the SOP is enabled, the DC bus is always 
charged and the insulated-gate bipolar transistors 
(IGBT) are always switching. In some situations, the 
losses of the SOP are greater than the benefits the 
SOP provides (more analysis is required to quantify 
the precise impact). The algorithm should include a 
sleep mode which stops the switching of the IGBTs 
when support is not required. The algorithm should 
always monitor the measurements and decide 
when to wake the SOP and start transferring power. 
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Number Description Background 
9 Review of dead-bands and thresholds for the 

algorithm operation 
During the field trials, the dead-bands and 
thresholds of the algorithm have been changed in 
order to demonstrate the operation. These should 
all be reviewed and set them to an appropriate level 
(e.g. considering steady-state performance 
requirements and desired amount of intervention) 
when the SOP becomes business as usual. 

10 Improvement to checks performed on the 
measurement data 

The algorithm only checks the range of the 
measurement inputs. No other real-time data 
checking has been applied. During the field trials 
the sensors and data have been validated manually 
by the project team and in some cases did require 
re-configuration to capture data correctly, e.g. 
recorded with the correct polarity. The SOP should 
actively monitor to check for any inconsistences in 
the measurement data with the aim of detecting 
incorrect sensors or measured voltage and current 
values that do not equating to the measured real 
and reactive power values. 

11 Threshold signal being ignored when algorithm is 
operating in transformer equalisation 

Results have shown that the algorithm should have 
responded to a threshold signal but did not. The 
code should be checked for any situations where 
the algorithm is ignoring the threshold signal.  

Table 1 showing learning from Version 2 of the algorithm for development in Version 3 of the algorithm 

Imperial College has a number of activities underway that are not directly related to the development of the control 
algorithm for the field trials.  They are: 

• Develop and laboratory test solutions for PEDs and conventional protection – this activity will resume once the 
analysis required for SDRC 9.5 has been conducted. 

• Review and assess communications technologies for PED system roll out – the Imperial College communications 
team are drafting their review, with input from the project team in response to specific clarification questions on the 
communications system for FUN-LV. 

2.3.2.3 Trials Analysis 

During this reporting period the trials data has continued to become available through PI (for Method 1 sites) and iHost 
(for SOPs) for FUN-LV schemes.  As above, Imperial College has been reviewing the data from the point of view of 
understanding the algorithm performance.  Ricardo has been analysing the data to understand the impact on the 
network, and has been summarising the analysis in a format that is suitable for input to the workstream CBA model.  
Meetings have been held between Ricardo and Baringa (workstream 4 CBA contractor) to ensure that the outputs from 
workstream 3 are delivered in a format that will align with the CBA model, as the analysis has progressed. 
 
Ten of the 36 FUN-LV trial schemes have been analysed in detail for the benefits case studies.  The schemes have 
been selected for the case studies to capture a range of FUN-LV methods and network types (Table 2). 
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 SPN LPN radial LPN interconnected 
Method 1 SPN 1.2 M&S LPN 1.7r Eastbourne Terrace LPN 1.2i Portman Close 

LPN 1.3i Edgware Rd 112-130 
Method 2 SPN 2.1 Boyce’s St LPN 2.4r Loughborough Park LPN 2.8i Portman Sq 
Method 3 SPN 3.1 Prudential North St LPN 3.3r Bushey Road LPN 3.2i Bulstrode 
Table 2 List of FUN-LV schemes selected for benefits case study. 

Each case study document completed in this analysis captures: 

• Site background (site name, ID, location, method, rationale for site selection) 

• Pre-FUN-LV site data (transformer load data prior to the operation of the FUN-LV method and key statistics) 

• FUN-LV installation (photo, PowerOn screen shot of scheme, date of operation, operational incidents, types of 
customers) 

• FUN-LV field trials data (power transferred, transformer demand with and without equalisation, impact on 
transformer equalisation and share of group demand, demonstration of secondary benefits, utilisation of the 
FUN-LV Method) 

• Other benefits and observations (customer reaction, reliability of communications) 

An example of a case study is shown in Figure 9 below. 

