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1. Purpose and Structure 

This report presents the processes, results and learning from the development and testing of the Active Response 

software solution tools. It focuses on the offline testing of the optimisation solution developed for the project, including 

the engine itself and optimisation logic. The structure of this document is shown in Table 1 below. 

Section 1: Purpose and Structure 
Describes the purpose of this report, its structure, and links to the obligations in 

the Full Submission Proforma to Ofgem 

Section 2: Executive Summary 
Summarises the background, processes and key findings described within the 

document 

Section 3: Definition of Terms Defines the acronyms used throughout the document 

Section 4: Project Background Summarises the aims and activities of the Active Response project 

Section 5: Software Architecture Describes the software architecture which supports the Active Response solution  

Section 6: Optimisation Solution  
Describes the optimisation solution developed to deliver the offline trials for Active 

Response (trials conducted outside of and separate to the live electricity network) 

Section 7: Trials Strategy and Simulation 

Methodology 
Describes the approach to offline trials  

Section 8: Trial Results and Commentary Summarises the results and conclusions from each of the offline trials 

Section 9: Recommendations for Live 

System Deployment and Live Trials 

Summarises recommendations and lessons for the implementation of the solution 

into live trials  

Section 10: Conclusions, Learnings and 

Next Steps 

Summarises the key conclusions and the learnings to inform the live trials and 

future deployment of Active Response solutions into Business as Usual 

Table 1: Document structure 

This report is the fourth Active Response Project Deliverable of nine that will be submitted over the course of the project, 

as described in the Project Direction1.  The Active Response Project Deliverables have been designed to demonstrate 

clear progress towards the project objectives and disseminate valuable learning to interested stakeholders at key 

milestones. Stakeholders include Ofgem, other Distribution Network Operators (DNOs), customers, industry groups, 

professional bodies, academic institutions, equipment manufacturers, smart grid service providers and local authorities. 

Table 2 summarises the evidence supporting the stated objectives for Project Deliverable 4. 

Project Deliverable Evidence Supporting Evidence 

Learning from 

commissioning and 

operation of Active 

Response software 

solution tools 

A report outlining the key 

learning from the initial 

offline trials of the project 

software tools. 

The results from the initial offline trials of the project software tools 

are presented in Section 8, while the recommendations for live 

deployment are summarised in Section 9 and key learning to 

inform future BaU implementation is presented in Section 10. 

Table 2: Summary of Project Deliverable 4 supporting evidence 

                                                      

 

1 Available at URL: https://www.ofgem.gov.uk/publications-and-updates/network-innovation-competition-project-direction-active-
response-distribution-network-constraints  

https://www.ofgem.gov.uk/publications-and-updates/network-innovation-competition-project-direction-active-response-distribution-network-constraints
https://www.ofgem.gov.uk/publications-and-updates/network-innovation-competition-project-direction-active-response-distribution-network-constraints
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2. Executive Summary  

2.1 Background  

At UK Power Networks, we strive to enable the uptake of Low Carbon Technologies (LCTs) at the lowest cost to 

customers. The growth of LCT utilisation will have a significant effect on electricity distribution networks. For DNOs, the 

uptake of LCTs has been rapid and in the absence of developed smart solutions, significant reinforcement would be 

required – with the costs being borne by customers.  

The Active Response project aims to release available and underutilised network capacity to improve network utilisation, 

support the uptake of LCTs and accelerate the realisation of our Net Zero commitment while minimising the need for 

infrastructure upgrades. Active Response proposes to achieve this through active reconfiguration of the electricity 

network and the use of power electronic devices (PEDs). These physical assets can provide a range of benefits, including 

the deferral of costly network reinforcement, by actively controlling power flows and voltage levels on the low voltage 

(LV) and high voltage (HV) networks. This advanced optimisation and automation solution will be part of a larger Active 

Network Management (ANM) platform. 

The project will deliver nine reports – known as Project Deliverables – which capture learnings at various stages of the 

project. This report – the fourth deliverable for Active Response – describes the key learnings from the initial offline trials 

of the project’s software tools. Specifically, this report gives details of: 

 The Active Response software solution architecture  

 Implementation and testing of the optimisation software solution  

 The data required to enable the HV and LV networks’ optimisation testing 

 The results from the initial offline trials 

 The key challenges and lessons learned from the initial offline trials 

2.2 Summary of Approach 

Active Response includes solutions based on the different network application and optimisation objectives. These 

solutions are: 

 Active HV and Active LV: respectively, the optimisation of HV and LV networks via remote switching and 
reconfiguration 

 Secondary Connect: the optimisation of LV networks using LV PEDs, referred to as Soft Open Points (SOP) 

 Primary Connect: the optimisation of HV networks using HV PEDs, referred to as the Soft Power Bridge (SPB) 

The overall software solution architecture comprises a number of components, including: 

 Advanced Distribution Management System (ADMS): the system that allows oversight and management of 
the network in BaU operation – PowerOn is used in UK Power Networks  

 Active Network Management (ANM) Platform: the central software platform for wide-area coordination and 
control of grid assets – UK Power Networks is in the process of implementing ANM Strata, a Smarter Grid 
Solutions (SGS) platform for advanced analytics  

 Optimisation engine: integrated within the ANM platform and determines the optimal running arrangement and 
PED operational characteristics against a target criterion – Active Response uses Grid360, a Nexant customised 
optimisation platform, as the optimisation engine 

The overall, application level, software architecture of the Active Response solution is shown in Figure 1. 
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Figure 1: Simplified ANM solution integration architecture 

In order to reach the full online solution depicted in Figure 1, the software will follow a staged process of deployment, 
testing and commissioning, starting with an offline trial architecture. The trials are considered offline as the optimisation 
instructions are not implemented in the real network, but in a controlled environment to test core functionalities and 
network modelling; hence the software has been commissioned on a server that is not directly linked to the operational 
ADMS, and is designed specifically to test the engineered solutions. Once all elements of the commissioned solution 
are fully tested and proven, the solution will be transferred to a server that has a live link with the operational ADMS and 
the solution will use real-time network data and interact directly with the control room equipment. 

Commissioning and testing the solution on a server that is not connected to the live network is necessary to ensure the 
solution is suitable for the live operation and will not have any negative effects on end customers. The key component 
that enables this testing is the ANM Test Harness – essentially, a combination of the optimisation engine and ANM 
Platform, as shown in Figure 2. 

 

Figure 2: Simplified test harness architecture 

The ANM Test Harness has been developed to perform initial offline trials in a safe and controlled environment before 
the full functionality can be demonstrated on the live network. The initial stages aimed to prove the core functionality and 
the network model based analytics, including the interface between the ANM system and the optimisation engine, and 
to validate the logic and modelling of the optimisation solutions. The same test harness will be used to support later 
deployment stages, as the project evolves, by introducing full integration with the live network and operational 
considerations over time.  

Four trials were executed to demonstrate the functionality of the Active Response software tools. Table 3 presents a 

summary of the key statistics and activities that demonstrate the simulation stage was successful.  

 Trial 1 Trial 2 Trial 3 Trial 4 

Active Response 

solutions trialled Active HV 
Active LV and 

Secondary Connect 
Primary Connect 

All solutions 

combined (Active 

Response) 

Voltage 11kV 11kV and 0.4kV 11kV 11kV and 0.4kV 

Number of network 

nodes simulated 
~400 ~2600 ~230 ~2600 

Optimisation engine
(uses data from the network asset information database)

ANM Platform

ADM System

Optimisation engine
(uses data from the network asset information database)

ANM Platform
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Number of loads 

simulated  
~150 ~1650 ~60 ~1700 

Telemetry (the number 

of optimisable loads)  

~50 loads 

(1 year’s worth 

of half-hourly P 

and Q2 data for 

every load point) 

~1800 loads 

(4 weeks’ worth of 

half-hourly P and Q 

data for every load 

point) 

~60 loads 

(1 year’s worth of 

half-hourly P and Q 

data for every load 

point) 

~1800 loads 

(4 weeks’ worth of 

half-hourly P and Q 

data for every load 

point) 

Execution time for 

 1-week time series 

simulation 

2 hours 7 hours 45 minutes 7 hours 

Output file size for 1-

week time series 

simulation 

750kB 1100kB 750kB 1100kB 

Number of 1-day runs 61 24 0 15 

Number of 1-week runs 6 20 44 16 

Total time simulated ~100 days ~160 days ~300 days ~130 days 

Total computation time ~30 hours ~160 hours ~30 hours ~130 hours 

Table 3: Operational statistics from offline trials 

2.3 Key Outcomes and Lessons Learned 

The Active Response team has successfully deployed and commissioned the software optimisation tools in order to 

perform offline trials, and has gathered valuable learnings to inform the live trials and BaU implementation.   

The key outcomes and lessons learned from the overall process that led to delivery of the offline trials are summarised 

below.  The full list is presented in Section 10. 

 Network optimisation techniques – such as those presented in this report – can resolve future overloads and 
release spare capacity, with an average of 400kVA (the equivalent of 57 7kW fast chargers) being released 
within the trial networks selected for the offline trials. 

 During the EV peak scenarios, Active HV resolved all overloads up to 1 MVA in the Trial 1 four feeders area –
equivalent to simultaneously connecting an additional 142 EV charging points (7kW fast chargers). This could 
lead to approximately 4 MVA of spare capacity being released for the entire Trinity Crescent primary substation 
area. 

 In general, the Switching Optimisation approach, as opposed to the PED Optimisation approach, has a wider 
area coverage and thus wider effects on the network. More detail can be found in Section 8. 

 Common Information Model (CIM) is a suitable way to transfer complex topology information between different 
environments (i.e. the optimisation engine, data management peripherals and the ANM Test Harness). 

 A CIM model does not exist for the PEDs (the SOP and SPB) used in Active Response; therefore the project 
team has developed a dedicated model with the manufacturer. 

                                                      

 

2 This report follows the commonly used denominations of P as active power and Q as reactive power.  
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 Modelling LV networks is significantly more complex than modelling HV networks due to the very high number 
of network loads and nodes.  

 

3. Definition of Terms 

Term Definition 

ADMS Advanced Distribution Management System 

ANM Active Network Management 

APRS Automatic Power Restoration System 

BaU Business as Usual 

CENELEC European Committee for Electrotechnical Standardisation 

CIM Common Information Model 

CSV Comma Separated Values 

DNO Distribution Network Operator 

EV Electric Vehicle 

FSP Full Submission Pro-forma 

FUN-LV Flexible Urban Networks-Low Voltage 

GB Great Britain 

GUI Graphical User Interface 

HV High Voltage (11kV or 6.6kV) 

IEC International Electrotechnical Committee 

KASM Kent Active System Management 

LCT Low Carbon Technology 

LV Low Voltage (400V) 

MPAN Meter Point Access Number 

NIC Network Innovation Competition 

NOP Normally Open Point 

OPF Optimum Power Flow 

PED Power Electronic Device 

PI Process Information 

PORT Primary Outage Restoration Tool 

RMU Ring Main Unit 

RTU Remote Terminal Unit 

SCADA Supervisory Control and Data Acquisition 

SGAM Smart Grid Architectural Model 

SOP Soft Open Point 

SPB Soft Power Bridge 

SPEN Scottish Power Energy Networks 

SULV Smart Urban Low Voltage 

TPS Turbo Power Systems 

 



Active Response  
Project Deliverable 4 – Learning from commissioning and operation of Active Response 

software solution tools 

 

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 9 of 85 

4. Project Background 

4.1 Introduction to Active Response 

Growing use of LCTs, such as electric vehicle (EV) charging, solar generation and low carbon electric heating, will have 

a significant impact on electricity distribution networks, including considerably altered demand profiles and patterns 

creating voltage and thermal constraints. Active Response aims to demonstrate that active reconfiguration of the network 

with power electronics can manage these effects.  

The predicted LCT uptake at UK Power Networks is significant. Moreover, the actual number of EVs registered in UK 

Power Networks’ three licence areas has exceeded our forecasts – we predict that our three licence areas will have up 

to 3.6 million EVs by 20303 .  National Grid’s Future Energy Scenarios 2020 estimates that the shift from petrol and 

diesel vehicles to EVs will place an annual demand of between 12.5-30 TWh on the electricity system by 20304.  

Significant reinforcement will be required – with costs largely being borne by customers – if no smart solutions are applied 

to solve these issues.  

