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COPYRIGHT NOTICE 

Diagrams in this document and appendices from our London Power Networks licensed area are 

reproduced by permission of Ordnance Survey on behalf of HMSO. © Crown copyright and database 

right 2014. All rights reserved. Ordnance Survey Licence number 100019826. Data has been added to 

the Ordnance Survey base map; all proprietary rights in such additional data are and shall remain the 

exclusive property of © London Power Networks plc or Eastern Power Networks plc or South Eastern 

Power Networks plc each being a distribution licensee under section 6(1)(c) of the Electricity Act 1989 

for the relevant distribution services area as that term is defined in such licensee’s distribution licence. 

All rights in such data reserved. 

Diagrams in this document and appendices from our South Eastern Power Networks licensed area are 

reproduced by permission of Ordnance Survey on behalf of HMSO. © Crown copyright and database 

right 2014. All rights reserved. Ordnance Survey Licence number 100019450. Data has been added to 

the Ordnance Survey base map; all proprietary rights in such additional data are and shall remain the 

exclusive property of © South Eastern Power Networks plc or London Power Networks plc each being 

a distribution licensee under section 6(1)(c) of the Electricity Act 1989 for the relevant distribution 

services area as that term is defined in such licensee’s distribution licence. All rights in such data 

reserved. 

 

LEGAL NOTE  

1. UK Power Networks does not warrant that the information provided to you is correct. You rely upon 

it at your own risk. 

2. UK Power Networks does not exclude or limit its liability if it causes the death of any person or 

causes personal injury to a person where such death or personal injury is caused by its negligence.   

3. Subject to paragraph 2 UK Power Networks has no liability to you in contract, in tort (including 

negligence), for breach of statutory duty or otherwise for any loss, damage, cost, claims, demands, or 

expenses that you or any third party may suffer or incur as a result of using the information provided 

whether for physical damage to property or for any economic loss (including without limitation loss of 

profit, loss of opportunity, loss of savings, loss of goodwill, loss of business, loss of use) or any special 

or consequential loss or damage whatsoever.   

4. This plan has been provided to you on the basis of the terms of use set out in the covering letter 

that accompanies this plan. If you do not accept and/or do not understand the terms of use set out in 

the covering letter you must not use the plan and you must return it to the sender of the letter. 

5. You are responsible for the security of the information provided to you. It must not be given, sold or 

made available upon payment of a fee to a third party.  
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Executive Summary 
 

The overarching aim of the Flexible Urban Networks at Low Voltage (FUN-LV) project is to explore the 

use of power electronics to enable deferral of reinforcement and facilitate the connection of low carbon 

technologies and distributed generation in urban areas. This is achieved by meshing existing networks 

which are not currently meshed, and by removing boundaries within existing meshed networks. 

The FUN-LV project has progressed through the development phase of the IT design to obtaining 

internal governance approval and deploying the IT systems within UK Power Networks. This has 

enabled the remote monitoring, control and operation of all the equipment being trialled as part of the 

FUN-LV project. Real time visibility of the equipment has been provided as a result of the 

developments made to the existing Distribution Management System PowerOn Fusion. The behaviour 

of the power electronics equipment can be modelled in radial and meshed networks using functionality 

provide by the implementation and development of DPlan modelling software. 

All of the systems discussed in this report have completed a number of stages of testing and approval 

before being deployed on to the UK Power Networks IT production systems. 

This report details the necessary and sufficient evidence to complete Successful Delivery Reward 

Criteria (SDRC) 9.3 “Integration of IT systems to facilitate the planning and operation of LV networks”. 

In this report, the terms Power Electronics Device (PED) and Soft Open Point (SOP) are used 

interchangeably. Table 1 illustrates on a high level how the SDRC 9.3 criteria are met in this report 

and its appendices. 
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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  

 Section 2 of this report 

 Appendix A – Logical Architecture Design 

A report describing how increased levels of 

awareness have improved planning 

processes and network operations  

 Section 3 of this report 

 Appendix B – Increasing Network 

Awareness Report 

Models of power electronics devices to allow 

benefits to be determined  
 Section 4 of this report 

Data transfer between the power electronics 

devices and the data historian and 
 Section 5 of this report 

 Appendix A – Logical Architecture Design 

Data transfer between UK Power Networks 

systems and DPlan to build network models  
 Section 6 of this report 

 Appendix A – Logical Architecture Design 

Table 1: SDRC 9.3 Matrix of Evidence
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1. Introduction 

1.1 Background 

Efforts to decarbonise electricity generation, heat and transport will place increasing demands on 

electricity distribution networks, particularly so for the low voltage (LV) networks closest to our 

customers, where Distribution Network Operators (DNOs) have the obligation of supplying customers 

within tightly defined voltage limits, which their devices have been designed to expect, and at a 

sufficient quality (including harmonics, sags, swells and flicker). 

 

Interconnected networks, as suggested in Ofgem’s Transform model, offer one potential solution to 

this challenge. In interconnected networks, also referred to as meshed networks, customers are 

supplied via two or more different routes through the LV network, with the result that their demand is 

shared across these substations. This can reduce loading on transformers, suppress voltage 

fluctuations, reduce losses, and increase resilience to high voltage (HV) network faults.  UK Power 

Networks has run some parts of its networks meshed for many years, although in urban and central 

business districts there is potential for further meshing, both in UK Power Networks’ licence areas and 

other DNOs’ licence areas. 

 

The overarching aim of the FUN-LV project is to explore the use of power electronics to enable 

deferral of reinforcement and facilitate the connection of low carbon technologies and distributed 

generation in urban areas, by meshing existing networks which are not meshed, and by removing 

boundaries that prevent further meshing within existing meshed networks.   