 
Figure 7 Example of part of a case study document for LPN 2.4r Loughborough Park 
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The key quantitative findings for each scheme studied in detail have been summarised in a spreadsheet.  An example 
of the summary of results is shown in Figure 10 in the table below. 
 

LPN 2.4r Loughborough Park  
Background 
Site ID LPN 2.4r  
Site name Loughborough Park 
FUN-LV Method Method 2 
Network area London radial 
Substation A B 
Name 91045 - Loughborough 

Park GPO Depot 
94401 - Loughborough 
Park 

Substation Rating (kVA) 500 500 
Substation 
Max demand before (kVA) 389.00 245.99 
Min demand before (kVA) 128.00 31.40 
Max demand after (kVA) 248.00 237.84 
Min demand after (kVA) 114.00 100.81 
Max Utilisation before (%) 78% 49% 
Min Utilisation before (%) 26% 6% 
Max Utilisation after (%) 50% 48% 
Min Utilisation after (%) 23% 20% 
Group   
Headroom before (kVA) 111.00   
Headroom after (kVA) 252.00   
Headroom increase (kVA) 141.00   
% Headroom increase 127%   
Peak Load increase (kVA) -53.15   
%  Peak Load increase -10%   
%  Average Load increase 0.08   
Min SOP transfer (based on 
average transfer) (kW) 

60   

Max SOP transfer (based on 
average transfer) (kW) 

131   

Table 3 LPN 2.4r Loughborough Park Summary 

Analysis for all of the remaining schemes (i.e. that have not been analysed for a case study) to determine the 
performance of real power equalisation for that scheme will be completed as part of SDRC 9.5.  The results from the 
analysis are being prepared as a set of simplified “rules” for each scheme, for input to the CBA model.  

2.3.3 Key Issues Encountered 

The main issues encountered in this reporting period have been: 

• The trials period is being reduced due to delays to Method 1 and SOP schemes being operational (e.g. due to fault 
finding, network issues that needed to be resolved, software upgrades and ventilation changes required).  This has 
reduced the quantity of method intervention data available for trials analysis and the time available to conduct the 

    Unrestricted 
UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237 Southwark Bridge Road, London, SE1 6NP Page 17 of 32 

 



Flexible Urban Networks – Low Voltage Project Progress Report  
January – June 2016  
 
 
 

analysis; however, the project is confident that sufficient operational data has been obtained to deliver the 
expected learning outcomes.  Additionally, the analysis templates and data visualisation tool that have been 
developed will improve the pace at which analysis work will be delivered.  Imperial College and Ricardo have been 
analysing site data as it becomes available; 

• Differentia access to data – In order to populate the visualisation tool, Differentia has required access to the FUN-
LV trials data from iHost and PI.  A historic set of data is required, as well as the capability for hourly exports of 
data, so that the tool is based on near-real-time data.  Establishing the automatic data links across these systems 
has involved a longer than expected sequence of identifying and establishing access and permissions to the PI 
database and iHost.  Differentia have progressed with the build of the visualisation tool in parallel, with the existing 
data that has been made available to them; 

• The speed of downloading data from iHost has been slower than anticipated, partly due to the large volumes of 
data driven by the period of time to be analysed and the granularity of data required; and   

• Data validation – it has become apparent during the analysis that some of the measurements have been incorrect, 
and have required correction (either at the point of measurement, or being reconfigured in iHost).  UK Power 
Networks have been carrying out an active data validation exercise throughout the ramp up of analysis phase in 
order to address this. 

2.3.4 Key Deliverables 

The key workstream 3 deliverables during this reporting period are: 

• Analysis of field trials data to understand the performance of the SOP control algorithm, and the impact of the 
methods on the network; 

• Imperial College’s reports on power electronics in relation to fault current, voltage control and losses for SDRC 9.5; 

• A log of recommendations for improvements to the SOP control algorithm, based on learning from field trials data; 

• Ricardo’s detailed benefits case studies for ten FUN-LV schemes and the analysis of the remaining schemes are in 
progress; 

• Imperial College’s draft report “Review and assess communications technologies for PED system roll out”, which 
may be drawn upon for SDRC 9.6; 

• Ricardo’s detailed specification for the FUN-LV Visualisation Tool; 

• Differentia’s Stage 1 Detailed Requirements Definition for the FUN-LV Visualisation Tool, demonstrations of the tool 
build and delivery in progress  for the Visualisation Tool; and 

• A draft SDRC 9.5 “Successful demonstrations of enhanced modes of operation of power electronics devices” report, 
which includes Imperial College’s reports, for internal review prior to submission to Ofgem. 