At UK Power Networks, we strive to enable the uptake of LCTs at the lowest cost to customers. As such, we are 

developing a smart solution toolbox (see Figure 3) to ensure we have the right solution for each challenge we face, 

or expect to face, in the future. More detail on these solutions can be found on our innovation website5. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Toolbox of UK Power Networks’ smart solutions  

 

                                                      

 

3 Reference: UKPN Distribution Future Energy Scenarios engaged scenario; available at URL 
innovation.ukpowernetworks.co.uk/2020/02/06/distribution-future-energy-scenarios/ 

4 National Grid, figures CV.23-26: www.nationalgrideso.com/future-energy/future-energy-scenarios/fes-2020-documents  
5 URL: innovation.ukpowernetworks.co.uk/  

Commercial Solutions 

Flexible Connections – ANM 

Energy Exchange 

PicloFlex 

Timed Connections 

Smart Charging Flexibility 

V2G Flexibility 

Optimise Prime 

Power Potential 

Enablers 

Forecasting 

LV Diagram – Full LV Control 

LV Monitoring 

Real-time Contingency Analysis & 

Forecasting Tool (KASM) 

Cold Start 

Technical Solutions 

Loadshare 

LV Reclosers (FUN-LV) 

Fault Current Limiting Devices  

(Powerful-CB & EDGE) 

Active Response  

LV Phase Switching 

DG Capacity Release 

Real Time Transformer Rating 

https://innovation.ukpowernetworks.co.uk/2020/02/06/distribution-future-energy-scenarios/
http://www.nationalgrideso.com/future-energy/future-energy-scenarios/fes-2020-documents
https://innovation.ukpowernetworks.co.uk/
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Active Response will deliver three physical smart asset solutions:  
 

 The second-generation SOP, which is a type of PED for use on the LV network. There are two types of SOP 

device: the two-terminal unit and the three-terminal unit.  Respectively, these connect two and three substations 
together  

 A novel HV SPB, which is also a PED that connects two primary substations together 

 The remote switching and monitoring solutions for HV and LV networks6, including two completely new 
solutions for LV link boxes providing new monitoring and switching capability, which will be coordinated 
alongside existing LV substation circuit breakers and 11kV ring main units (RMUs)  

The SOP and SPB can control power flows and voltages on the LV and HV networks respectively without increasing 

fault levels, to enable meshing between substations and networks.  

The project will also deliver an advanced optimisation and automation software solution that can deliver benefits over 

a wide area if the enabling technologies are in place; these include the SOP, SPB, RMU switches, link box switches, 

and LV circuit breakers. This advanced automation and optimisation system will be developed within UK Power 

Networks’ strategic ANM Platform and fully integrated with the existing ADMS and SCADA (Supervisory Control and 

Data Acquisition) infrastructure.  

In order to maximise network capacity, the advanced software solution will optimise the network configuration through 

moving Normally Open Points (NOPs) – RMU, LV circuit breakers or link box switches that are normally run open, that 

can mesh network branches when closed – and/or by actively controlling the behaviour of the SOP and SPB in response 

to network changes.  

If proven successful, Active Response could save customers across GB about £271 million in reinforcement costs – 

approximately £9.34 from every customer’s bill – by 2030. As well as reducing reinforcement costs, the project 

aims to help alleviate overloading on circuits; this in turn aims to reduce Customer Interruptions (CI) and Customer 

Minutes Lost (CML), which are key parameters for measuring the frequency and duration of power cuts experienced by 

customers.  

Active Response builds on the learnings from several completed and ongoing innovation projects. These include the UK 

Power Networks-led Flexible Urban Networks-Low Voltage (FUN-LV) and Smart Urban Low Voltage (SULV) projects, 

which successfully demonstrated the application of first-generation PEDs on LV networks. Among the ongoing projects, 

UK Power Networks is an active partner on the SP Energy Networks (SPEN)-led LV Engine NIC project. 

 

 

 

 

                                                      

 

6 In the UK Power Networks licence areas, HV refers to 11kV and 6.6kV, LV refers to 400V, and primary substations refer to 11kV 
or 6.6kV busbars. 
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4.2 DNO Collaboration and Project Partners 

Active Response is a collaborative UK Power Networks-led project. The roles of the project partners are described 

below. 

 

SP Energy Networks (SPEN): DNO partner who forms part of the Technical Design Authority 

(TDA) and supports knowledge dissemination activities. SPEN brings the expertise of 
operating and managing a distribution network in different geographical areas, advising on 
the applicability of the solution in a different distribution network. 

Lead DNO on the LV Engine project, which is trialling a different type of PED in its network –
a solid-state transformer. UK Power Networks is the DNO partner on LV Engine. 

 

Turbo Power Systems (TPS): Lead hardware manufacturer with responsibility for the 
design, development, manufacture and testing of the SOP and the SPB. 

TPS is also the lead for workstream 1 (Hardware Development and Deployment). 

 

CGI: Responsible for updating UK Power Networks’ planning tool, DPlan, to include the Active 

Response methods and solutions. 

Provides advice related to information technology and operational technology architecture, 
data preparation for project trials and contribution to knowledge dissemination. 

 

Ricardo Energy & Environment: Lead consultant supporting all workstreams and leading 
workstreams 3 (Project planning, trials and analysis) and 4 (Learning and dissemination). 

Provides expertise in network design and operation, power electronics, project management, 
data analysis, and reporting for trials. 

By partnering with SPEN we can ensure that the methods, once proven, are deployable in at least five of the 14 GB 

licence areas and hence wide applicability is highly likely. 

In addition to the partners introduced above, the Active Response project has also benefited from the contribution of a 

number of suppliers. The following suppliers are of particular relevance to this Project Deliverable:  
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Nexant: Responsible for Grid360, the optimisation engine that provides the PED 
modelling, forecasting and optimisation for each Active Response solution that informs the 
recommendations for PED set points and network reconfiguration. 

 

Smarter Grid Solutions (SGS): Responsible for the Active Network Management (ANM) 
system – ANM Strata – that enables the optimal management and failsafe control of all 
power system devices in the Active Response project. Also provided the test harness for 
the offline trials. 

 

4.3 Active Response Method and Solutions 

Active Response is based on two key methods: Network Optimise and Primary Connect. The Network Optimise method 
comprises three different solutions applied on HV and LV networks, whereas the Primary Connect method comprises 
one solution applied on the HV network. These methods and solutions will be subject to four trials (see Figure 4). 

 

Figure 4: Active Response methods and solutions description 

Active HV and Active LV will demonstrate the optimisation capabilities of the Active Response software engine to 

optimise remote switching and network reconfiguration using a range of switchgear on HV and LV networks, including 

RMUs, LV circuit breakers and new LV link box switches.  

Secondary Connect will manage load transfer between LV feeders and substations by developing and deploying two 

types of SOP: the two-terminal unit, installed as street furniture; and the three-terminal unit, installed in secondary 

substations. Previous versions of SOP were successfully trialled in the FUN-LV project, providing valuable learning that 

has been incorporated and applied to the latest versions developed for Active Response.  

Primary Connect will use the novel SPB device for bi-directional transfer of load between HV substations or feeders to 

relieve potential capacity constraints. 

Network Optimise 

Optimisation and automatic reconfiguration of HV and LV networks in 

combination using remote controlled switches and Soft Open Points 

Primary Connect 

Controlled transfers 

between Primary 

Substations using a 

Soft Power Bridge 

to share load 

between substations 

and optimise 

capacity 

Trial 3 
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Connect 

Using Soft Open 

Points to manage 

power flows 

between secondary 

substations 

Trial 1 Trial 2 

Trial 4 (all aspects combined) 

Active HV 

Remote 

reconfiguration of 

HV network to move 

open points 

(without PEDs) 

Active LV 

Remote switching 

and reconfiguration 

of LV network to 

move open points 

(without PEDs) 
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Figure 5 depicts an electrical connectivity schematic of these devices. The LV network detail in this diagram is for 

illustrative purposes only, as in practice the detail would depend on the actual physical arrangement of the network.  If 

successful, the methods and solutions will be incorporated into UK Power Networks’ business processes as part of the 

planning teams’ toolbox of potential solutions to address network constraints. The planning process is shown 

conceptually in Figure 6, with potential solutions ranked by cost in ascending order (from bottom to top).  

Section 6.1 provides further detail on how the solutions are implemented within the software. 

 

 

Figure 5: Diagram of the four Active Response solutions combined in a distribution network 

Primary Connect 

Active LV & Secondary Connect 

Active HV 
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Figure 6: Active Response aspects of the future toolbox of planning process potential solutions to address network constraints 

Further detail on the methods and solutions can be found in the project storyboard, which is available on UK Power 

Networks’ Innovation website: 

 https://innovation.ukpowernetworks.co.uk/projects/active-response/.  

5. Software Architecture 

The Active Response software is a vital component of the overall solution – providing monitoring, optimisation and control 

of the network assets, and realising the Active Response benefits. The Active Response project has developed a new 

dedicated optimisation engine which analyses network measurement and topology data to find the optimal network 

operation configuration.  

This section describes the overarching software architecture that makes the Active Response solution possible, 

highlighting the areas developed for the project and those that are already in operation or in development within UK 

Power Networks’ BaU operations.   

5.1 Active Response Solution Architecture 

The major components of the software architecture are described below. 

Advanced Distribution Management System (ADMS): The system that allows oversight and management of the 

network in BaU operation. Data from the network is communicated through the ADMS system – which is PowerOn at 

UK Power Networks. Active Response utilises data collected by ADMS from a range of network equipment – remote-

controlled RMUs, the PEDs (the SPB and SOP), LV circuit breakers, and LV link box switches.  

PowerOn uses Process Information (PI) Historian as a data store for electrical and non-electrical information on 

operational field assets. For the offline trials, real and reactive power data was extracted from PI for use in the offline 

test harness (see Section 7.1). 

Active Network Management (ANM) Platform: In 2019, UK Power Networks began implementing a new ANM platform 

supplied by SGS – ANM Strata – as the central software platform for wide-area coordination and control of grid assets. 

https://innovation.ukpowernetworks.co.uk/projects/active-response/
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The commissioned Active Response solution forms part of the wider UK Power Networks solution and includes 

optimisation modes for the PEDs, the controllable HV and LV switches, and the controllable LV link box switches. The 

commissioned ANM Strata solution provides preventive control and real-time corrective control in one platform. The 

optimisation, constraint management and control algorithms are complemented by a suite of integration adapters, data 

historian, data analytics, user interface and grouping and aggregation capabilities.  

The commissioned Active Response solution, used to deliver the offline trials, focused on the innovative optimisation 

capabilities of the ANM system. The ANM and its components use a copy of the network topology and asset master 

data, maintained via a CIM interface. In BaU operation of the Active Response solutions, it is intended that the ANM will 

receive network measurements and switch-status from PowerOn in real-time, and all data between the optimisation 

engine and field devices will be communicated via PowerOn. However, this approach may evolve over time, as the 

solution becomes established.  

Optimisation engine: The commissioned optimisation engine – Grid360 – is integrated within the ANM platform. 

Grid360 analyses the current state of the network and performs optimal power flow analysis to determine the optimal 

running arrangement and PED configuration settings (set points for active and reactive power) against a target criterion. 

Any proposed analogue set points or digital status changes are passed to the core ANM platform and then applied onto 

the network through the ADMS. 

DPlan: DPlan is UK Power Networks’ strategic network modelling tool for distribution planning studies on the HV and 

LV networks.  As part of the Active Response project, DPlan will be enhanced to model the new PEDs and improve 

modelling of LV meshed networks. The DPlan asset database was also used during the offline trials to provide the 

optimisation engine with HV and LV network models, data and component rating information (see Section 7.3.1 for more 

detail). In order to validate the outputs of the optimisation, some of the Trial 1 scenarios run in the ANM will also be run 

in DPlan so that the results can be compared and confirmed. 

Figure 7 provides a high-level overview of the Active Response system architecture, showing the interactions between 

the major software components and the aspects which are being developed in order to commission the Active Response 

solutions for the offline testing and transfer them onto the live network system. As shown in Figure 7 and described 

below, there are four main levels within the commissioned Active Response solutions. 

 The network equipment level: At this level, the Active Response project is involved in developing the software 
of the new equipment, such as PEDs and link boxes, and ensuring that the BaU equipment is available where 
required and provides the information to enable the success of the commissioned solution. This also includes 
configuring the RTU firmware to include and accommodate the new Active Response equipment. 