 

The FUN-LV trials demonstrate three different methods of meshing networks with increasing levels of 

capacity sharing functionality: 

 Method 1 consists of remote control LV equipment, including Circuit Breakers (CB) and Link Box 

Switches (LBS), which join substations together and provide uncontrolled levels of current flow 

between the substations. The LBS replaces a solid link in the link box, whilst CB replace fuses on 

LV distribution boards.  The Method 1 equipment was developed by TE Connectivity and supplied 

under licence by EA Technology Ltd.   

 Method 2 is a dual-terminal power electronics device consisting two inverters that have a common 

Direct Current (DC) busbar. The inverters are controlled by an autonomous control algorithm that 

uses measurements taken from remote ends of the circuits connecting the unit to the distribution 

network to determine the level of power flow required across the DC busbar, which is dependent 

on the control mode selected. The unit has been designed as a piece of street furniture and has a 

maximum sharing capacity of 240kVA. The unit was developed by Turbo Power Systems (TPS) 

with the autonomous control algorithm being developed by project partner Imperial College 

London. 

 Method 3 is a multi-terminal version of the method 2 equipment, consisting of three inverters that 

share a busbar, which is designed to be installed within a substation and has a larger sharing 

capacity of 400kVA.  

 

The two main IT systems that have been introduced are PowerOn Fusion and DPlan. In the PowerOn 

Fusion application a distribution power flow analysis component called DPF has been enhanced to 

allow control engineers to analyse what happened when an alarm or event took place. They are also 

able to carry out “what if” analysis using forecasted or historic profiles. 

 

DPlan has been designed for distribution planners to study reinforcement scenarios which include the 

FUN-LV methods. With this tool, different network configurations can be studied. These studies would 

be in greater detail than those carried out by the control engineer using DPF. 



FUN-LV SDRC 9.3 

 

  

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 8 of 38 

1.2 Report Scope and Objectives 

This report details the necessary and sufficient evidence to complete SDRC 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 

 Data transfer between UK Power Networks systems and DPlan to build network models.  

The target audience for this report is Ofgem and DNOs seeking to understand the enhanced IT 

systems necessary to manage the FUN-LV equipment installed on the LV network to provide capacity 

sharing.  

 

For details and further information on the equipment being trialled, please refer to the following 

reports: 

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

on LV networks (SDRC 9.2) 

 Successful and safe installation, commissioning and operation of power electronics devices in 

London and Brighton (SDRC 9.4) 

This report, and the aforementioned reports for SDRCs 9.2 and 9.4, are publically available for sharing 

with wider stakeholders across the power industry and have been published on the UK Power 

Networks innovation website.   

 

 

 

 

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Urban-Networks-Low-Voltage/
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Urban-Networks-Low-Voltage/
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2. FUN-LV IT architecture  
 

This section of the report contains 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. This includes an overview of the requirements that 

drove the IT architecture, along with the Technical SCADA architectures that support these 

requirements. The final sub-section (section 2.4) provides details and outcomes of the internal review 

and approval of the IT architecture, including key elements of the system architecture that were driven 

by UK Power Networks Information Systems (IS) policy. 

 

It should be noted that all information and description contained within this section is limited to the 

integration of the power electronics equipment only. Detailed information on the internal architecture of 

the equipment is only provided for clarity as required. Due to the sensitive nature of the information, 

more detailed information is contained within Appendix A, which is available on request.  

 

The system architecture deployed to enable the real-time operation of the system, which includes both 

the functional requirements and those required for Network Control, have been described in section 

2.2. 

 

The system architecture deployed to satisfy Distribution planning requirements is described in section 

2.3 

 

2.1 Requirements 

The requirements of each solution can be considered in terms of those necessary for the individual 

system to operate, herein referred to as system requirements, and those necessary for users to 

interact with the units in some way, either from an operating and maintenance perspective, or from a 

design perspective, herein referred to as user requirements. The system and user requirements have 

been summarised in sections 2.1.1 and 2.1.2 respectively. 

 

2.1.1 System requirements  

For the CB and the LBS, measurement information required to enable them to operate automatically is 

taken locally by the devices themselves. The devices can also be controlled remotely and provide 

various analogue and digital status information.  

 

For the dual and multi-terminal power electronics devices, the functional requirements are more 

comprehensive as the system is not stand alone. Instead, measurement data, required to support the 

automated nature of the device, is taken from measurement equipment installed at substations at the 

remote ends of the feeder circuits connecting the devices to the network. This information includes 

voltage and current measurements from feeder circuits and the transformers that support these feeder 

circuits. There is a further requirement to ensure that the measurement data provided is the latest 

value. 

 

Furthermore, all devices can also be controlled remotely and provide various analogue and digital 

status information.  

 

2.1.2 User requirements 

The two business areas targeted with the introduction of the equipment into their activities are Network 

Control and Distribution Planning;  
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Network Control 

Network Control is responsible for supporting the operation, maintenance and control of the 

distribution networks. From an IT perspective, the LV network is currently supported by GE’s PowerOn 

GeoView, herein referred to as “PowerOn GeoView”.  

 

Due to the automated nature of the devices, which could alter the running arrangement of the network 

in real-time, there is a requirement for analogue and digital status information to be relayed to the 

control engineer. There are also benefits in providing remote control of the circuit breakers and link 

box switches to improve, among other things, switching operations on the network.  