2.3.5 Planned Activities for the final Reporting Period 

During the next reporting period the activities are as follows:  

• Finalisation of SDRC 9.5 and submission to Ofgem; 

• Maximising circuit transfer capacity to capture learning from lab tests to contribute to the understanding of SOP 
transfer profiles; 

• A report outlining the potential benefits from deploying power electronics based on demand curves (documentation 
of DPlan studies); 

• A laboratory-based activity to develop and lab test solutions for PEDs and conventional protection; 
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• Review of the Benefits and objectives matrix (as seen in SDRC 9.1) from the site selection process against the field 
trials results; 

• Documentation of conclusions on network architecture that benefits from PEDs; the strengths and weaknesses of 
PED installations; and 

• Support from workstream 3 partners to UK Power Networks for the close down report. 

2.4 Workstream 4 – Cost Benefit Analysis 

2.4.1 Progress in this reporting period 

In this reporting period Baringa has further developed the site specific CBA tool and this has undergone review by the 
FUN-LV project team and technical design authority. The tool provides a framework for business as usual and power 
electronics solutions to be compared using CBA processes. An approved version of the tool is currently in circulation 
with further modifications being incorporated in light of trials data. The inputs to the tool include costs, network 
capacities and trials data whilst the outputs provide an overall financial benefit (NPV) taking into account deferral of 
reinforcement and secondary benefits. 
 
In order to calculate the number of years before required reinforcement it was necessary to include load growth 
forecasts for each scheme within the tool. Load growth data was acquired through UK Power Network’s top-down load 
growth model that uses customer demographics to determine the expected demand growth (as a factor of the 
transformer load) to a secondary substation level. These model outputs were integrated into individual trial scheme 
analyses and illustrated to associate representative load growth scenarios. 

2.4.2 Key Issues Encountered 

The main issues encountered in this reporting period have been: 

• Acquiring accurate load growth forecast data to secondary substation level dependent on detailed data sets not 
consistently available. Assumptions around future load growth profile were implemented to produce representative 
scenarios; 

• Inconsistent equipment operations leading to delay of early trial sample data and hence refinement of CBA 
template; 

• Lessons learnt regarding the PED equipment designs and early discussions with suppliers regarding potential future 
technical developments have led to increased uncertainty about future costs predictions used in SDRC 9.6 analyses 
of dual and multi-terminal devices – though this is most likely to result in costs and/or physical dimensions being 
revised down; and 

• Difficulty in establishing common rules for trial benefit quantification due to complexity of observations from trial 
analysis such as the presence of network tees and large point loads as opposed to a linear distributed load profile. 

2.4.3 Key Deliverables 

The key workstream 4 deliverables during this reporting period are: 

• Supplementary justification material on benefits measurement; 

• Review and development of CBA site specific template; 

• Action based comments log for continued improvement and review of assumptions in CBA tool; 

• Overview plan for SDRC 9.6; and 

• Cost review from early inputs to reinforcement and method costs data. 

    Unrestricted 
UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237 Southwark Bridge Road, London, SE1 6NP Page 19 of 32 

 



Flexible Urban Networks – Low Voltage Project Progress Report  
January – June 2016  
 
 
 

2.4.4 Planned Activities for the final Reporting Period 

During the next reporting period the activities are as follows:  

• Finalisation of SDRC 9.6, including supporting documents, and submission to Ofgem; 

• Implementation of CBA benefit rules to trial schemes scenarios; 

• Summary of BAU costs including methodology and results (SDRC 9.6.2 evidence);  

• Finalisation and summary report on method costs for trials (SDRC 9.6.3 evidence); 

• Demonstration of benefits report (SDRC 9.6.4 evidence); 

• Assessment and sensitivity calculations and report (SDRC 9.6.5 evidence); and 

• Replication study for PEDs. 