 The ADMS level: At this level, the Active Response project is involved in:  

o Updating the existing network diagrams to include the newly installed Active Response equipment  

o Drawing new network diagrams utilised by Active Response and not available within the Active 
Response platform (such as LV diagrams) 

o Updating the RTU templates, which are the control engineer’s user interfaces, to include all the field 
signals that will be transmitted by the Active Response field equipment 

o Creating a link with the ANM system to facilitate data exchange and interaction between the two systems 

 The ANM level: At this level, the Active Response project aims to: 

o Design, develop and commission the software elements that will interface with the ADMS, to process 
the data transmitted by the ADMS system 

o Transfer the relevant data to the optimisation engine and enact the relevant optimisation modes 

o Create a link with the optimisation engine to facilitate the data exchange between the two systems  
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Additionally, the Active Response project designs the control engineer user interfaces, i.e. the collection of 
screens that the control engineer will see during the live operation. 

 The optimisation engine level: At this level, the Active Response project aims to: 

o Design the optimisation algorithms for the four Active Response solutions 

o Model the behaviour of the Active Response field equipment (such as the PEDs) 

o Design the interface for data and recommendation exchanges with the core ANM system 
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Figure 7: High-level overview of the Active Response system software architecture 

Optimisation Engine 
Grid360 

 Load Flow 

 State Estimation 

 Contingency 

 Forecasting 

 Optimisation 

Can be operated in offline 

mode, using offline models 

and imported datasets. 

Active Response Optimisation 

 Active HV 

 Active LV 

 Secondary Connect 

 Primary Connect 

Active Network Management (ANM) 
Platform 

Strata 

Advanced Distribution Management 
System (ADMS) 

PowerOn 

Distribution Network 
Network Assets, exchanging data via Remote 

Terminal Units (RTUs) 

Active Response Network 
Equipment 

 SPBs and SOPs 

 Link box switches and monitors 

 LV circuit breakers  

 RMUs 

Active Response ADMS 
Functionality 

 RTUs notify PowerOn of 
constraint 

 SOPs, SPBs and LV switches 
represented in PowerOn  

Active Response ANM 
functionality  

 Provide Grid360 analytics with 
live telemetry 

 Failsafe control to implement 
optimal control schemes 

KEY 
Active Response 

Scope 
Wider ANM project 

Existing 

BaU 

Active Response Online Solution Architecture 



Active Response  
Project Deliverable 4 – Learning from commissioning and operation of Active Response 

software solution tools 

 

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 18 of 85 

The architecture described above is also presented in Figure 8 using the Smart Grid Architectural Model (SGAM) to 
provide a more detailed view of the Active Response software solution. This also depicts how it interacts with existing 
BaU systems (e.g. PowerOn) and the Active Response equipment, i.e. PEDs (SOPs and SPBs), link box switches, circuit 
breakers and RTUs installed within the HV and LV network. The SGAM diagram has been created in accordance with 
guidelines developed by the CENELEC.  For a larger version of the SGAM diagram without annotations, please see 
Appendix A (11.1). 

The main components used to deliver the commissioned offline trials solution are highlighted and annotated in the SGAM 
diagram. The software components highlighted in green are being developed for the Active Response project, however, 
not all of the functionality or interfaces are required for the offline trials and will be deployed prior to the online trials.  

The SGAM highlights the overall complexity of the Active Response architecture, reflecting the project’s aim to integrate 
directly with the BaU systems. This approach was taken in order to demonstrate the Active Response trials in the BaU 
environment and support the transition to BaU following completion of the project. 

For the online trials, the key interface to be enabled is the integration with the ADMS (PowerOn).  This will be achieved 

with a new ICCP link, through which the command path will be established with the RTUs and their associated PED 

devices installed in the field. Therefore, the online trials will be delivered using the commissioned offline system explained 

in this report, linked to the ADMS (PowerOn) via a live ICCP link. 

 

 

 

 

 

 

[Figure 8 in following page] 
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Figure 8: Overview of main software components of Active Response depicted using the Smart Grid Architectural Model (SGAM) 

5.2 Active Response Offline Trial Architecture 

The previous section describes the architecture under development to deliver the full online solution for Active Response.  

However, in order to reach the full online solution depicted in Figure 7, the software will follow a staged process of 

deployment, testing and commissioning, starting with an offline trial architecture. This document covers the initial stages 

of software deployment using a standalone offline testing architecture that includes a dedicated ANM Test Harness (see 

Figure 9).   
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Figure 9: High-level overview of the architecture implemented for the offline trials 
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The same test harness will be used to support later deployment stages, as the project evolves, by introducing full 

integration with the live network and operational considerations over time. 

6. Optimisation solution  

This section describes the Active Response optimisation solution used in the offline trials.  

6.1 Objectives of the Optimisation 

The optimisation software within the Active Response part of the ANM system has been developed to deliver the four 

solutions introduced briefly in Section 4.3. These solutions are described in more detail below, to highlight how they form 

the basis for the optimisation. 

 Active HV: This involves moving the location of NOPs within radial HV networks automatically, to optimise the 
loading of feeders connected to the same primary substation. The HV NOPs between secondary substations 
are moved by closing and opening RMU switches and are typically used to reconfigure HV networks in order to 
switch out sections of the network for planned works or under outage conditions. The Active HV solution requires 
RMUs to be remotely actuated in response to instructions from the ANM system, so that HV networks can be 
reconfigured as feeder loading changes.  

 Active LV: This optimises the LV network by reconfiguring it based on the network loading conditions. Like 
Active HV, this will be done by repositioning LV NOPs using remote switching. Radial LV networks have 
alternative supply arrangements available under fault or outage conditions (called a backfeed) which are 
implemented by closing NOPs at secondary substation LV boards and/or at link boxes in the pavement. Active 
LV makes use of new remote-controlled switches (developed by the project) at both substation LV boards and 
inside link boxes to reconfigure the LV network. The solution enables load transfer between substations by 
opening and closing these switches in combination. This can be done such that the feeders remain radial or by 
meshing networks (via a SOP) to share the infrastructure between the supplying substations. 

 Secondary Connect: This utilises SOPs to connect LV network substations/nodes and allow controlled power 
flows between them. SOPs allow controlled transfer of power between their ports, without any impact on fault 
levels, and can therefore be used to cross electrical boundaries, e.g. connecting LV feeders that are fed from 
substations on different HV feeders or different primary substations. The project will utilise two-port SOPs 
(installed as street furniture) and three-port SOPs (located within LV only substations). 

 Primary Connect: This utilises an SPB to control transfers between primary substations to share load and 
optimise capacity.  Primary substations are interconnected via NOPs to allow for alternative supply 
arrangements under outage conditions and to allow the transfer of loads between them. It is often not possible 
to run the connection closed under normal conditions due to circulating currents between the two primary 
substations, excessive fault levels, protection coordination, and in some cases, phase differences. However, 
interconnection between primary substations can offer benefits by enabling high demands at one substation to 
be partially met by the other. The Primary Connect method uses an SPB to enable controllable bi-directional 
load/power transfers between primary substations.  

The commissioned ANM Test Harness has been used to perform initial offline trials in a safe and controlled 

environment before the full functionality is transferred onto the live network.  

 Proved core functionality and network model based analytics including the interface between the ANM 
Strata and the optimisation engine  

 Validated the logic and modelling of the initial optimisation solutions  
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The analysis considers the current network topology, the operational status of the PEDs and the availability of switching 

devices to determine the optimal running arrangement. The optimisation engine then simulates the proposed changes, 

ready for the next optimisation period.  

6.2 Optimisation Definition 

The four Active Response optimisation solutions run on the Grid360 optimisation engine. This performs a series of 

analysis and optimisation functions, as explained below.  

 The analysis functions are analytical simulations and/or calculations with no optimising capabilities; they 
include power flow, contingency analysis and fault analysis, among others.  

 The optimisation functions compute new values for designated power system controls to improve power 
system operation while respecting the power system constraints. A range of different objective functions is 
available, including economic dispatch, minimum control shift, minimum number of controls shifted and loss 
minimisation. The main optimisation functions demonstrated so far are optimal power flow (OPF) and switching 
and PED control.  

o OPF solves optimal active and reactive power dispatch (which can include switching control), to comply 
with base-case constraints and optionally prevent post-contingency constraint violations.  

o Switching and PED control determines and implements, from different switching and load optimisation 
scenarios, the one(s) that best alleviate base-case constraint violations and optionally prevent post-
contingency constraint violations. 

 

 For each optimisation run, the optimisation engine performs an Optimum Power Flow (OPF) analysis on the 

network and provides recommendations on optimal running arrangements and PED set points where beneficial. For 

the purpose of the offline trials, this is conducted on a half-hourly basis. This will be performed in near real-time for 

the live trials (see Section 9 for more detail on the live trials). 



Active Response  
Project Deliverable 4 – Learning from commissioning and operation of Active Response 

software solution tools 

 

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 23 of 85 

The high-level description of the inputs and outputs to the optimisation solution are shown in Figure 10.  

 

Figure 11 describes the process whereby the optimisation solution produces its recommendations for optimal network 

configuration. There are three steps in the process, as set out below. 

1. Check for flow and voltage violations: Check if there is a violation (e.g. power flow or voltage) that needs to 
be corrected. If no violations are found, the optimisation engine does not attempt to intervene.  

2. Optimise for voltage, real and reactive power: Attempt to optimise voltage, real power, and reactive power 
based on the type of PED(s) available (reactive power optimisation is not a feature of the SPB). This step 
produces the new control set points. If the result produces no violations, the optimisation stops here. If no PEDs 
are considered, this step is skipped. 

3. Switching analysis: Switching analysis determines a new configuration that optimises power flow and voltage. 
This step produces instructions for the switches to be operated, and in what order, to optimise the network. This 
solution does not necessarily eliminate violations; it aims to find the best solution, given the constraints, to 
minimise the violations. Solutions which are an improvement on the base case (the original arrangements) are 
considered effective.  
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Figure 10: High-level description of the inputs and outputs to the Active Response optimisation solution 
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Figure 11: General approach to how the Active Response optimisation produces results for network configuration 

6.3 Modelling the PEDs  

In the optimisation solution, the PEDs are modelled based on the manufacturer’s documentation which specifies the 

operational behaviour of the devices in terms of their operational capability curves and voltage envelopes. Figure 12 and 

Figure 13 show the electrical characteristics data used by the optimisation engine to model the PED devices.  The data 

captures the electrical behaviour of the SPB and both SOP variants in terms of active and reactive power transfer. 

Further information about the PED hardware can be found in Deliverable 3: Learning from Hardware Factory Tests, 

available on the project website7. 

The SPB and SOPs are modelled as back-to-back voltage source controllers. The optimisation engine dictates the real 

and reactive power quantities flowing in and out of the corresponding PED terminals.  

Different circuit elements are modelled and presented differently in CIM files. There are standards that cover how these 

elements are modelled. 

                                                      

 

7 URL: https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2020/08/Active_Response_Deliverable-3_v1.0.pdf 
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 Active Response is trialling new PED devices that were never used in the electricity network. CIM models for 

these PED devices do not exist. The project team has developed these models to inform industry experts so that 
they can be adopted by the wider industry once the solution is deployed at scale across GB and beyond. 

https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2020/08/Active_Response_Deliverable-3_v1.0.pdf
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During load flow, the PED device’s active power set point is fixed; it is either 0 by default or a user-defined value, which 

determines the amount of active power that flows through the device to transfer power between the ports. The reactive 

power at each terminal is regulated to maintain the terminal voltage close to 1.0 per unit, however, unlike active power, 

there is no connection between the reactive power at each terminal and so they are controlled independently. 

 

Figure 12: PQ capability curve of the two-terminal and three-terminal SOPs for use on the LV network (source: TPS)  

 

Figure 13: PQ Capability Curve of the SPB for use on the HV network (source: TPS) 

6.4 Visualisation of the Optimisation Engine Results 

The results of the optimisation engine are primarily communicated to ANM Stata for processing, but the results can also 

be interrogated directly, using the Grid360 graphical user interface, as either a schematic/map or a table of results. 

Examples of the user interface taken from Trial 1 are shown in Figure 14 and Figure 15. 