 

Distribution Planning 

The use of network modelling tools is widespread throughout UK Power Networks. They are used to 

support a number of different activities including: infrastructure planning, distribution planning, 

substation planning, outage planning, network operation & control, network standards & regulatory 

reporting, income management & connections. The distribution planner uses such tools to assist with: 

 

 Long term network planning and growth planning on HV & LV networks; 

 Technical feasibility and point of connection identification for new connection requests; 

 Technical customer services, e.g. complaints on power quality; and 

 Protection device optimisation and circuit optimisation. 
 

As an overview of this process, the Distribution Planner will initiate the network modelling activity as a 

result of an external connection request from a prospective customer or an internally initiated request, 

for example in response to reported supply problems in a specific area of the network. The Planner 

will then enter an iterative process of Model Network/Make Network Modification where they model the 

area of network under investigation and make changes to the network in order to accommodate the 

request, or to reinforce it to support the connection request. Once the Planner is satisfied with the 

changes and the network does not have any constraints, then the changes to network can be 

progressed to the next phase where the connection offer, with costs, is sent to customer, where it is 

either accepted or rejected, and the network improvement request is sent to the Network Operations 

business unit for assessment.  
 

2.2 Real time operation 

PowerOn GeoView provides a geographic view of the distribution network, including GIS information, 

although this system does not support remote control of the distribution network or the ability to 

receive analogue and digital status information from SCADA equipment. As such, it was necessary to 

integrate the FUN-LV system into GE’s Distribution Management System (DMS) PowerOn Fusion, 

which UK Power Networks currently use to manage their distribution networks at 11kV and above.  

 

This included the creation of a three-phase LV network, along with device templates, that enable 

repetitive integration of the devices, and associated symbols and alarms into PowerOn Fusion. They 

enable the Control Engineers to monitor and operate the equipment as required. Further details on 

these templates were provided in SDRC 9.2 and 9.4.  

 

The technical architecture that supports the real-time operation of the system is described in Figure 1: 

FUN-LV Technical Architecture. The details of this diagram is further explained in section 6 of 

Appendix A. 
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Figure 1: FUN-LV Technical Architecture 
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2.2.1 Major Technology Components 

A summary of the major technology components associated with the real time operation of the 

devices, including a brief description of each, is contained within Table 2: Major Technology 

Components. 

 

Technology 
Component (Version) 

Supplier Explanatory Notes  

Dual and Multi-
terminal PED  

Turbo Power 
Systems 

Dual and multi-terminal PEDs are deployed at various sites on 
the LV network.  

LV Monitoring GMC i-Prosys Provides the LV monitoring so the PED has visibility of the 
connecting LV network. This includes the voltage and current 
measurement of the total transformer demand and the feeder 
circuits. The data is relayed from the LV monitoring to the PED 
via iHost.   

iHost Nortech Orchestrates the SCADA communications between the different 
components i.e. power electronics devices and PowerOn) the low 
voltage monitors in a single scheme. iHost also provides data 
archiving facilities a source of historic data for post event analysis 

Power-On Fusion 
DMS  

GE Distribution management system that enables the control 
engineer to interact with the FUN-LV equipment deployed at 
various sites.  

PI OSI Soft Data historian; responsible for capturing the network performance 
during the trials. 

SCM Server  UK Power 
Networks 

Software configuration management server provides the interface 
for controlling updates to the PEDs. A DNP3 trigger is used to 
signal that a software update is required, and also inform the 
PEDs of the current software version to use and also report back 
software updates etc. 

Table 2: Major Technology Components 

 

2.3 Distribution Planning  

For the context of the project, network planning and growth planning on the LV networks are 

particularly relevant. With the introduction of new assets, the Distribution Planner requires the network 

planning tools to accurately model the network, and all the associated assets on that network, in order 

to make an assessment on any prospective network changes. At the design stage of this project, the 

options available for modelling meshed networks were limited and UK Power Networks did not have a 

suitable software solution in use.  

 

As such, a new software solution was required to provide this functionality. Furthermore, the new 

solutions trailed would need to be suitably integrated within the solution. An explanation of this 

process is contained within Section 4. The focus of this section is with the integration of the DPlan 

solution.  
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DPlan is a geographic based integrated analysis and optimisation system for distribution networks 

used for expansion planning, operations planning, emergency planning and system restoration. The 

tool allows the allocation of load to the clients by inputting measurements at arbitrary feeder locations. 

Each input can be set as independent or as dependent on other upstream measurement inputs. It 

allows year-by-year definition of polygonal area load growth and simulates the network evolution year-

by-year. These facilities will be enhanced so that they integrate with the load profile generated by the 

measurements calculator.  

 

The distribution planning architecture is split into two: planning & analysis tools and data provision. 

The planning & analysis tools are those required to carry out the network planning activities 

throughout the project, whilst the data provision components are only used during the data preparation 

phase of the project. The data provision components are required as there is no single source of 

network model data that can be used to serve the project, and these components have been 

developed to serve both the planning & analysis tools for distribution planning and the for the DMS  

(PowerOn Fusion). These two sections are illustrated in Figure 2 
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Figure 2: Technical Architecture 

 

 

2.3.1 Major Technology Components 

A summary of the major technology components associated with the planning elements of the 

devices, including a brief description of each, is contained within Table 3: Major Technology 

Components 

 

Technology Component 
(Version) 

Supplier Explanatory Notes  

DPlan Client CGI Software solution hosted on UK Power Networks laptops or 
PCs. 

DPlan Data Server 
(Production) 

CGI Hosts the network and power electronics data used to 
analyse the PED performance  

DPlan Data Server (Test) CGI Test environment for approving all enhancements prior to 
loading on the production systems. 