 

2.5 Workstream 5 – Knowledge Dissemination 

 
This workstream is dedicated to sharing the learning and knowledge generated from the other workstreams.  The 
framework for this activity is contained within the Knowledge Dissemination Roadmap (version 2.2).  This document 
defines the project’s key stakeholders or target audience, outlines the knowledge to be shared from other workstreams, 
proposes appropriate communication channels and sets out the timetable for knowledge dissemination activities.  For 
the final stages of the FUN-LV the project has produced a knowledge dissemination calendar. 

2.5.1 Progress this period 

During this period of the project there has been a continuation of awareness raising activity about the project and its 
aims and objectives within UK Power Networks and externally.  The project has continued to refine its list of key 
stakeholders, both internal and external, sharing the potential benefits with both internal stakeholders and other 
DNOs.  Information about the project is available on the UK Power Networks’ Innovation website. Planning work has 
been completed to prepare for an increase in knowledge dissemination activities in the second half of 2016 in support 
of SDRC 9.5 and SDRC 9.6 outputs. 
 
A summary of activity that has taken place between January and June 2016 is summarised below: 

• Partner communications: in addition to regular communication with representatives from all project partner 
organisations, Project Partner Board meetings were held in March and May (reduced partner meeting) 
providing an opportunity for a structured sharing of progress within all workstreams and against all milestones.  
This enabled a sharing of learning within the project and ability to re-affirm targets and objectives. 

• Internal stakeholders: during May operational staff in London were asked to attend a roadshow.  At this event 
the operation of single phase circuit breakers and link box switches used in Method 1 and associated safety 
messages were described.  Over 200 operational staff attended these roadshows. 

• The project has increased the number of trial sites with virtual tours developed for publishing visualisation of 
the installations of the PEDs to a wider audience. This will enable interested parties to view the PEDs as some 
have been installed in confined space substations that normally they would be unable to visit. 

2.5.2 External audience  

In January a learning workshop was held with members of the Western Power Distribution (WPD) Equilibrium team.  
Equilibrium is an LCNF project, which will install a Flexible Power Link – this is a scaled up version of a SOP, and WPD 
were keen to understand the team’s learning on SOPs from the project so far.  The FUN-LV team members present 
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included UK Power Networks, Ricardo and Imperial College, which meant that a range of topics could be covered, 
including: site selection, design and installation, and the development of the control algorithm. 
 
In May 2016 the project was invited to present at the Utility Week Live conference in Birmingham (Figure 11).  The 
seminar headlined LCNF case study projects. The project presented:  

• The proposed FUN-LV future distribution planning process where the various Methods need to be assessed 
and the appropriate solution is deployed which could include traditional reinforcement; 

• Described the analysis required and the IT systems developed; and  

• Illustrated the various locations where the devices had been installed. 

. 

 
Figure 8 FUN-LV presented at Utility Week Live 2016 

2.5.3 Activity planned for the final six months include: 

• Internal stakeholders: links between the project and the core group of internal stakeholders will continue to be 
strengthened through meetings and workshops.  Further briefings and engagement will be arranged for a wider 
group of internal stakeholders to increase the awareness and understanding of the project;   

• Key messages: to inform all product communication, products including brochures, reports, webpages, videos 
etc. will continue to be reviewed and developed during the lifecycle of the project; 

• Attend external speaking events: to promote the FUN-LV project and the initial results from the power 
electronics being trialled;  

• SDRC learning event: the project is planning an external learning event to be held during the final reporting 
period. This will cover various topics, along with the lessons the project has learnt as part of this process;  

• A combined event with the HubNet consortium and the EPSRC Centre for Power Electronics is being planned 
to share real world experience of power electronics connected to a distribution network; and  

• Work will continue to identify any further opportunities to increase awareness of the project and to share any 
learning. 
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3 Consistency with Full Submission 
 