Figure 14 is a screenshot from the Grid360 user interface and depicts the outputs of the power flow analysis before 

optimisation, indicating nodes where a violation is detected (in this case overloading). Figure 15 shows the outputs of 

the optimisation, which lists the proposed recommended changes to reduce or alleviate the violations. 
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Figure 14: Grid360 visualisation example: Trial 1 test scenario of network overloading before switching recommendation 

 

Figure 15: Grid360 visualisation example: Trial 1 switching recommendations  
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7. Trial Strategy and Simulation Methodology 

This section describes the approach taken in the offline trials to demonstrate the solutions described in Section 6 and 

the overall performance of the offline testing architecture, including: 

 

 Data handling processing and reporting mechanisms  

 Performance of the optimal power flow 

 The optimisation logic 

 PED modelling of the optimisation engine  

Table 4 presents a set of key observational objectives for each of the offline trials. These objectives are the elements of 

the system affected by the optimisation process. It should be noted that the success criterion is to resolve any, not 

necessarily all, overload occurrences on the network. 

Key Observational Objective  Description  

Trial 1 
Active HV 

Trial 2 
Active LV & 
Secondary 

Connect 

Trial 3 
Primary 
Connect 

Trial 4 
Active 

Response 

Topology change  
The topology of the system 
after optimisation (labelled)  

 
 



Load flow change  
The differences between the 
load flow before and after 
optimisation 

   

Voltage levels  
The differences between the 
voltage levels before and after 
optimisation  

   

Overloaded branches  
Overloaded feeders with the 
associated measurement data  

   

System losses  
Losses in the system before 
and after optimisation  

   

SOP Set points  
Set points for SOPs (P and Q) 
that are part of the 
optimisation  

 





SPB Set points  
Set points for SPBs (P and Q) 
that are part of the 
optimisation  

  
 

Table 4: Observational objectives of the offline trials 

7.1 The Commissioned ANM Test Harness 

The need for an offline testing environment to perform offline trials and to quantify the impact of Active Response 

solutions is presented in Section 5.2. The ANM Test Harness has been commissioned and implemented for these testing 

purposes, along with optimisation enabling software. 

 

 The ANM Test Harness was implemented to accelerate the trial analysis by allowing the underlying network 

models for each of the trials to be driven by diverse time-series data and optimisation configurations to quantify the 

impact of Active Response under a variety of scenarios. 
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The commissioned ANM Test Harness is designed to process time-series network data. This data is extracted directly 

from UK Power Networks’ PI Historian, or an equivalent database, and can be pre-processed to devise a variety of 

loading scenarios. An example of time-series data is active and reactive power data for all network loads logged against 

the corresponding measurement time stamp throughout a full day. The data collected is measured half-hourly; for 

example, one-day time-series data would contain 48 entries per day. This network loading data is fed into Grid360’s load 

flow and optimal power flow engine, along with the CIM-based network model. The optimal power flow produces control 

recommendations, which are then processed by Strata in terms of switching changes or optimal PED set points. The 

states of the network topology and PEDs are preserved for the subsequent time step. 

For every time step, load flow analysis is performed before and after optimisation to quantify the effect and impact of the 

test solution(s). At the end of a particular set of time-series data, an automated meta-analysis of all load flow and optimal 

power flow results is generated to accelerate development and analysis. The meta-analysis is a quick summary of the 

main findings of the simulations, which is part of the commissioned ANM Test Harness and is automatically produced 

by it. Examples of this meta-analysis include the number of topology changes recommended, the number of branch 

overloads resolved, and the impacts of optimisation on network voltage.  A conceptual technical model of the key inputs 

and outputs of the ANM Test Harness is depicted in Figure 16. 

 

 

 

 

 

 

 

 

The data requirements of the test harness can be split into three broad categories, as set out below. 

 Trial network models: In order to run load flow or optimal power flow on a given network model, it must contain 
accurate information about electrical connectivity, impedance data, and equipment ratings. This was 
accomplished by leveraging Grid360’s existing network modelling capabilities to detect and fix any network 
modelling issues. All new PEDs and switching devices were then added to the relevant network in order to model 
their behaviour. 

 Network measurement data: The time-series data used in the trials was produced based on actual network 
measurement data extracted from UK Power Networks’ PI Historian and represented half-hourly real and 
reactive power measurements. The data was annotated to include “operational mapping” that allowed it to be 
associated with network model topologies. The offline test harness was used as a mechanism to diagnose and 
confirm valid network modelling, PED modelling, and time-series data through multiple rapid one-day 
simulations, as a precursor to the production of final results analysed and discussed in this report. 

 Optimisation configuration: The optimisation parameters consisted of the configuration settings that drive the 
Active Response optimisation for each trial. This includes the list of switching devices and PEDs in the network 
that are controllable, as well as details of the optimisation objectives that should be enabled, based on the trial 
in question (i.e. Active HV, Active LV, Primary Connect and Secondary Connect). 

Figure 16: Conceptual technical model of the offline test harness 
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7.2 Trial Network Models and Objectives 

The sections below describe the different network models and objectives for each of the offline trials.  For the live trials, 

the following points should be borne in mind. 

 The offline trial locations have been selected to demonstrate operation of the optimisation in the best 
representative areas (electrical characteristics – loads, topology, feeder numbers etc.). The optimisation solution 
can be widely adopted in other areas with similar characteristics tested, which are the basic requirements of 
applicability of Active Response. 

 The offline trial locations may differ from the final live trial locations, which will be subject to site-specific criteria 
including construction and installation factors and planning permission requirements. 

 The number of LV circuit breakers and switches may vary during the live trials, depending on site constraints. 

The network models for the offline trials are based on areas of the network identified as candidate sites through a 

comprehensive site selection process; however, as mentioned above, the live trials may take place on different areas of 

the network. Full details of the site selection process can be found in Deliverable 2: Trial Site Selection Criteria and 

Process Outcome, available on the project website8. 

 Trial 1: Active HV 

Trial 1 focused on testing the capabilities required to enable the Active HV solution. The Active HV solution involves 

remote switching of equipment on the HV network in order to move the location of NOPs, thereby optimising the 

distribution of load between network assets. Any switches with remote control capability were included in the 

optimisation.  

Trial 1 was based on four feeders in the Trinity Crescent North West feeder group, which is made up of 16 feeders in 

total. The feeders – NW1, NW2, NW3 and NW4 – are shown in Figure 17.   

                                                      

 

8 URL: https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2018/12/Active-Response-Project-Deliverable-2-Report.pdf 

https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2018/12/Active-Response-Project-Deliverable-2-Report.pdf
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Figure 17: Trinity Crescent North West feeder group with the feeders included in Trial 1 highlighted 

The objective of Trial 1 was to demonstrate: 

 Switching optimisation 

 High-voltage network modelling 

 Test harness capabilities (the ANM Test Harness described in Section 7.1) 

 Trial 2: Active LV and Secondary Connect 

Trial 2 focused on testing the capabilities required to enable the Active LV and Secondary Connect solutions. These are 

the Active Response solutions that apply to the LV network, including remote switching of equipment on the LV network 

in order to move the location of NOPs (Active LV) and using SOPs to connect LV network substations/nodes and allow 

controlled power flows between them (Secondary Connect).  

Trial 2 was based on the network in the Durnsford Road area.  It focused on four feeders – SW1, SW2, SW3 and SW4 

– with the optimisation actions taking place on the 400V network using SOPs, LV feeder circuit breakers and link box 

monitoring and switches.  

The objective of Trial 2 was to demonstrate: 

 Switching optimisation alongside SOP active and reactive optimisation 

 Low-voltage network modelling 

Trinity Crescent HV Substation 

 Trial 1 was the first deployment of the ANM Test Harness and was a demonstration of switching optimisation 

on the Trinity Crescent HV system. The network model was exported by PowerOn, then manually enhanced with 

network impedances and ratings to enable convergence of load flow studies using Grid360.  
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The LV network model used is shown in Figure 18. 

 

 

 

 

 

 

 

 

[Figure 18 on the following page] 

 

 

 

 

 Trial 2 was the first demonstration of the ANM Test Harness on the LV Durnsford Road system. As PowerOn 

did not have an LV model, this was created manually by the project team. The trial introduced modelling of SOPs at 

low voltage and therefore included both active and reactive optimisation of the SOP set points, in addition to 

switching optimisation. Trial 2 was the first trial to include PED optimisation.  
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Figure 18: Durnsford Road LV network model created for Trial 2, including SOPs, LV circuit breakers and link box equipment 
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 Trial 3: Primary Connect 

Trial 3 demonstrated the Primary Connect solution, which involves controlled transfers between primary substations 

using an SPB to share load and optimise capacity.  

Trial 3 used feeders from both Trinity Crescent and Durnsford Road – the sites used in Trials 1 and 2 respectively. 

Feeder NW4 from Trinity Crescent and feeder E3 from Durnsford Road are connected via an 11kV NOP, as shown in 

Figure 19. The trial included an SPB installed at the NOP, and optimised real and reactive power flows across this 

device.  

 

Figure 19: Feeders from the Trinity Crescent and Durnsford Road feeder groups, which meet at an NOP and were used in Trial 3  

The objective of Trial 3 was to demonstrate: 

 Switching optimisation alongside SPB active power and reactive power optimisation 

 Independently performing active-only, reactive-only, and apparent (active and reactive) power optimisation 

 Bridging of two HV network areas with the SPB device 

 

Durnsford 

Road HV 

Substation 

Trinity 

Crescent HV 

Substation 

Normally Open 

Point (NOP) 

Position of the SPB 
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 Trial 4: Active Response 

Trial 4 investigated the use of all Active Response solutions as a whole, combining the functionality of the Active HV, 

Active LV, Primary Connect and Secondary Connect solutions. This trial included the use of the following components 

to optimise network operation: 

 HV network: RMU switches and SPBs 

 LV network: SOPs, LV feeder circuit breakers and link box switches  

Trial 4 used network across the Durnsford Road area NW feeder group (four feeders) joined by a feeder from Merton 

Primary. Feeders at Merton and Durnsford Road will be joined at a secondary substation via an SPB, as shown in Figure 

20. Trial 4 uses the same LV network model as Trial 2, which is supplied from Durnsford Road HV substation. 

 

Figure 20: Feeders from Durnsford Road and Merton Primary feeder groups, which meet at an NOP and were used in Trial 4 

Location of the SPB at 

Normally Open Point (NOP) 

between Durnsford Rd SW3 

and Merton NW1 

 

 Trial 3 was the first test of SPB PED optimisation with the ANM Test Harness. The SPB was set up to bridge- 

power the Trinity Crescent and HV Durnsford Road areas. The comparison of active-only, reactive-only and active 

and reactive optimisation was also investigated. 
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The objective of Trial 4 was to demonstrate: 

 Switching optimisation alongside SPB active and reactive power optimisation 

 Simulation of the full system area, including modelling LV networks alongside HV 

 Modelling of the SOPs and SPB 

 

7.3 Network data  

Each trial was carried out using the network data summarised in Table 5.  

Key Data Inputs to 
Model 

Input 
Method 

Input 
Source 

Description 
Trial 

1 
Trial 

2 
Trial 

3 
Trial 

4 

P CSV PI 
Timestamped real power 
analogue value  

   

Q CSV PI 
Timestamped reactive power 
analogue value  

   

Time stamp CSV PI 
Load data time and date, 
attached to every load profile 
attribute  

   

RMU switch 
normal position 

CIM PowerOn 
Normal position (open/close) 
for RMU switches  


  



LV NOP and 
switch position 

CIM PowerOn 
Location of NOPs and LV 
switches in LV model  

   

RMU control CSV PowerOn 
Indicates if an RMU has 
remote control capability  


  



SOP Control CIM PowerOn 
Simulated location and 
characteristics of the SOP 
device 

 





SPB Control CIM PowerOn 
Simulated location and 
characteristics of the SPB 
device  

  
 

Table 5:  Key data inputs for offline trials 

A description of the data collection and requirements is provided below.  

 Trial 4 was the culmination of all solutions and included each network area and all types of optimisation. It also 

included all the LV load data used for Trial 2, and the learning with respect to the challenges faced in Trial 2 fed into 

Trial 4. 
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 Trials Data Overview 

For the trials, network data and load data were extracted from UK Power Networks’ systems to populate the Grid360 

model and the ANM Test Harness.  

For Trial 1, the initial network data was exported from PowerOn in CIM format. However, as this tool is used for control 

purposes and does not have power flow analysis capability, the data did not contain all of the network asset attributes 

required for power flow analysis – notably, the impedance values of the linear network assets, switchgear ratings, load 

points, transformer impedances and tap changer settings. 

Data extracted from the network modelling tool, DPlan, was used to enhance the network data. This was achieved by 

converting the CIM into a CSV format and comparing it with the file extracted from DPlan. The two files were mapped 

using node and branch data, substation identification numbers and through visual inspection of the diagrams, accounting 

for inconsistencies between the diagrams. Once the files were matched, data could be integrated into the PowerOn file, 

which was then converted back to CIM format.   