PowerOn Fusion (POF) 
Core Server  

GE Hosts the PowerOn Fusion system 
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Technology Component 
(Version) 

Supplier Explanatory Notes  

PowerOn Fusion FEP 
Server 

GE Provides the SCADA connectivity between the power 
electronics and the POF 

NETMAP GE Used as the source of SPN topology data;  

Strumap UK 
Power 

Networks 

Provides network-to-premise connectivity within the LPN 
topology data. 

Magik CGI Magik extracts the SPN Netmap data into a format suitable 
for DPlan 

MAVIS UK 
Power 

Networks 

UK Power Networks’ core income management system; 
provides Meter Point Administration Number (MPAN) data to 
DPlan. 

PI  OSI soft Data Historian; provides network data to DPlan. Each 
network analogue value is allocated to a PI tag in PI time 
series database. 

Table 3: Major Technology Components 

 

 

2.4 Architecture Review Board Approval             

The purpose of the Architecture Review Board (ARB) within UK Power Networks is to ensure that all 

IT Solution designs are: 

 Strategically aligned; 

 Avoid high costs of development, operation and support; 

 Are of sufficient quality; 

 Minimise risks; and 

 Demonstrate re-use and replication of existing solutions where appropriate. 

 

In the context of the FUN-LV project the role of the ARB was to review the IT solution design and 

provide the architectural assurance and guidance to the project.  

 

The FUN-LV Logical Architecture was presented at meeting ARB-050 held on 17 December 2014, and 

the outcome of the meeting was: 

 SCADA communication across the SCADA network should, wherever possible, use the DNP3 

communication protocol, which is used as standard for UK Power Networks SCADA 

equipment at 11kV and below.   

 Business critical data should be stored in the existing data archiving system – OSISoft’s PI. 

 The management and control of all equipment must be undertaken through PowerOn Fusion. 

 Consideration should be given to the number of business critical PI tags identified, which is in 

the region of 2,500 additional tags to be included in OSISoft PI. This may have cost 

implications. The volumes going into PI need to be considered against other statistical 

information – there is a need to take a more strategic view on the potential growth of PI and its 

validity as our strategic tool. 
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 There are issues with how to integrate this capability with PowerOn Fusion. Whilst the 

development system can mitigate the risk to establish this, there is a risk of possible conflicts 

with other PowerOn Fusion developments (virtualisation, IP enablement of SCADA, etc.) 

 Impact of loading on the network, resulting from the requirement for frequent measurement 

information to be communicated to the PEDs, has been validated (poll rate once per minute) 

 The SCADA is behind the firewall as standard. This could require static IPs for named users 

who need to access resources in that area (e.g. data modelling), or else use virtual desktop to 

provide this facility. This needs to be explored further. 

 The recommendation was to approve with a waiver that tactical product use is for the duration 

of the pilot only (expected to run until 2016). 

 

After the initial ARB, a subsequent design assurance meeting was held in response to a major design 

change in the FUN-LV architecture. The architecture was redesigned to include the iHost component, 

which was used as an alternative solution for orchestrating the DNP3 communications between the LV 

monitors and the dual and multi-terminal power electronics devices. The iHost solution also provides 

additional data storage for non-business critical data, which will decrease the burden on PI. This 

design assurance meeting ratified the use of iHost with the FUN-LV architecture. The final design 

accommodated all the requirements identified from the ARB.                 
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3. Improved Planning Process and Network Operations 
 

The network monitoring analogue data is displayed on the PowerOn Fusion control system and stored 

in a data historian PI.  This data can be extracted and studied in DPlan. 

Enhancements to PowerOn and DPlan have been made available to Distribution Planners and Control 

Engineers enabling real-time visibility and control along with modelling capability 

A detailed Increased Levels of Network Awareness report can be found at Appendix B.  This report 

describes and illustrates how the enhanced systems provided by our project partners have changed 

the level of awareness have improved planning processes and network operations.  The report 

focusses on the enhancements made to PowerOn and the associated load flow software (DPF or 

Distribution Power Flow).  The enhancements made to DPlan for the project are described in the next 

section of this report.   

Real time data is collected and viewed by Control Engineers and stored in the data historian for future 

analysis by Distribution Planners to assess whether the installed FUN-LV equipment is behaving as 

expected. 

Opportunities have been taken to use a common symbol convention across all the FUN-LV schemes 

reducing the need to manage two different symbol sets. 

Merging a number of existing data sets into DPlan and PowerOn Fusion highlighted a number of 

inconsistencies with the quality of data as it is currently stored. The project is writing a data quality 

report identifying the issues found and proposed future recommendations to improve the overall data 

quality. This report will be available on request from January 2016.   
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4. Models of Power Electronics Devices 
 

One of the elements of the FUN-LV project is the development of a load flow modelling tool, DPlan, to 

allow the FUN-LV methods to be studied.  This section of the report summarises the work in this area. 

 

4.1 Model specifications for Method 1 devices and PEDs 

In order for our project partner CGI and their supplier Ambertree to develop models of the Method 1 

devices and PEDs in DPlan, interaction was required between:  

 

 UK Power Networks in providing the network data and candidate locations. 

 The equipment suppliers – EA Technology Ltd and TPS,  

 Project partners:  

o CGI/Ambertree who made the enhancements to DPlan 

o Imperial College London who developed the PED control algorithm 

o Ricardo Energy & Environment (previously PPA Energy) who supported the development 

by  providing specifications to and reviewing the models produced by Ambertree. 