The FUN-LV project is on track to deliver the learning consistent with the full submission as updated by the change 
requests. 
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4 Risk Management 
 
FUN-LV has established a rigorous and proactive risk management process, as described in the FUN-LV Project 
Handbook. It allows for the recording, communication and escalation of key risks and issues within the project.  It also 
defines where decisions will be made and how this will be communicated back to the workstream level where the risk 
or issue has arisen. Risks are reviewed regularly between each Workstream Lead and the Programme Management 
Office. The risks are escalated to and discussed by the Project Board as required. Key project decisions are 
documented in a decision paper or internal change request. 

4.1 Full Submission Risks – Update 

Risks closed in the previous six month report have not been carried forward. 
 
Ref 
No 

RAG 
Status 

Risk and Impact Description  Mitigating Actions Update 

Installation 

R009 On going 

The power electronics fails with 
severe consequences after 
commissioning, resulting in 
limited confidence in the 
device, so it is disconnected 
until all tests have been 
completed. 

A full set of quality tests to 
be completed before 
installation, with the design 
and operation meeting the 
UK Power Networks 
requirements helping to 
ensure full confidence in 
the equipment installed.  
Monitor defects and issue 
reports supplied by PED 
manufacture for existing 
installs. 

Testing for Method 2 and 3 at 
PNDC and for Method 1 at 
Nelson Street is complete.  
 
Elements around power 
transfer have been evidenced 
on test networks and risks 
around power transfer 
capability are low. 
 
 

R011 On going 

The PED does not perform to 
specification, so not all benefits 
are realised. 

Regular design meetings 
and reports. Key 
stakeholder engagement to 
ensure specification can 
comply with UK Power 
Networks design policies 
and procedures. 

Critical design for all methods 
has been approved by the 
project’s design authority. 
 

R021 On going 

The network configuration 
changes, preventing full 
benefits of power electronics 
not being demonstrated. 

Ensure trial sites are 
selected in accordance with 
criteria. 

Workstream 4 lead has 
checked any active referrals 
on FUN-LV substations. 
Distribution Planning team are 
applying dummy referrals for 
all substations relating FUN-
LV trials, to notify planners 
and connection designers. 
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Ref 
No 

RAG 
Status 

Risk and Impact Description  Mitigating Actions Update 

Other 

 R032 On going 

There is a risk that the learning 
is not disseminated effectively 
to all stakeholders because 
different parties will have 
different interests and learning 
styles. This risk leads to some 
of the learning being lost.  

Ensure Dissemination 
workstream engages with 
technical project leads early 
on in project.  Ensure 
learning from other LCNF 
projects relating to 
dissemination is included. 

The Knowledge 
Dissemination Roadmap has 
been developed. It is a living 
document and will be used as 
the basis for engaging all 
FUN-LV stakeholders. 
 

R065 On going 

Staff, materials and other costs 
are not booked correctly to trial 
site service orders. This may 
result in a lack of 
understanding around method 
costs for sites and a 
misrepresentative site by site 
CBA. 

Held meeting with partners 
trying to address some of 
the challenges in Methods 2 
and 3 Test Systems 
availability. 

Strategy of exporting service 
order bookings from SAP has 
been devised. Regular 
exports for service order 
bookings is being conducted 
to monitor this. 
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4.2 Risks raised in the last reporting period 

Ref 
No 

RAG 
Status 

Risk and Impact Description  Mitigating Actions Update 

R081 On going 

There is a risk that the 
modification work being carried 
out on the 2T-PED by TPS 
would not resolve the thermal 
issue completely.  

UK Power Networks to 
review the thermal 
requirements for the 2T-
PED and request that TPS 
prove that this requirement 
has been met. TPS and UK 
Power Networks to monitor 
temperature of the 
equipment when the PED 
has been electrically 
connected and running for 
more than 8 hours. 
Alternatively, the PED's 
algorithm can be used to 
control the thermal issue 
but this should only be seen 
as a temporary fix. 