As a result of the experience gained on Trial 1, and due to the need to include LV networks, the network data for Trials 

2, 3 and 4 was taken from DPlan only. This data was converted into a CIM file for use in the optimisation.  

In addition to the network data extracted from DPlan and used in enriching or constructing the CIM files, the following 

data was collected to enable operation of the commissioned ANM Test Harness: 

 Telemetry survey: The Telemetry survey identified the PI tags available for the online trials for each of the load 

points, i.e. the points in the ADMS that represent load with active and reactive power values. These points 
represent physical electrical loads in real life. Real power and reactive power tags were provided where 
available, otherwise current (amps) PI tags were used. The PI tags were initially identified in DPlan and checked 
against the PI Historian database 

 Switch survey: The switch survey identifies the HV and LV switches (disconnectors, circuit breakers and links) 
which can be controlled remotely. It also provides the normal status (open/closed) of the switch. (Note: the status 
is also included in the CIM data.) The remotely controllable HV switches were identified visually in PowerOn. All 
remotely controllable LV switches in the trial networks were to be installed as part of the project. The DPlan 
asset ID of these switches was matched visually against the proposed LV switches 

 PI Extract template: The PI Extract template provides the real and reactive power taken at each load point on 
the network model. For Trials 1 and 3, these were provided for each half-hour period of 2019. Because of the 
large number of load points in Trials 2 and 4, data was provided for selected weeks of the year  

o Trial 1 network: The Trial 1 network includes all loads connected to four specific HV feeders in the 
Trinity Crescent area. The load points on those feeders were at LV busbars at secondary substations, 
and HV supply points. Where a substation had network measurements in PI, this data was used for the 
load point, otherwise load data was estimated by sharing out unallocated load across the feeder. Where 
an HV supply point had a known Meter Point Access Number (MPAN), the data from DPlan subsystems 
was used for the load point. For periods with “corrupted data”, load was estimated using data from recent 
periods  

o Trial 3 network: The Trial 3 network includes two HV feeders, NW4 and E3, from the Trinity Crescent 
and Durnsford Road primary substations respectively. The secondary substation loads connected to 
these feeders were calculated using the same methodology as for Trial 1. However, to take account of 
the transformer loadings at Trinity Crescent and Durnsford Road, the loads on all other feeders at both 
substations were modelled as a single aggregated load connected to the substation busbars. The data 
for these load points was derived from network measurements from PI Historian 

o Trial 2 and 4 network: The Trial 2 and 4 network contains LV load points as well as HV load points, 
meaning load points are observed on both the 11kV and 400V networks. The HV load points were 
calculated using the same methodology as for Trials 1 and 3. Initially, the load on each LV feeder/cable 
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was measured based on the sum of the estimated load of the corresponding MPANs (using standard 
profile assumptions for non-half-hourly meters and the metered values for half-hourly meters)  

7.4 Conducting the Offline Trials 

This section describes the steps taken to perform operation of the Active Response software solution. The results from 

each step were assessed to refine operation and inform further development or changes. 

 Validating CIM Import into Grid360  

To ensure the systems can successfully operate using CIM, it was necessary to demonstrate the offline functionality 

such that the learnings from these trials can inform the online trial. The procedure for using CIM files in the offline trials 

is described below. 

 Preparation of CIM file for the trial network  

 Processing of the CIM file using Grid360 and validation check to ensure vital components are present, 
including: 

o Validation performed by a proprietary tool which issues an error message if any necessary 
components are missing for the mapping logic  

o Application of default configuration settings in some circumstances, e.g. line rating, impedance 
and optimisation default parameters  

o Processing of the CIM file to create a file in a data format for the Grid360 engine  

o Development of an extended CIM to model the PED devices, which are designed based on the 
manufacturer’s documentation  

 Implementing Optimisation in AMN Strata 

Test periods for all trials consisted of 30-minute time steps. For each time step, the following process was used to 

synthesise the optimisation on the system: 

1. ANM Strata compiles “current state” of network based on input data 

2. Grid360 runs a load flow analysis to verify current state and then runs the optimisation to calculate any 

switching actions or PED set points which could benefit the network 

3. ANM Strata updates the network state based on the suggested control actions 

4. Grid360 runs a second load flow to verify the updated network state 

5. ANM Strata compiles and reports results for the current time increment 

6. ANM Strata moves to the next time increment and compiles a new “current state” (back to step 1) 

This process is visualised in Figure 21. 

After all time increments in the test period have been exhausted, ANM Strata generates a full report on control actions, 

topologies, load flow/optimisation results, branch overloads, and bus violations for each time increment in the test period. 
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Figure 21: Test harness process diagram 
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8. Trial Results and Commentary 

As mentioned earlier, the main objective of the commissioned Active Response solutions is to minimise the level of 

network overload by reconfiguring the network topology and/or by utilising predetermined power flows through PED 

devices. This section examines the behaviour of the Active Response solutions implemented within the commissioned 

ANM Test Harness.  Please see Table 6 and the following pages for a summary of the key statistics and activities 

undertaken to ensure the simulation performed on the commissioned software was successful. 

 Trial 1 Trial 2 Trial 3 Trial 4 

Voltage 11kV 11kV and 0.4kV 11kV 11kV and 0.4kV 

Number of nodes ~400 ~2600 ~230 ~2600 

Number of loads 

simulated  
~150 ~1650 ~60 ~1700 

Telemetry (the number 

of optimisable loads)  

~50 loads 

(1 year’s worth 

of half-hourly P 

and Q data for 

every load point) 

~1800 loads 

(4 weeks’ worth of 

half-hourly P and Q 

data for every load 

point) 

~60 loads (1 year’s 

worth of half-hourly 

P and Q data for 

every load point) 

~1800 loads 

(4 weeks’ worth of 

half-hourly P and Q 

data for every load 

point) 

Execution time for 

1-week time series 

simulation 

2 hours 7 hours 45 minutes 7 hours 

Output file size for 

1-week time series 

simulation 

750kB 1100kB 750kB 1100kB 

Number of 1-day runs 61 24 0 15 

Number of 1-week runs 6 20 44 16 

Total time simulated ~100 days ~160 days ~300 days ~130 days 

Total computation time ~30 hours ~160 hours ~30 hours ~130 hours 

Table 6: Offline simulation activity summary 

 Number of nodes: the total number of electrical points in the model, where a node is defined as a point between 
at least two circuit elements. All electrical loads are nodes, but not all nodes are electrical nodes 

 Number of loads: how many loads (P and Q buses) are simulated in the load flow studies 

 Telemetry: the number of loads within the optimisable electrical area of the model 

 Time to simulate 1 week: the amount of time required to run a full time series simulation using one week’s 
worth of load profile 

 Output file size: the size of the file (or collection of files) produced upon completion of 1-week time-series 
simulation 

 Number of 1-day runs: the number of times the simulator was operated with one day’s worth of time-series 

load profile 

 Number of 1-week runs: the number of times the simulator was operated with one week’s worth of time-series 
load profile 

 Number of days simulated: the total number of days the simulator was operated with one day’s worth of time- 
series load profile 
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 Total computation time: the total amount of hours the simulator was operated to deliver the trial outputs 

This excludes the time needed to collate the input data, create the CIM files, and process and assess the results. To 

meet the high computational requirements, two servers were operated in parallel on several occasions. 

The following sections provide a detailed discussion on the results of the trials and output analysis. 

8.1 Trial 1 Implementation and Results 

 Objective Summary 

The objective of Trial 1 is to test the Active HV optimisation. Active HV aims to release network capacity by reconfiguring 

the HV network via the operation of HV RMU switches. The Active HV optimisation problem is outlined in Table 7 below. 

Objective Optimisation variables Constraints/Assumptions 

Uncover and use available 

network capacity to minimise 

cable overloads without having to 

upgrade the network 

infrastructure.  

In addition, the optimisation 

examines the voltage level of all 

network nodes and recommends 

reconfiguring the network to 

resolve voltage problems. 

 Remotely controllable HV 
RMU switches available in 
the optimisation area.  

 Any HV RMU switch with 
live-operational restriction 
can be excluded from the 
list of variables. 

 Cable segment capacities. The cable 
capacity values are embedded in the 
CIM file network model.  

 This section specifically excludes 
transformer capacities and assumes the 
transformers can serve the underlying 
load without any problems. 

 Fixed tap position for primary and 
secondary transformers.  

Table 7: Trial 1 objectives, optimisation variables, constraints and assumptions 

Initially, the Active HV optimisation was tested using data from the peak loading day of 2019 for the Trinity Crescent NW 

feeder group. This load scenario resulted in no recommended operational changes. The load profile input at this stage 

matched the existing load (i.e. the existing nominal load), therefore it was anticipated that no optimisation would be 

required. This is an indication that the current network design (including the network running arrangement and the 

equipment capacity) meets the requirements of the current load levels in this area. 

Although the outcome of the first run was positive from a network planning perspective, the current load levels did not 

result in any capacity violations, meaning the Active HV optimisation capability was not fully tested. To overcome this, 

synthesised load profiles were used to introduce network violations. The synthesised load scenarios used the base 

loading scenario, the peak day of 2019 in the Trinity Crescent area (referred to as Loading Scenario 1), to provide the 

load profile shape/trend. Nine more load profiles were created using the aforementioned Loading Scenario 1 as a base 

load and multiplying it with constant multipliers, from 2 up to 10 in steps of 1, to create the corresponding Loading 

Scenario 2 up to Loading Scenario 10.    

 

 

 In total, the simulator was operated for approximately 350 hours, which is equivalent to approximately 47 

working days or 9.5 working weeks (based on a business day of 7.5 hours).  
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The optimisation was successfully tested for all load scenarios except those listed below. 

 Load Scenario 1: As detailed, the base load (x 1 multiplier) produced no constraint violations and so the 
optimisation was not fully tested. 

 Load Scenarios 9 and 10: The “x 9 load profile” and the “x 10 load profile” resulted in no possible switching 
recommendations that would identify a better solution.  

 Trial 1 Test Harness Outputs  

For each optimisation scenario, the ANM Test Harness produced two output files per scenario, in CSV format then 

converted to XLSX format to make analysis easier. 

 Optimisation Summary: 

o Network, real and reactive, losses per time stamp, and a value for the ‘after optimisation’ quantities 
when any switching has taken place 

o Number of branch flow overloads and average branch flow overload per time stamp, and a value for the 
‘after optimisation’ quantities when any switching has taken place 

o Maximum and minimum bus voltages, number of bus voltage violations, and average bus overvoltage 
and under-voltage per time stamp, and a value for the ‘after optimisation’ quantities when any switching 
has taken place 

o Topology number; always start at 0 (which represents the normal running arrangement) and increments 
every time a new topology is used. This is a unique number for a topology within the optimisation run 
and will be used every time the corresponding topology is used 

o Diagnosis messages from the optimisation engine indicating either success or a problem that was 
encountered during the simulation 

o All of the above-mentioned quantities are logged against the corresponding time stamp 

 Topologies: 

o The status of every HV network switch against the corresponding time stamp and topology number  

o The status can be either “Open” or “Closed” 

o All of the above-mentioned quantities are logged against the corresponding time stamp 

 Simulated data (based on the 2019 demand) has been used to test the optimisation where loading increases 

above existing capacity.  

 Optimising based on historical load data from 2019 did not cause any overloading on the HV network as the 

existing capacity is designed to existing levels of demand. 
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In total, 20 documents of output results were produced by the test harness for the final run of the trial and assessed in 

order to perform the following analyses: 

 Optimisation analysis (before and after switching) 

 Topology performance analysis (i.e. examining the performance of every topology used) 

 Optimisation performance analysis 

 

 Optimisation Analysis  

The data analysis presented in this section examines the immediate effects of reconfiguring the 11kV network via the 

operation of remote controllable HV RMU switches. It should be noted that the optimisation allows the operation of two 

switches at a time; one switch will be closed and another will be opened. More than one pair of open/close 

recommendations will be considered before the go-live stage. 

Figure 22 summarises the operational performance of the optimisation. It shows the average extent to which each 

optimisation action9 resolved overloading on the network assets. For Loading Scenario 2 (2 x the base case loading), 

the optimisation actions resolved nearly 45% of overloading on the network before the optimisation action. 

Due to the nature of the available options, the idiosyncrasies of individual load nodes, and the arrangement of cable 

segments and their corresponding capacities, there is no direct relationship between the Load Scenario multiplier and 

the average resolved loads.  