4.1.1 Specification for Method 1 device models 

EA Technology Ltd provided a specification for the Method 1 LBS and remote control CB.  Method 1 

involves individual phase remote controlled circuit breaker (RCCBs) being installed on one or more LV 

board ways in the place of fuses to control LV circuits that interconnect with one or more other 

substations, in some cases via link boxes with remote controlled switches which enable the 

substations to be meshed together. 

 

In the development phase of the project, it was identified that there could be reverse power flow issues 

under certain HV or LV fault scenarios. To address these, a Directional Power and Fast Set 

overcurrent (DPFS) relay has been installed to monitor the transformer currents and voltages and 

provide a single External Trip Indicator (ETI) signal to local circuit breakers that will open in the event 

of reverse power flow.  An updated specification on protection settings for the Method 1 equipment 

was required by CGI/Ambertree to update the model for DPlan. 
 

The single phase circuit breakers have been modelled in Dplan to allow fault level studies to be 

carried out to confirm the correct protection operations expected for faults on the HV or LV networks. 

 

For example, when an HV fault occurs on a simple interconnected network, the fault current may 

continue to flow from the LV network into the HV network via the transformer.  The models provide 

confirmation that the settings as shown in Error! Reference source not found. for the DPFS unit are 

correct for the size of transformer to provide the necessary external trip input. 

 

Dplan is also used to determine the inhibit zone of each set of circuit breakers where the fault level is 

in excess of the fault rating of the CB. In the event that the inhibit zones overlap decisions can be 

made as to the appropriateness of this method as fault clearance is now dependent on the operation 

of the inline fuses.  

 

4.1.2 Specification for SOP model 

One of the key differences between the PED devices and the DPlan model is the timeframe of 

operation; the PED is operating in real-time, whereas DPlan is a planning tool, which runs for a 24 

hour period at 15-minute intervals. Therefore the SOP model in DPlan is not required to make the real-

time decisions that the PED makes, but needs to come to the appropriate steady-state outcome. 
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The PED has different levels of control software; TPS has developed the software that controls the 

hardware, receives the analogue inputs, and sends information to iHost and PowerOn.  Imperial 

College has developed the PED control algorithm, which takes the input data and determines the set 

points for the PED.  It is the workings of the PED control algorithm that are of interest to 

CGI/Ambertree in creating the SOP model for DPlan.   

 

Some of the examples of the SOP support functions are listed below. 

 

4.1.2.1 Asset Guarding 

Asset guarding occurs when the SOP is exporting or importing power. The algorithm checks the 

currents in the transformer and feeder and checks the voltage at the terminals of the SOP to ensure 

that the SOP is not causing the assets to operate outside of their operating limit. If the asset current or 

SOP terminal voltage goes outside of the operating limit, then the SOP will reduce the power flow until 

the asset is operating within its limit. 

 
The SOP functions captured under asset guarding are as listed below: 

 

 Model asset guarding max transformer import per phase 

 Asset guarding max transformer export per phase 

 Asset guarding max feeder import per phase 

 Asset guarding max feeder export per phase 

 Asset guarding max SOP terminal voltage  

 (Requires more SOP algorithm parameters) for each phase 

 Asset guarding min SOP terminal voltage  

 (Requires more SOP algorithm Parameters) per phase 

 

4.1.2.2 Power Flow Management 

Power flow management operates when the transformer or feeder is heavily loaded. The SOP will act 

to reduce the transformer or feeder current.  The algorithm also has a function called transformer 

equalisation, which aims to balance the transformer loads according to the capacity of the 

transformers. 

 

The SOP functions captured under power flow management are as listed below: 

 

 Max active power transformer import could be current per phase 

 Max active power transformer export 

 Max active power feeder import 

 Max active power feeder export 

 Max lagging power factor transformer 

 Max leading power factor transformer 

 Max lagging power factor feeder 

 Max leading power factor feeder 

 

4.1.2.3  Voltage Management 

The voltage management is triggered when the voltage at the SOP terminal is greater than the voltage 

threshold setting. The SOP will import current and act as a load in order to reduce the voltage. For a 
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voltage which is less than the low voltage threshold setting, the SOP will export current in order to 

increase the voltage. 

 

The SOP functions captured under power flow management are as listed below 

 

 Max SOP terminal (positive sequence) voltage 

 Min SOP terminal (positive sequence) voltage 

 Max SOP terminal (negative sequence) voltage 

 Max SOP terminal (zero sequence) voltage 

 

 

4.2 DPlan Functionality 

This section describes the features of DPlan, in addition to the different support modes that can be 

modelled as described in Section 4.3. 

 

4.2.1 Multi-Terminal PED Configuration View 

This is the template for configuring a PED. Error! Reference source not found.Figure 3 shows a 

multi-terminal PED with the Port A configuration shown. The other ports (Port B and Port C – see red 

highlight) are configured under separate tabs shown. The configuration includes the parameters for 

voltage support, feeder active and reactive power support and transformer active and reactive power 

support. In addition configuration of negative and zero sequence conductance parameters and asset 

guard parameters are shown. The maximum power and reactive power configuration parameters are 

also shown. 

 

  
Figure 3: Multi -Terminal PED with Port Configuration 
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4.2.2 Multi-Terminal PED within substation view  

 

 
Figure 4: Multi-Terminal PED within substation view 

Figure 4 shows an example of a multi-terminal PED configured within a substation at Loughborough 

Road, Newark House. The PED (in the centre of the diagram and highlighted in the detailed box) is 

connected to three feeders from three separate substations. (feeders from each substation are given 

different colours). In addition the graph shows the power flow through each of the PED ports is shown 

throughout the day. 