A thermal assessment 
operating the 2T-PED 
continuously at 150kW was 
carried out.  The temperature 
of external panels remained 
below 44°C.   
 
Until more information is 
known this will be the units 
maximum rating. 

R83 On going 

The trial data period is being 
reduced due to delays in 
Method 1 and SOP 
commissioning.  There is a risk 
that this will impact the trials 
analysis. 

Work with TPS and Imperial 
College to resolve SOP 
tripping issues ASAP.  
Monitor commissioning of 
sites and gather base case 
and trials data as soon as 
possible. 

Monitor when sites become 
operational (following 
software upgrade).  Gather 
base-case data now and trial 
data as soon as it becomes 
available.  

R085 On going 

It was necessary to partially de-
scope CBA contractor 
involvement and do remaining 
works with an internal resource. 
This may impact by 
constraining workstream 4 
resources, dependencies and 
continuity and quality of the 
project Business Case. 

Trial data analysis de-
scope work can either be 
conducted by UK Power 
Networks’ Innovation or 
Connections teams 
 
SDRC 9.6 report collation 
and Method Selection Tool 
can be potentially added to 
contract as variation order. 

Further discussions with 
workstream 4 contractor to 
support additional work 
delivery. Ensure that internal 
resources can be efficiently 
trained on use of workstream 
4 tools. 

R088 Closed 

The internal resources 
arranged from within UK Power 
Networks might hit the finances 
of the project. 

The resources are 
necessary to undertake the 
respective work required for 
activities like UAT, Qlikview 
development, etc. 

The resources are being used 
and budgets monitored.  The 
project is expected to remain 
on budget, including 
contingency 

R089 On going 

Susceptibility to major voltage 
excursions and failure to restart 

The unit that rode through 
the event had voltage 
support enabled. 
Try to clear the lock-out 
remotely and restart the 
PED 

Sometimes the HMI is 
required to be used locally to 
restart the PED.  TPS looking 
at their alarm handling to 
allow a reset if network 
conditions return to normal for 
30 minutes. 
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Ref 
No 

RAG 
Status 

Risk and Impact Description  Mitigating Actions Update 

R090 On going 

Noise and customer complaints 
from customers close to M2 
PEDs.  

Limit the number of hours 
that the PED is on 

Operate the PED for short 
periods at different times of 
the day and not at night.  
Noted also relevant to some 
M3 sites, ventilation silencing 
designs being investigated 

 

4.3 Risks raised in the current reporting period 

 
Ref 
No 

RAG 
Status 

Risk and Impact Description  Mitigating Actions Update 

R092 On track 

Not capturing intervention data 
over course of a full year 
means it is quite possible we 
may miss the peak days of 
demand. This potentially 
undermines the reputation of 
the project trials and the 
business case. 

All is being done to push 
forward the operation of 
intervention capabilities. In 
the event that peak days are 
not demonstrated as part of 
the trial itself an assumption 
will be made based on 
device performance on 
other days of the year. 

The trials plan keeps track of 
the state of each trial 
scheme.  Data stored in PI 
and iHost is checked 
regularly for validity. 

R093 Closed 

Time taken to get iHost/PI data 
for Differentia is (1) delaying 
the development of the tool, 
and (2) poses risk that data 
access and volume issues 
cannot be identified.  Impact of 
timing of visualisation tool 
being available and delivery of 
tool. 

Nortech PO is now in place, 
so this has unlocked 
Nortech to provide iHost 
data extraction.  Trying to 
put Differentia in touch with 
relevant UK Power 
Networks personnel for PI 
data.   

Differentia is now able to 
access the PI and iHost data 

R094 Closed 

Identifying and addressing data 
validation issues (e.g. static 
data in PI, incorrect feeder data 
for SOP scheme) is impacting 
workstream 3 analysis for case 
studies. 

Highlight issues identified to 
UK Power Networks ASAP.  
UK Power Networks to 
conduct data validation 
exercise and action issues 
identified. 

Data has been checked.  As 
new issues are identified they 
are resolved. 

R095 On track 

Acquiring accurate load growth 
forecast data to secondary 
substation level dependent on 
detailed data sets not 
consistently available.  