Two points must be considered when analysing Figure 22: 

1) Optimisation aims to resolve overload conditions and voltage deviation problems. These two objectives can be 
conflicting, and resolving one might negatively affect the other. This can be seen when, on average, the 
optimisation increases the network overload, as in the case of load multipliers 5 and 6. 

2) The nature of the optimisation problem is non-linear and since the simulation uses a time-series load profile, as 
opposed to using single static load values, the behaviour of the simulator is “non-linear time variant”. This means 
that the optimisation solution depends on the initial conditions, previous actions and current overload values. 
Thus, the behaviour of the optimisation engine is not forecastable and can vary with any change introduced to 
the underlying variables. 

                                                      

 

9 Each time that optimisation resulted in a change in network topology. 
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Figure 22: Summary of Trial 1 analysis across Loading Scenarios 2 to 8, showing the average resolved and remaining overload 
after optimisation activities within each run.  

 

 

Figure 23 shows another important element of the simulation: the effect of changing the network configuration on the 

localised system losses.  It can be seen that the effect of Active HV optimisation on network losses is minimal. Different 

running arrangements and configuration topologies can result in a slight, insignificant change in network losses after 

optimisation. The results provided in Figure 23 are promising as they clearly show that there is an insignificant effect of 

optimisation on network losses – making the Active HV solution even more useful compared to cases where optimisation 

resolves network overloads but increases network losses. 
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 Figure 22 shows that the Active HV solution is capable of delivering benefits and resolving overload conditions. 

Although the load levels are synthetic, on average, the optimisation is still capable of finding extra network capacity 

and partially resolving overloads by releasing the unutilised capacity masked by the network running arrangement. 
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Figure 23: The effect of changing the network topology on network losses. The chart shows 
average changes  in network losses both before and after optimisation action 

 Detailed Analysis of Trial 1 Double Load Scenario 

As offline Trial 1 has 10 scenarios, producing a significant volume of data, a detailed explanation for the ‘double load’ 

scenario will be presented in this section. The results of analysing the remaining scenarios are not presented in this 

document.  

In the double load scenario, optimisation was capable of resolving, on average, 44.88% of the overloads at the time of 

the optimisation switching by moving an average of 114% of load (referenced to the total overload before optimisation) 

from one feeder to another every time a switching operation took place. 

The before and after switching analysis results are shown in Figure 24, Figure 25 and Figure 26. These figures show 

the amount of overload that was resolved by changing network topology.  

 Switching from Topology 0 to Topology 1: The first switching recommendation was initiated despite the fact 
that no overload conditions existed in the network. As mentioned earlier, this switching recommendation was 
triggered by voltage violations rather than an overloaded cable segment.  

 Switching from Topology 1 to Topology 2: Nearly 89% of the total 953kVA of overload was resolved by the 
switch from Topology 1 to 2.  

 Switching from Topology 2 to Topology 3: This switching recommendation resolved 64% of the overload.  

 Switching from Topology 3 to Topology 4: This switching recommendation did not improve the cable 

overloading conditions and was also only triggered by voltage violations. 
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 Switching from Topology 4 to Topology 5: Out of the 851kVA overload, this switching recommendation 
resolved 214kVA, leaving 537 unresolved.  

 

 

Figure 24: Double load scenario, resolved and remaining overload after optimisation (kVA) 

 

Figure 25: Double load scenario, resolved and remaining overload after optimisation (%) 
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 In the double load scenario, Active HV resolved approximately 45% on average (400kVA) of overloads by 

reconfiguring the HV network. The released spare capacity is equivalent to 57 standard EV chargers (see Figure 

24). 
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Figure 26: Double load scenario, overall simulation average resolved and remaining overload 

Figure 27 presents the change in losses after reconfiguring the network to resolve the overload and voltage problems. 

As previously mentioned, the effect of reconfiguring the network for networks losses is insignificant. 

 

Figure 27: Double load scenario, change in network losses after switching 

The above figures and explanations consider the cable overloading problem before and after a topology change. Every 

time the optimisation engine changes the running arrangement of the network a new topology is created and labelled. 
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engine. It is also important to understand what happens between changes in topology, including how long each of the 

topologies was in place. This is shown in Table 8. 

Topology Number Duration (h) 
Feeder from which 

load was moved 
Feeder to which 
load was moved 

Number of 
substations 

moved10 

0 12 - - 0 

1 2 NW4 NW1 2 

2 0.5 NW4 NW1 1 

3 1.5 NW1 NW3 1 

4 0.5 NW1 NW3 1 

5 7.5 NW4 NW1 1 

Table 8: Double load scenario, topology statistics 

The normal running arrangement (always identified as topology 0) lasted for 12 hours before the optimisation 

recommended a change. Referring to Figure 28, Figure 29, Figure 30, Figure 31 and Figure 32, the following can be 

deduced about different topologies: 

 For topology 0, there are six time stamps (i.e. three hours; time stamps are half-hourly and correspond to the 

half-hourly loading data extracted from the relevant UK Power Networks systems) with branch overflows 

o The maximum number of branch flow overloads during any half-hour time stamp is 10 

o The minimum number of branch flow overloads is 0; this is because there were no branch flow overloads 
for nine hours (i.e. 18 time stamps) of the total 12 hours (i.e. 24 time stamps) that topology 0 lasted for 

o The maximum total branch flow overload for topology 0 is 41.3MVA, which corresponds to 46.6% of the 
overloaded branches’ capacity 

 During topology 1, and after examining the minimum bus voltage of the network during each time stamp, it was 
found that: 

o The maximum lowest voltage measured in the network during the topology is 90% of nominal 

o The minimum lowest voltage measured in the network during the topology is 85% 

o The average lowest voltage measured in the network during the topology is 88% 

 During topology 2, there were no bus voltage violations 

The above list is not exhaustive. However, it highlights some interesting trends and should also be helpful in interpreting 

the figures. 

                                                      

 

10 “Number of substations moved” represents the number of HV (11kV) loads moved when the switching operation took place. 
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Figure 28: Double load scenario, number of time stamps with branch flow overload under particular network topology, and the 
minimum and maximum numbers of branch flow overloads in corresponding topology’s time stamps 

 

Figure 29: Double load scenario, total branch flow overload under particular network topology (kVA) 
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Figure 30: Double load scenario, branch flow overload under particular network topology 
referred to the capacities of the overloaded branches (%) 

 

Figure 31: Double load scenario, bus voltage (per unit) under particular network topology 
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Figure 32: Double load scenario, number of time stamps with bus voltage violations within the topology, and the minimum and 
maximum number of bus voltage violations in any one time stamp during the topology  

The network topologies used in the double load scenario are shown in Figure 33, Figure 34, Figure 35, Figure 36, Figure 

37 and Figure 38. These figures are a visual representation of how the topologies would be implemented in the live 

ADMS system in chronological order, and how loads/substations are moved from one feeder to another. 

The affected loads/substations are shown with red boxes. Switches that changed to the open position are shown with a 

yellow arrow pointing at a small yellow box inside the bigger red box.  Switches changed to the closed position are shown 

with a red arrow pointing at a small red box inside the larger red box. 

 

Figure 33: Topology 0 (note: this is an illustration only) – Trial zones and changes superimposed on PowerOn 
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Figure 34: Topology 1 (note: this is an illustration only) – Trial zones and changes superimposed on PowerOn  

 

Figure 35: Topology 2 (note: this is an illustration only) – Trial zones and changes superimposed on PowerOn  
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Figure 36: Topology 3 (note: this is an illustration only) – Trial zones and changes superimposed on PowerOn  

 

Figure 37: Topology 4 (note: this is an illustration only) – Trial zones and changes superimposed on PowerOn  
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Figure 38: Topology 5 (note: this is an illustration only) – Trial zones and changes superimposed on PowerOn  

 Software Performance 

This section examines the performance of the software from an operational, rather than a technical objectives, 

perspective.  Status messages are produced by the simulator as part of every time step’s data, to confirm load flow 

convergence before and after optimisation. The possible status messages are: 

 “Success”: produced when the optimisation engine finds a solution for the overload problem. This status 
message is usually accompanied by a set of switching recommendations 

 “Second load flow did not run: no switching actions recommended": produced when the optimisation 
engine cannot find a suitable solution to satisfy the objective using the available variables given the problem 
constraints. In this case, the simulation converges but no suitable solutions are found 

 “Second load flow did not run: optimisation did not converge”: produced when the optimisation engine 
encounters unexpected computational errors and the simulation for the corresponding time stamp does not 
converge. The engine will move to the next time stamp 

o As the optimisation engine utilises a number of non-linear open form equations to resolve the load flow, 
and since the load profiles are synthesised, the likelihood of non-convergence instances increases in 
proportion to the increase in the load 

The performance of the software against the load factor is shown in Figure 39. 
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Figure 39: Software performance vs. load multiplier 

 Validating Active HV in DPlan 

DPlan is the tool used by UK Power Networks’ engineers for network planning purposes. It is essential for ensuring that 

the results of the optimisation carried out by the Grid360 engine are replicable in the planning tool, as this will be the first 

step in evaluating whether the Active HV solution is capable of resolving network overloads without infrastructure 

upgrades. Trial 1 Load Scenario 3 was selected for this verification process, which focused on validating the network 

model itself and the results of the load flow analysis before and after switching operations had taken place. 

The Grid360 network model for Trial 1 was validated using DPlan as a reference. This validation was essential in 

ensuring that the Grid360 network model was interpreted correctly based on the data submitted. A number of issues 

were identified and rectified during the validation process, the most significant of which resulted in corrections to slack 

node modelling and tap changer target voltages at primary substations. 

DPlan was also used to validate the pre- and post-optimisation load flow conditions in order to compare the results to 

Grid360. The switching schedule proposed by Grid360 was manually emulated in DPlan and the equivalent branches 

identified as overloaded pre and post the recommended switch configurations. All discrepancies were attributed to minor 

differences in the network asset ratings due to differences in the PowerOn and DPlan network models, as explained in 

Section 7.3. 

 

 Managing the Anticipated EV Peaks with Active HV 

One of the current pressing issues facing our network is the high uptake of EVs. One of the reasons EVs are considered 

an issue is the fact that they are usually thought of as a peak demand that will occur at expected times during the day 

and night. Upgrading the infrastructure to supply these peaks is a costly solution and will result in a high level of 

underutilised network capacity when EVs are not charging. 
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 The planning tool, DPlan, was successfully used to validate the load flow analysis optimisation engine.  
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Given the relative simplicity of running the Active HV simulations on the designed test harness, the Active Response 

team has taken the opportunity to simulate plausible EV peaks and evaluated how Active HV could meet this type of 

peak demand and defer potential reinforcement. 

As with all Trial 1 simulations, the Trinity Crescent NW feeder group was used for this part of the simulation and the load 

profile manipulated. Two EV peaks were considered: 

 Between 9am and 11am: This assumes that employees drive to their workplace and plug in their EVs upon 
arrival.  It is assumed that all workplaces are equipped with EV charging points 

 Between 6pm and 9pm: This assumes that employees travel back home and plug in their EVs to charge 
overnight, peaking around the time specified above 

The evening EV peak coincides with the existing evening time peak, making loading higher between 6pm and 9pm. The 

existing infrastructure can contain the morning EV peak without the need for optimisation of network configuration. 

Please see Section 11.2 (Appendix B) for the load profile of this day and the simulated EV peak trends. 

The extra peaks were introduced as load surges on 12 December, the peak day of winter 2019. The load level at the 

specified hours was multiplied by 110%, 120%, 130%, 140%, 150%, 160%, 170% and 175% to demonstrate the 

solution’s capability to resolve challenging operability scenarios. Each multiplier formed an independent simulation 

scenario. 

It was found that the existing network infrastructure capacity of the Trinity Crescent primary NW feeder group could 

support up to the 150% simulated EV peak scenario without the need for network infrastructure upgrades. Utilising the 

current version of the Active HV solution can push this figure up to 160%. A summary of the 160% peak load scenario 

is shown in Table 9 and Table 10 below. 