 

4.2.3 Dual Terminal PED Configuration view 

 

 

 
Figure 5: Dual Terminal PED Configuration view 

 

Figure 5 shows the configuration of a dual terminal PED. This is similar to a multi-terminal PED 

configuration described earlier but only two tabs are shown (by the red highlight) namely Port A and 

Port B 
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4.2.4 Transfer through dual terminal PED View 

 

 
Figure 6: Transfer through Dual Terminal PED View 

 

The dual terminal PED in the centre of Figure 6 shows the power flow through the device as 

calculated using the model in DPlan 

4.2.5 Method 1 RCCB (Remote Controlled Circuit Breaker) Configuration View 

 

 
Figure 7: Method1 RCCB Configuration View 
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Figure 7 shows a Method 1 Remote Controlled Circuit Breaker (RCCB). The symbol used in the 

network diagram for the Method 1 device is a concatenation of a circuit breaker and a Fuse. The 

configuration dialogue box allows the selection of the protection curves for the circuit breaker and the 

fuse. 

 

4.2.6 Method 1 Link Box Configuration View 

 

 
Figure 8: Method1 Link Box Configuration View 

 

Figure 8 shows a Method 1 link box switch. The symbol used in the network diagram is a standard 

switch symbol. The configuration dialogue box allows the switch to be configured with the voltage 

threshold and the operating time. 

 

 

4.3 Modelling Network benefits in DPlan 

The FUN-LV project has deployed the network modelling tool DPlan, to assess the performance of the 
power electronics equipment currently being trialled in Brighton and London. The enhancements to 
DPlan enable UK Power Networks to evaluate the power electronics performance on both radial and 
interconnected networks.  

 

The following sections demonstrate how the power electronics equipment can be visualised and 

modelled within DPlan.   

 

4.3.1 Method 1 modelling in Dplan 

Models of the LV CB, LBS and DPFS protection have been developed within DPlan, which allow the 

user to run load flow and fault studies.  The models have been developed so that on-site configurable 

settings within each device can be changed in DPlan and the impacts of these changes can be 

analysed.  Figure 9 shows the configurable elements within the LV CB. This enables the user to study 

and assess over different timeframes: 

 

 Different installation configurations 

 Power transfers across the devices 
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 The degree of transformer equalisation taking place 

 Impact on other power quality measures 

 Impact on losses 

 Prospective short circuit current levels 

 Deferred asset reinforcement, by considering load growth 

 

  
Figure 9: Inserting a remote controlled CB in Dplan 

Figure 10 shows DPlan assessing the network highlighted in red on the impact of a fault, placed in the 
red rectangle, in one of the Method 1 trial areas 
 
 

 
Figure 10: Placing a fault to run a fault study 
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Figure 11 is a graphical representation of data extracted from DPlan following the completion of real 

power transfer studies. The purpose of this study was to assess the optimum network running 

arrangements for one of the Method 1 trial sites of a 24 hour period. 

              

 

Figure 11: A graphical representation of data exported from DPlan 
exploring total power transfer for different LV network configurations 

 

Figure 12, illustrates data extracted from DPlan to show the impact on load of two transformers 

selected for one of the method 1 trial locations. The graph on the left shows the normal transformer 

utilisation under existing running arrangements where you can see that transformer A has a higher 

utilisation than transformer B. The graph on the right shows the effect of interconnecting the network 

using Method 1 equipment, the capacity sharing is in proportion to the ratings of each transformer.  

 

Figure 12: A graphical representation of data exported from DPlan 
exploring Transformer loading with and without the FUN-LV M1 solution 

4.3.2 Method 2 and 3 Modelling in DPlan 

Models of the dual and multi-terminal PEDs have been developed within DPlan, and allow the user to 

run load flow and fault studies.  The PED model can be inserted into existing networks as seen in 

Figure 13 and the user can rearrange the network running arrangements as well as the parts of the 
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PED that can be configured on site. The user can then run network studies with the PEDs operating in 

the following modes: 

 

 Voltage support 

 Feeder support (real and/or reactive) 

 Transformer support (real and/or reactive) 

 All of the above modes combined 

 Transformer equalisation 

Each mode has configurable set, trip and reset thresholds, which are the values at which the PED 
algorithm will start or stop providing support on the LV network.  Other parameters can also be set, 
such as the power increment at the output of the PED, and the maximum power transfer. These 
settings are configurable via the PED dialogue box illustrated in Figure 14. Further examples of DPlan 
studies in the support modes listed above can be found in the following sections. 

 

 
Figure 13: Inserting a PED into a FUN-LV network 

 
 

 
Figure 14: The PED dialogue box 
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4.3.3 Voltage support mode 

The Figure 15 shows a simple piece of network in DPlan with a PED installed.  The PED is not 

switched on and, in the evening (from around 17:00) the voltage drops below the low voltage “trip” 

threshold (shown with a red dashed line).  Low voltages are indicated by red notes on the screen. 

 

Subsequently in Error! Reference source not found., the PED is switched on and is operating in 

voltage support mode.  When the voltage drops below the trip threshold, the PED operates and 

provides support such that the voltages are maintained above the threshold.  The PED continues to 

provide support for the rest of the day, as the voltage does not rise above the reset threshold (at which 

point support is no longer deemed to be required).    

 

 
Figure 15: A PED is installed but switched off – low voltages are 

experienced in the evening 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 16: PED transfer and new voltage profile 
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4.3.4 Feeder support (real power only) 

Figure 17 and  

Figure 18 demonstrate the impact of the PED modelled on a simple piece of network in DPlan.  In 

Figure 17 the PED is not switched on and, during the day and in the evening the feeder current goes 

above the “trip” threshold (red dashed line).  High feeder currents are indicated on the network 

diagram by red branches. 