Assumptions around future 
load growth profiles were 
implemented to produce 
representative scenarios. 

Generic load growth 
forecasts are being used. 

R096 On track 

Inconsistent equipment 
operations leading to delay of 
early trial sample data and 
hence refinement of CBA 
template. 

Manage delays Trial data analysis is being 
passed on swiftly as data 
comes in, this is being quickly 
shared with contractors 
Baringa. 

R097 On track 

Considered uncertainty with 
future costs predictions relating 
to technical developments in 
equipment for dual and multi-
terminal devices. 

Caveats to be placed as 
part of sensitivity studies in 
CBA assessment. 

Assumptions identified and 
included in CBA by 
workstream  4 
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Ref 
No 

RAG 
Status 

Risk and Impact Description  Mitigating Actions Update 

R098 On track 

Difficulty in establishing 
common rules for trial benefit 
quantification due to complexity 
of observations from trial 
analysis. 

General guidelines to be 
produced following benefit 
case studies. 

Benefit case studies are 
being developed for inclusion 
in SDRC 9.5 

R099 On track 

Lack of sufficient escalated 
alerts from PEDs and Method 1 
equipment on faults or lockouts 
resulting in slow response  

Discussions to be had with 
LV control who have a 
proactive view and fault 
response to these activities. 

Alarms regularly monitored 
by project team 
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5  Successful Delivery Reward Criteria 
 
SDRC Criteria Evidence Progress Date: 
9.1 Successful 

completion of 
design and 
planning for power 
electronics 

• Published guidance document 
on planning considerations for 
selecting, designing and 
installing power electronics 
devices using the traditional 
planning systems and 
approaches currently used by 
UK Power Networks;  

• Identification of key learning 
and planning considerations 
necessary to demonstrate the 
benefits of power electronics 
devices and shared through 
the project website; and 

• A list of identified substations, 
selection criteria and expected 
benefits. 

SDRC was successfully 
achieved with guidance 
documents submitted along with 
the formal report.   
 
 
 
 
 

Completed on time 

9.2 Successful and 
safe installation, 
commissioning 
and operation of 
LV switches and 
circuit breakers on 
LV networks 
 

• LV switches and circuit 
breaker device approvals for 
application on UK Power 
Networks’ LV networks; 

• Published guidance document 
on the safe and appropriate 
installation of LV switches and 
circuit breaker devices; 

• LV switches and circuit 
breakers electrically 
connected to LV networks; 

• Automated reconfiguration of 
radial networks is 
demonstrated; 

• Remote and automated 
switching between 
interconnected substations is 
demonstrated; and 

• Demonstration of other 
available modes of operation, 
where relevant. 

SDRC was successfully 
achieved with six associated 
appendices along with the 
formal report.   
 

Completed on time  
 

9.3 Integration of IT 
systems to 
facilitate the 
planning and 
operation of LV 
networks  
 

• A description of  FUN-LV’s IT 
architecture including the 
interfaces between control 
systems, geospatial 
databases and planning and 
visualisation tools that enable 
planning and operation of a 
flexible LV network; 

• A report describing how 
increased levels of awareness 
have improved planning 
processes and network 
operations; 

• Models of power electronics 
devices to allow benefits to be 
determined; 

• Data transfer between the 
power electronics devices and 
the data historian; and 

SDRC was successfully 
achieved with two appendices 
submitted along with the formal 
report.   

Completed on time 
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SDRC Criteria Evidence Progress Date: 
• Data transfer between UK 

Power Networks systems and 
DPlan to build network 
models. 

•  
9.4 Successful and 

safe installation, 
commissioning 
and operation of 
power electronics 
devices in London 
and Brighton. 
 

• Dual and multi-terminal power 
electronics device approvals 
for application on UK Power 
Networks’ LV network; 

• Guidance document on the 
safe and appropriate 
installation of dual and multi-
terminal power electronics 
devices on the LV network, 
which will be shared as 
learning; 

• Dual and multi-terminal power 
electronics device installed on 
a test network to demonstrate 
functionality in a controlled 
environment; 

• Dual and multi-terminal power 
electronics device electrically 
connected to the LV network; 

• Autonomous power transfer 
between connected 
substations is demonstrated; 

• Power electronics device 
performance and reliability 
data; 

• Distribution network 
monitoring data; and 

• Additional LV monitoring data 
installed for the purpose of the 
trials. 