Instance Number Time Stamp  Number of 

Resolved Buses 

Resolved Branch 

Overflow (A) 

Resolved Branch 

Overflow (%) 

1 12/12/2019 18:00 1 0.218827 100% 

2 12/12/2019 18:30 1 0.100317 100% 

3 12/12/2019 19:00 0 0.129392 87% 

Table 9: Summary of EV peak simulation – monitored branches 

Instance Number Time Stamp  Number of 

Resolved Buses 

Resolved Branch 

Overflow (kVA) 

Resolved Branch 

Overflow (%) 

1 12/12/2019 18:00 6 3683.783197 93.65% 

2 12/12/2019 18:30 15 4824.811226 80.03% 

3 12/12/2019 19:00 0 9.17417238 0.11% 

Table 10: Summary of EV peak simulation – unmonitored branches 

As can be seen in Table 9 above, the Active HV solution was capable of reconfiguring the network and addressing the 

overloaded monitored branches effectively, with a minimum of 87% resolution in the third instance and 100% in the other 

two instances. 

Moreover, as Table 10 demonstrates, Active HV was capable of addressing the unmonitored branches, albeit less 

effectively. The Active HV solution is sufficiently flexible where a user can specify the branches they are interested in 

monitoring and releasing the congestion for.  
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Finally, with the software enhancements suggested in Section 9.3, the solution can be improved to release even more 

capacity and support an even higher penetration of EVs, which will eventually support our Net Zero commitment. 

 

8.2 Trial 2 Implementation and Results 

 Objective Summary 

Trial 2 tested the behaviour of Active LV and Secondary Connect solutions and their combined ability to release network 

capacity or alleviate voltage issues by reconfiguring the LV network (using LV circuit breakers and link box switches) 

and altering real power and reactive power set points of SOPs. Table 11 describes the optimisation problem. 

Objective Optimisation variables Constraints/Assumptions 

Uncover and use available 
network capacity to minimise 
cable overloads without 
having to upgrade the 
network infrastructure using 
LV switches and SOP PEDs.  

The optimisation function also 
examines the voltage level of 
all network nodes included in 
the optimisation list and can 
issue recommendations to 
resolve voltage problems. 

 Real and reactive power set points for 
five SOP PEDs to facilitate the 
transfer of predetermined amounts of 
real and reactive power flows 
between the two or three 
corresponding electrical nodes. 

 The collection of remote controllable 
LV feeder circuit breakers 
(sometimes referred to as reclosers) 
and the remote controllable link box 
switches available in the optimisation 
area. Any remote controllable switch 
with live-operational restriction can be 
excluded from the list of variables. 

 The collection of cable segment 
capacities and network voltage 
levels. The cable capacity values 
are embedded in the CIM file 
network model. 

 The primary transformers are set 
to operate at a fixed tap position, 
i.e. automatic voltage regulation 
is disabled at the primary 
substation side. 

Table 11: Trial 2 objectives, optimisation variables, and constraints and assumptions 

 

 

 

 As shown in Table 6, the Trial 2 network has approximately 2,600 electrical nodes and 1,650 loads, making 

the network quite complex. Due to this complexity, the Trial 2 simulation used the peak day of every season to test 

the base case. The scenarios then evolved and used different load profiles as described in the next section. 

 Active HV resolved all overloads caused by simulated EV peaks up to 1 MVA in the Trial 1 four-feeder area –

equivalent to simultaneously connecting 142 additional EV charging points (7kW fast chargers). This could release 

approximately 4 MVA of spare capacity for the entire Trinity Crescent primary substation area. 
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 Trial 2 Test Harness Outputs  

Similar to Trial 1, the test harness produced three output files per scenario, in CSV format then converted to XLSX format 

to make analysis easier. These are described below. 

 Optimisation Summary: 

o Network, real and reactive, losses per time stamp, and a value for the ‘after optimisation’ quantities 

o Number of branch flow overloads and average branch flow overload per time stamp, and corresponding 
‘after optimisation’ values 

o Maximum and minimum bus voltages, number of bus voltage violations, and average bus overvoltage 
and under-voltage per time stamp, with the corresponding ‘after optimisation’ quantities 

o Diagnosis messages from the optimisation engine indicating either success or a problem that was 
encountered during the simulation  

o All of the above-mentioned quantities are logged against the corresponding time stamp 

 PED Set Points: 

o The real and reactive power set points for all terminals of the five participating SOPs. These also 
correspond to the power leaving/entering the SOP terminals in the load flow analysis 

o All of the above-mentioned quantities are logged against the corresponding time stamp and topology 
number 

 Topologies 

o The status of every LV network switch against the corresponding time stamp and topology number 

o The status can be either “Open” or “Closed” 

o All of the above-mentioned quantities are logged against the corresponding time stamp 

The following scenarios and optimisation approaches have been investigated in Trial 2. 

 Seasonal base load scenarios with reactive power followed by real power optimisation, with voltage regulation 
and switching: 

o Spring: full week load profile 

o Summer: full week load profile 

o Autumn: full week load profile 

o Winter: full week load profile 

 Different optimisation approaches, all with winter peak day load: 

o No optimisation 

o Real power optimisation with switching 

o Reactive power optimisation with voltage regulation and switching 

o Reactive power followed by real power optimisation, with voltage regulation 

In total, eight different scenarios were simulated and 24 output files were produced by the test harness for the final run 

of the trial. 
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 Optimisation Analysis  

The base load scenarios of Trial 2 did not have any active power dispatch actions or switching actions to alleviate 

overloads or voltage violations. This outcome is due to one of four possible reasons, as explained below. 

 SOP PED location: With five SOP PEDs installed on the network, the distance between the SOP PEDs and 
any overloads may reduce the sensitivity of the device to the violations such that SOP PED actions would not 
alleviate the overload. SOP PED locations should be carefully considered based on historical and potential 
overloaded scenarios. 

o Additionally, the Trial 2 network consisted of 16 different islands. This means that for each overload, 
there is a chance that there are no SOP PEDs on the same island that could possibly alleviate it 

 Overload severity: Branch overloads are defined as flows above 100% of the conductor rating. However, the 
SOP PEDs during this simulation were set to ignore overloads below 101% of the conductor rating, as these 
overloads do not justify real power optimisation actions. For this reason, several reported overloads were ignored 
by the SOP PED optimisation. 

 SOP PED optimisation area: The optimisation function only considers branch overloads on the monitored 
branches list. This list is intended to cover all branches in the feeders under study. Certain branch objects were 
excluded, including branches from other feeders not studied, switches modelled as branches, and certain power 
transformers that accompany high-voltage slack buses. 

o For the purpose of the offline simulations, the list of monitored branches was manually prepared. The 
manual process is prone to human error, which may have resulted in some branches being marked as 
excluded rather than included.   

 Voltage alleviation: Voltage violations may be alleviated by reactive power voltage regulation actions, and an 
indirect result is the alleviation of branch overloads such that they no longer need to be solved with PED actions, 
or such that they fall into one of the three previous categories. 

In general, the Trial 2 scenarios did not have many overloads to alleviate. 

Table 12 presents a summary of network performance during each season after optimisation. 

 Metric Winter Spring Summer Autumn 

% Periods with Overloads 31% 3% 0% 1% 

Average Total Overload (kVA) 244.64 126.74 0.00 121.81 

% Periods with Voltage Violations 100% 100% 100% 100% 

Average Total Voltage Violation (p.u.) -0.046 -0.050 -0.052 -0.050 

Minimum Voltage 0.83 0.84 0.86 0.86 

Table 12: Trial 2 network performance after optimisation 

It should be noted that the optimisation mode for the results shown in Table 12 is the reactive power followed by real 

power optimisation, with voltage regulation. 

This caused voltage to rise in the locations surrounding the SOP PEDs – especially at the neighbouring buses, which 

consistently had a higher voltage than the second buses away from the SOP PEDs. However, these reactive power 

dispatching SOP PEDs were not enough to rectify some of the lower voltages on the system. Additionally, the voltage 
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would not have been this low had the automatic voltage regulation at the primary transformers’ side been set to automatic 

regulation mode. 

 

 

 

 

 Performance of the Different Optimisation Approaches 

This section examines the performance of the different optimisation modes described earlier and uses the peak load 

day of the year for this purpose. 

Just like in the seasonal results, no real power optimisation or switching actions took place. Therefore, the ‘reactive 

power optimisation with switching’ and ‘real and reactive power optimisation with switching’ approaches have results 

close to the base load scenario results. Likewise, the ‘real power optimisation with switching’ approach has identical 

results to the ‘no PED optimisation’ base case. To briefly summarise the impact on system voltage of reactive 

optimisation with voltage regulation and switching, Table 13 highlights the minimum and maximum voltage of each 

optimisation configuration. 

  Real Power 

Optimisation 

with Switching 

Reactive Power 

Optimisation 

with Switching 

Real and 

Reactive Power 

Optimisation 

with Switching 

Normal 

Condition Under 

No Optimisation 

Minimum Voltage (p.u.) 0.826 0.822 0.822 0.826 

Maximum Voltage (p.u.) 1 1.008 1.008 1 

Table 13: Summary of the network voltage profile in all different optimisation approaches  

Table 13 shows that the presence of reactive power optimisation slightly increases the maximum voltage on the network. 

It also slightly reduces the minimum voltage on the network; this is likely to be because the additional reactive power 

injection increases the current on the system, and some voltages further down the feeders are affected. 

These buses, where the voltage drops, are not designated as monitored buses and therefore are not considered by the 

optimisation process. The monitored buses are similar to the monitored branches discussed earlier, in that the 

optimisation will only consider violations to these buses. The result shown in this trial highlights the need to provide a 

comprehensive list of buses to monitor for voltage violations, so that the system voltage is supported across the network. 

8.3 Trial 3 Implementation and Results 

Trial 3 examines the use of SPB PEDs at the HV network and therefore focuses on testing the Primary Connect 

optimisation method of the Active Response project. 

 Despite the low number of control actions and the low minimum voltage, reactive power was dispatched to 

regulate voltage to the extent to which this was possible. In fact, two SOP PEDs in the system were dispatching 

reactive power at their maximum rating for the duration of the simulation, with two more SOP PEDs dispatching 

the maximum rated reactive power through only one of their two terminals.  
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 Objective Summary 

The objective of Primary Connect is to release network capacity by utilising controlled power transfer between two 

primary substations connected via an SPB PED. The Primary Connect optimisation problem is outlined in Table 14 

below. 

Objective Optimisation variables Constraints/Assumptions 

Uncover and use available 
network capacity to minimise 
cable overloads without 
having to upgrade the 
network infrastructure. 

 Real and reactive power set points 
used by the SPB to facilitate the 
transfer of predetermined amounts 
of real and reactive power flows 
between the two corresponding 
electrical nodes. 

 The collection of cable segment 
capacities. The cable capacity values 
are embedded in the CIM file network 
model. 

 The primary transformers are set to 
operate at a fixed tap position, i.e. 
automatic voltage regulation is disabled 
at the primary substation side. 

Table 14: Trial 3 objectives, optimisation variables, and constraints and assumptions 

The Trial 3 simulation used one week of load profile from every season; four different week profiles in total. 

 Trial 3 Test Harness Outputs  

Similar to Trial 1, the test harness produced two output files per scenario, in CSV format then converted to XLSX format 

to make analysis easier. These are described below. 

 Optimisation Summary: 

o Network, real and reactive, losses per time stamp, and a value for the ‘after optimisation’ quantities 

o Number of branch flow overloads and average branch flow overload per time stamp, and corresponding 
‘after optimisation’ values 

o Maximum and minimum bus voltages, number of bus voltage violations, and average bus overvoltage 
and under-voltage per time stamp, with the corresponding ‘after optimisation’ quantities 

o Topology number; always indicating 0 which refers to the normal running arrangement of the network. 
This never changes in Trial 3 as there are no scenarios that require switch operations 

o Diagnosis messages from the optimisation engine indicating either success or a problem that was 
encountered during the simulation 

o All of the aforementioned quantities are logged against the corresponding time stamp 

 PED Set Points: 

o The real and reactive power set points for both terminals of the SPB. These also correspond to the 
power leaving/entering both terminals of the SPB in the load flow analysis 

o The voltage and phase angles of both SPB terminals 

o The voltage and phase angles of the (two) electrical nodes directly adjacent to each of the SPB terminals 

o All of the above-mentioned quantities are logged against the corresponding time stamp 
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The following scenarios and optimisation approaches have been investigated in Trial 3: 

 Weekly seasonal load profile: 

o Spring: one week’s worth of load profile 

o Summer: one week’s worth of load profile 

o Autumn: one week’s worth of load profile 

o Winter: one week’s worth of load profile 

 Different optimisation approaches: 

o Real power optimisation 

o Real power optimisation with voltage regulation 

o Reactive power optimisation with voltage regulation 

o Reactive power followed by real power optimisation, with voltage regulation 

In total, 16 different scenarios were simulated and 32 output files were produced by the test harness for the final run of 

the trial. 