 
In  

Figure 18, the PED is switched on and is operating in feeder support mode (real power only).  When 
the feeder current exceeds the trip threshold, the PED operates and provides support such that the 
feeder load is maintained below the threshold.  The PED continues to provide support for the rest of 
the day, but the support provided does ramp down towards the end of the day, as the feeder load 
decreases.    
 

 
Figure 17: A PED is installed but switched off – high feeder currents are 

seen in the evening (highlighted in red) 

 

 

 

Figure 18: PED transfer and new feeder load profile 

 

4.3.5 Transformer support (real power only) 

Figure 19 and Figure 20 demonstrate the PED providing transformer support. In Figure 19 the PED 

switched off and, in the middle of the day, the transformer load exceeds the “trip” threshold for 
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transformer support (red dashed line).  High transformer load is indicated on the network diagram by 

the red triangle. 

 

Figure 20 illustrates the alteration to the loading when the PED is switched on and is operating in 

transformer support mode (real power only).  It can be seen that, when the transformer load exceeds 

the trip threshold, the PED operates and provides support such that the transformer load is maintained 

below the threshold.  The PED only provides support during the middle of the day, as transformer load 

reduces later in the day past the reset threshold.    

 

 

 
Figure 19: PED is installed but switched off – high transformer load is 

seen in the middle of the day 

 

 
 

Figure 20: PED transfer and subsequent reduction in transformer 
demand 

4.3.6 General Enhancements 

As well as developing the device models for DPlan so that FUN-LV sites can be studied, other general 

enhancements have been made to DPlan for the project, including:  

 The option of map backgrounds to selected networks, example of maps background at different 

scales is presented in Figure 21; 

 Load allocation (a facility to adjust the estimated loads to match actual loads, if transformer data is 

available from RTU measurements); 

 Load scaling, to study forecast demand; 
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 The ability to identify radial embedded substations, which can be good candidate sites for FUN-LV 

solutions; and 

 The ability to see network boundaries by using filters, which is of interest when choosing between 

using a Method 1 solution or using PEDs. A network boundary exists where a normal open point 

straddles two sources of supply. Also, on the existing London interconnected networks the number 

of substations feeding that network is limited to three. More than three substations can cause 

excessive fault clearance times. 

 

 

 

 

Figure 21: Sample Map backgrounds at different scales on DPlan 

 

4.3.7 Benefits case studies 

DPlan will, among other things, be used to model the potential benefits of the FUN-LV sites, using 

transformer load data from RTUs for different types of day (e.g. weekday/weekend, summer/winter).  

A selection of sites will be studied, and the analysis is likely to include: 

 

 For Method 1: 

o Power transfers 

o Transformer equalisation 

o Deferred asset reinforcement (based on assumptions for load growth) 

o Impact on losses 

o Prospective short circuit current levels 
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o Voltage unbalance 

o Variation across seasons 

 For Methods 2 and 3: 

o Voltage support 

o Feeder and transformer support 

o Transformer equalisation 

These will be compared with field trials results.  The results of benefits studies will be made available 

in SDRC 9.6 “Full evaluation of the benefits realised by power electronics devices on the LV network”. 

 

 

5. Data Transfer between PED and Data Historian 
 

UK Power Networks uses a data historian to record and retain all the operational monitoring data 

gathered during the FUN-LV power electronics trials. The data is sourced from the power electronics 

and the supporting LV monitoring equipment in each trial area. The half hourly average for each point 

of data is then passed to the data historian via the PowerOn Fusion DMS. The data for the Method 1 

equipment is stored under the substation that the equipment is installed in as seen in Figure 22 and 

the data for each PED is stored under its unique trial number.  

 

 
Figure 22: Extracted time sequence data from PI (Data Historian) 
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Figure 23 shows the PI tags available within the data historian for PED 3.3i. 

 

 
Figure 23: Extract of PI Tags storing PED data. 

 

 
Each PED provides additional ancillary information that is required to fully assess and analyse the 
performance of the power electronics but is not used for operational decision making by Control 
Engineers. This data is stored in ihost and an example of some of the data stored is shown in Figure 
22. This data can be viewed via in real time via a web portal and extracted for analysis as shown in 
SDRC 9.4 Successful and safe installation, commissioning and operation of power electronics devices 
in London and Brighton 
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Figure 24: iHost view of Power Electronics Devices 
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6. Data Transfer between DPlan and UK Power Networks Systems 
 

6.1 Data Provision Flow 

Figure 25 shows schematically the various sources of UK Power Networks data, with the intermediate 

file formats and information flows that are passed into DPlan to enable the power electronics to be 

analysed.   
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Figure 25: Summary of data provision flows   

 

6.2 System Data Types 

 

Table 4 presents a high-level overview of the key datasets required to support the main FUN-LV 

systems. 
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Dataset Description Comments 

Network topology 

& 

electrical/thermal 

characteristics 

data 

Describes the network assets that 

comprise the relevant portions of 

the UK Power Networks HV and 

LV distribution networks, how 

these are connected to one 

another, and the relevant electrical 

and thermal characteristics.  

Includes graphical representations 

of network topology, and normal 

(but not actual) switch states. 

For the purposes of FUN-LV, 

connected consumer (or 

generator) premises (exit points, 

identified as MPANs) are also 

included as part of this dataset. 

This data is fundamental to the operation 

of any network modelling software, and 

an appropriate graphical representation is 

essential to allow engineers to visualise 

the topology when viewing monitoring 

information, controlling network 

equipment, or carrying out planning 

studies. 