SDRC was successfully 
achieved with eight associated 
appendices submitted along with 
the formal report.   

Completed on 30 
September 2015. 

9.5 Successful 
demonstrations of 
enhanced modes 
of operation of 
power electronics 
devices 

• Documentation of various 
enhanced modes of operation 
of power electronics devices; 
with comparisons of early 
modes of operation with those 
proposed by Imperial College; 

• Provision of the required 
inputs for the CBA to the 
workstream 4 contractor; 

• Provision of demand profiles 
and other measured 
analogues to the workstream 
4 contractor; and 

• A report detailing how power 
electronics actively manages 
fault current, delivers voltage 
control and indications of 
device losses under 
operational conditions. 

On track  By 31 July 2016 

9.6 Full evaluation of 
the benefits 
realised by power 
electronics 
devices on the LV 
network. 

• Completion of Dissemination 
of learning for the operation of 
power electronics devices on 
LV network architectures and 
for network performance; 

• Completion of CBA fully 

On track By 31 December 2016 
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SDRC Criteria Evidence Progress Date: 
 
 
 
 
 

quantifying the benefits for 
various scenarios and types of 
customer (case studies).  The 
case studies will be based on 
site specific examples and 
operational data available 
during the trials.  The 
business as usual approach 
will be compared with the 
FUN-LV methods; 

• Report including cost of 
installation and operation of 
power electronics devices on 
the network; 

• Demonstration of the benefits 
realised (financial and non-
financial) and the capacity 
released. Multiple benefits will 
be evaluated for each case 
study; a primary benefit (i.e. 
the driver for the method 
deployment) and secondary 
benefits;   

• Assessment of the CBA; and 
• Analysis of Power electronics 

device performance and 
reliability data.  
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6 Learning Outcomes 
 

6.1 Summary of key learning 

Within this fifth reporting period the project has been preparing the case studies required for SDRC 9.5 which will be 
published in July 2016. 
 
In addition to the SDRC 9.5 the project has captured the following learning: 

• 2T-PED Door Lock Security Review – a document evaluating design of security features on dual-terminal 
devices; 

• FUN-LV Visualisation of Field Trials Detailed Specification – a document detailing the specification for build of 
Visualisation Tool for use in trial data analysis; 

• Benefit Case Studies – a suite of documents showcasing trial results; 

• Benefit Measurement – a presentation demonstrating method effects, benefit identification, classification and 
measurement; 

• Method 2 Dual-terminal Final Design documents;  

• Method 3 Multi-terminal Final Design documents; 

• Enhanced Modes of Operation Report – a document detailing how power electronics actively manages fault 
current, delivers voltage control and indications of device losses under operational conditions; 

• Fault Current and Voltage Control Report – a document demonstrating the enhanced modes of operation of the 
algorithm used in the FUN-LV trials; and 

• DPlan Training Program – a document outlining content of training programme for UK Power Networks’ staff. 

6.2 Approach to capturing the learning and disseminating 

The project has reviewed the lessons learnt from UK Power Networks Tier 2 projects and identified the need to capture 
learning as soon as it occurs. To facilitate this requirement the workstream leads capture lessons learnt as part of the 
weekly reporting and this is then stored centrally in the project’s lessons log. The learning captured will then be 
evaluated and using the project’s knowledge dissemination roadmap, along with stakeholder analysis, identify the 
target audience for the learning and the best method of ensuring the learning is well publicised. 

6.3 External dissemination activities 

External dissemination activities were described in section 2.5. 

6.4 Internal dissemination activities 

Familiarisation training of operational staff and Distribution Planners has taken place.  Should a LV fault occur 
operational staff should be able to restore customers’ supplies with the assistance of LV Control with the minimum 
amount of delay. 
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