This data can generally be divided into 

two portions: 

 data that describes individual assets; 
and 

 catalogue data that generically 
describes electrical and thermal 
characteristics of particular asset 
types, e.g. conductor or transformer 
types. 

Available network 

measurements 

Describes network measurement 

points from which data is collected 

via SCADA (or computed centrally 

in the DMS systems) and then 

archived into UK Power Networks’ 

PI historian. 

Includes historical switch states. 

This describes what measurement data 

can be made available to modelling 

software, e.g. for reviewing historical 

network utilisation and performance. 

It comprises the list of available PI tags 

combined with metadata that define the 

network location and quantity measured 

of each one. 

MPAN 

characteristics 

Key settlement and trading 

characteristics of each exit point, 

such as its energisation state, 

profile class etc. 

This data is needed to enable appropriate 

half-hourly consumption (or export) 

figures to be obtained or calculated for 

each exit point. 

EACs 

 

Estimates of Annual Consumption 

generated by the industry 

settlements process and provided 

to DNOs on a quarterly basis. 

Used to calculate half-hourly 

consumption/ export estimates for exit 

points whose supplies are not metered on 

a half-hourly basis. 

Profile coefficients 

(PC) 

 

Tables of half-hourly coefficients 

which record the proportion of an 

MPAN’s annual consumption that 

on average each one consumes 

during a specific half-hour period 

on a specific previous day. 

Used to calculate half-hourly 

consumption/ export estimates for exit 

points whose supplies are not metered on 

a half-hourly basis. 

Half Hourly (HH) 

advances 

Actual meter advances from 

MPANs whose consumptions (or 

exports) are metered half-hourly 

for industry settlement purposes. 

Actual consumption data for use when 

reviewing historical network utilisation 

and performance. 
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Dataset Description Comments 

Historical network 

measurements 

Actual historical network 

measurements, including switch 

states. 

Actual historical data for use when 

reviewing historical network utilisation 

and performance. 

Forecasts Sets of forecast values, for network 

measurements and MPAN 

consumption/ export, for specific 

future scenarios. 

Each forecast comprises a set of 

values for each half-hour period of 

a single complete day. 

Measurement data for use in forecasting 

studies within planning tools. 

Table 4: System Data Types 

Both PowerOn and DPlan use extracts of the above datasets to provide increased visibility of the three 

main FUN-LV systems. For example, PowerOn only makes use of the LV network topology whereas 

DPlan models all HV and LV data from the primary substation to the customer. 

 

 
      

6.3 Data Source Systems 

Table 5 summarises where each of the key datasets was obtained and Figure 26 shows the LPN 

network topology.  Because UK Power Networks currently have different IT landscapes in LPN and 

SPN, separate columns are provided for some of the datasets for these regions: 

 

Dataset LPN source(s) SPN source(s) 

Network topology & 

electrical/thermal 

characteristics data 

DINIS (HV and LV network topology 

and characteristics) 

Strumap (exit point connections) 

NetMAP (all topology data and exit 

point connections) 

WinDebut (conductor 

characteristics) 

DINIS (transformer characteristics) 

Available network 

measurements 

PI (manual extracts) 

MPAN characteristics Income Management (manual extracts from MAVIS) 

EACs Incoming P0222 files 

Other MPAN data MPRS and HV POF (manual extracts) 

Profile coefficients Elexon 

HH advances MAVIS 

Historical network 

measurements 

PI 

Forecasts Engineers (manual import of files prepared offline) 

Table 5: Data Source Systems 

Industry MPAN registration data, such as the registered Supplier, is maintained in MPRS, which forms 

part of the 1998 industry architecture and UK Power Networks runs for its distribution areas on behalf 

of the whole industry. 

 

Strumap is a secondary GIS application which maintains the associations between LPN MPANs and 

the DINIS LV topology model by matching the latter to the nearest LV cable.   
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The MPAN Validation Information System (MAVIS) is used by Income Management in UK Power 

Networks for addressing billing discrepancies, and consolidates information about MPANs from a 

number of UK Power Networks systems, but it is not involved in the network-premise association 

process. 
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Figure 26: LPN network topology/MPAN characteristics/available measurements data provision 
process 

 

7. Conclusion 
 

The information in this report and associated appendices demonstrate how FUN-LV has changed the 

processes by introducing enhanced IT systems necessary to demonstrate the requirements of SDRC 

9.3. The benefits derived from the use of new systems, processes, tools, data and equipment have 

been listed in this report. 

 

The project has followed the internal processes and testing, liaising with all project partners and 

vendors to deliver the IT systems as defined in the requirements. The IT systems deliveries have 

enabled the installed FUN-LV equipment on the LV networks to be provided with real time visibility to 

control engineers and advanced modelling to distribution planners. 
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Appendices 
 

 
Appendix A – Logical Architecture Design (Confidential) 
 

Please see the separate document for this appendix; this document will not be publically available on 

the innovation website but will be available on request. 

 

Appendix A is the document used to describe the proposed Logical Architecture Design to UK Power 

Networks IS Architectural Review Board and to seek necessary approvals to the proposal.  As this is a 

standalone document the first section (pages 1 to 9) are not relevant for the purposes of this SDRC 

but were necessary to set the scene for the Approval Board.  Sections 4,Data Architecture and 6 

Technical Architecture are relevant, have been highlighted in the main text of this report and should be 

read in conjunction with the main report. 

 

 

Appendix B – Increased Level of Network Awareness 
 

Please see the separate document for this appendix, this is also available on the innovation website. 

 

 

 

 

 

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Urban-Networks-Low-Voltage/