It should be noted that the physical SPB hardware will only support real power optimisation mode on the live network – 

i.e. the real and reactive power entering one terminal will exit the other one, as opposed to the real power entering one 

terminal and exiting the other whilst the reactive power can freely flow. Nonetheless, the optimisation modes were 

simulated to study the benefits these can offer should the hardware be upgraded to support them in the future. 

 

As shown in Figure 40, these 16 scenarios can be explored using the corresponding PowerBI controls, and the analysis 

of the different types of data can be navigated through the left-hand side section. The different analysis pages are 

described below. 

1. PED: examines the SPB set points and correspondingly the power that flows through the SPB’s terminals 

2. V T&2ndT: examines the voltage levels and phase angles of the PED terminals and the adjacent electrical 
nodes; supports analysis of the reactive power flows 

3. V T1&T2: examines the voltage levels and phase angles of both the PED terminals 

4. Stress Results: examines the number of flow overloads before and after the set point optimisation has taken 
place 

 To facilitate analysis, a dashboard that visualises the results was developed in Microsoft PowerBI that allows 

easy navigation between the 16 scenarios. This dashboard is shown in Figure 40.  
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Figure 40: Trial 3 visualisation dashboard in PowerBI 

 Optimisation Analysis 

This section summarises and examines the performance of the SPB PED in all 16 scenarios. These results are shown 

in Table 15. Table 16, on the other hand, shows the source of overload after optimisation, which can either occur naturally 

or be introduced by the SPB. 

The SPB can introduce overloads when performing voltage regulation or reactive power optimisation. The initial 

deployment optimises network performance against the following objectives, in order of priority: 

 Optimisation Objective 1: Voltage level regulation 

 Optimisation Objective 2: Reactive power optimisation 

 Optimisation Objective 3: Real power optimisation 

Voltage regulation takes priority because it is considered one of the vitals for healthy operation of the SPB; the controlled 

voltage in this case is the voltage at both terminals of the SPB. Naturally, voltage regulation and reactive power 

optimisation are highly correlated as per the Jacobian matrix formed when solving the load flow problem: 

 

[

𝜕𝑃

𝜕𝛿

𝜕𝑃

𝜕𝑉
𝜕𝑄

𝜕𝛿

𝜕𝑄

𝜕𝑉

] 

Equation 1: Jacobian matrix for power flow solution 

Where: 
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- P is the real power components of the problem 

- Q is the reactive power components of the problem 

- δ is the busbar (electrical node) power angle 

- V is the busbar (electrical node) voltage level 

The optimisation engine uses a ‘Full Newton-Raphson’ approach to solve the power flow problem. However, since there 

is a high correlation between the P and δ, and a high correlation between Q and V (i.e. the relationship between P and 

V is much less important, and the relationship between Q and δ is much less important), other optimisation engines use 

a ‘decoupled’ approach and ignore the much less important relationships. 

The current that flows through the electrical conductors can be numerically described as: 

𝐼 =  𝐼𝑃 + 𝑗𝐼𝑄 

Equation 2: Electrical current real and reactive components 

Where: 

- I is the apparent current flowing through the conductor 

- IP is the real power component of the current flowing through the conductor 

- IQ is the reactive power components flowing through the conductor 

- j is the square root of -1 (√−1) 

Using both Equation 1 and Equation 2, it can be seen that altering the voltage, and therefore changing the reactive 

power component of the electrical current, has the potential to release congestion. In other words, sourcing reactive 

power locally or making the power factor unity releases extra capacity in the network. 

Table 15 shows the performance of the Primary Connect optimisation in all scenarios. 

Season Optimisation Mode 

P = Real Power,  

Q = Reactive Power,  

V. reg = with voltage regulation 

No. Branch 

overload before 

optimisation 

No. Branch 

overload after 

optimisation 

Net resolved 

overload by SPB 

Spring P optimisation 0 0 0 

P optimisation with V. reg 57 56 1 

Q optimisation with V. reg 100 11 89 

Q then P optimisation, with V. reg 100 11 89 

Summer P optimisation 0 0 0 

P optimisation with V. reg 164 163 1 

Q optimisation with V. reg 114 11 103 

Q then P optimisation, with V. reg 114 11 103 

Autumn P optimisation 0 0 0 

P optimisation with V. reg 31 27 4 

Q optimisation with V. reg 92 10 82 

Q then P optimisation, with V. reg 92 10 82 

Winter P optimisation 2 0 2 

P optimisation with V. reg 11 6 5 
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Q optimisation with V. reg 56 67 -11 

Q then P optimisation, with V. reg 35 67 -32 

Table 15: Summary of SPB optimisation performance in all scenarios 

 

The main observations from Table 15 are set out below. 

 Real power optimisation mode is only functional in the winter season. The reason is that with the network normal 
running arrangement, no branch flow overloads occur except in the winter season, as it is the peak load season 
in the United Kingdom. 

 The amount of net resolved overloads by the SPB in the real power optimisation with voltage regulation mode 
is generally lower than the other optimisation modes. This is because the analysis captured branch flow 
overloads specifically introduced because of the voltage regulation element, as shown in Figure 41 and Figure 
42.  

o These two figures show that a significant amount of reactive power is conducted by the SPB for 
optimisation purposes. The reactive power flowing through terminal 2 of the SPB (the Durnsford Road 
side) is in the region of 1kVAr to 2kVAr, while the reactive power flowing through terminal 1 of the SPB 
(the Trinity Crescent side) has higher hysteresis and oscillates between 1kVAr and 5kVAr. 

o It can be seen that the reactive power flowing through terminal 1 (the Trinity Crescent side) looks like a 
load profile. The reason is that the electrical distance between the SPB’s terminal 1 and the 11kV Trinity 
Crescent busbars is very small, therefore the SPB is very sensitive to the voltage changes at the Trinity 
Crescent 11kV busbars. It should be noted that the tap changers at Trinity Crescent 11kV busbars are 
set to fixed tap and no automatic voltage regulation is present there. Should automatic voltage regulation 
have been active, the amount of reactive power flowing through the SPB’s terminals would have been 
smaller. 

 The net resolved branch flow overloads by the SPB in the winter season – when reactive power compensation 
is enacted – are negative. This means that the SPB has introduced more overloads, captured by the analysis, 
compared to the ones resolved by the SPB. Table 16 and the accompanying notes explain this more fully. 

 It can be seen from Table 15 that in most scenarios the SPB is capable of resolving a significant volume of 

overloads.  



Active Response  
Project Deliverable 4 – Learning from commissioning and operation of Active Response 

software solution tools 

 

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 65 of 85 

 

 

Figure 41: SPB power flow in the real power optimisation with voltage regulation optimisation mode – winter  

 

 

Figure 42: SPB power flow in the reactive power with voltage regulation optimisation mode – winter 
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Season Optimisation Mode 

P = Real Power,  

Q = Reactive Power,  

V. reg = with voltage regulation 

No. Branch 

overload after 

optimisation 

Introduced by 

SPB 

Occurred 

Naturally 

Spring P optimisation 0 0 0 

P optimisation with V. reg 56 6 50 

Q optimisation with V. reg 11 6 5 

Q then P optimisation, with V. reg 11 6 5 

Summer P optimisation 0 0 0 

P optimisation with V. reg 163 10 153 

Q optimisation with V. reg 11 9 2 

Q then P optimisation, with V. reg 11 9 2 

Autumn P optimisation 0 0 0 

P optimisation with V. reg 27 2 25 

Q optimisation with V. reg 10 7 3 

Q then P optimisation, with V. reg 10 7 3 

Winter P optimisation 0 0 0 

P optimisation with V. reg 6 1 5 

Q optimisation with V. reg 67 51 16 

Q then P optimisation, with V. reg 67 49 18 

Table 16: After optimisation overload source 

With reference to Table 16, it is evident that when the SPB starts providing voltage support and reactive power 

optimisation, the below observations can be made. 

 More overload counts are observed. This is expected as the reactive power flowing through the SPB is added 
on top of the load (in some instances, however, it can also subtract from the load). 

 Branch overloads introduced by the SPB are overloads that occurred directly when the SPB changed its set 
points as instructed by the optimisation engine. In this case, the optimisation engine prioritised voltage regulation 
and consequently caused more branch flow overloads. 

 The overloads that occurred naturally are those that would not have occurred had the SPB not performed any 
reactive power optimisation or any voltage regulation operations in the current or the previous time steps. These 
occurrences happen as the load level changes, rather than as the SPB set points change. 

 Real Power Optimisation 

Real power optimisation is the only optimisation mode currently supported by the SPB PED. Out of the four seasonal 

scenarios, capacity violations only occurred in the winter season load profile. Therefore, the SPB real power optimisation 

was only operational in the winter season. 

The SPB transferred power from terminal 2 (the Durnsford Road primary side) to terminal 1 (the Trinity Crescent primary 
side) in the winter season, as shown in Figure 43. The SPB continuously transferred 275kW for about four days, resolving 
some of the overload problems, as shown in Table 17. 

 

 

 



Active Response  
Project Deliverable 4 – Learning from commissioning and operation of Active Response 

software solution tools 

 

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 67 of 85 

Stage Number of Branch Flow Overloads 

Before Optimisation 2 

After Optimisation 0 

 
Table 17: Trial 3 real power optimisation – Winter scenario: SPB before and after optimisation branch flow overloads 

Table 18 summarises all the load flow violations encountered in the real power optimisation – the winter scenario. The 

SPB was capable of resolving the two violations and releasing a total of 278.82kW (equivalent to the consumption of 

approximately 80 domestic users, each with a peak demand of 3.5kW).  

 

Time Stamp Total Branch 

Flow Overload 

Total Network 

Load 

Lasted for Status 

17/01/2019 10:00 171.62 kVA 64.23 MVA One time stamp 

(30 minutes) 

Resolved by SPB 

optimisation 

17/01/2019 10:30 107.2 kVA 61.26 MVA One time stamp 

(30 minutes) 

Resolved by SPB 

optimisation 

Table 18: Trial 3 real power optimisation – Winter scenario: summary of branch flow overloads 

 

Figure 43: SPB power flow – Winter real power optimisation scenario 

 

 

 The SPB was capable of resolving the two instances of branch flow overloads that occurred in the winter by 

transferring real power from Durnsford Road primary to Trinity Crescent primary.  
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8.4 Trial 4 Implementation and Results  

Trial 4 aims to test the behaviour of all Active Response solutions working together simultaneously. Active HV is the part 

of the solution where the optimisation reconfigures the HV network by operating HV RMU switches. Active LV is the part 

of the solution where the optimisation reconfigures the LV network using LV circuit breakers and link box switches. 

Secondary Connect and Primary Connect utilise SOP and SPB PEDs respectively to connect two or three electrical 

nodes together in a controlled way. All of these, working together, have the same key objective of releasing network 

capacity. 

 Objective Summary 

The objective of Active Response is to release network capacity by reconfiguring the HV network via the operation of 

HV RMU switches, reconfiguring the LV network (using LV circuit breakers and link box switches) and altering real power 

and reactive power set points of SOPs, and utilising controlled power transfer between two primary substations 

connected via an SPB PED by changing the SPB’s set points. The Active Response optimisation problem is outlined in 

Table 19 below. 

Objective Optimisation variables Constraints/Assumptions 

Uncover and use 

available network 

capacity to minimise 

cable overloads 

without having to 

upgrade the network 

infrastructure. 

 Real and reactive power set points used by the 
SPB to facilitate the transfer of predetermined 
amounts of real and reactive power flows 
between the two corresponding electrical nodes 
(Primary Connect). 

 Real and reactive power set points for five SOP 
PEDs to facilitate the transfer of predetermined 
amounts of real and reactive power flows between 
the two or three corresponding electrical nodes 
(Secondary Connect). 

 The collection of remote controllable HV RMU 
switches available in the optimisation area. Any 
HV RMU switch with live-operational restriction 
can be excluded from the list of variables (Active 
HV). 

 The collection of tele-controllable LV feeder 
circuit breakers (sometimes referred to as 
reclosers) and the tele-controllable link box 
switches available in the optimisation area. Any 
tele-controllable switch with live-operational 
restriction can be excluded from the list of 
variables (Active LV). 

 The collection of cable segment 
capacities. The cable capacity values 
are embedded in the CIM file network 
model. 

 The primary transformers are set to 
operate at a fixed tap position, i.e. 
automatic voltage regulation is 
disabled at the primary substation 
side. 

Table 19: Trial 4 objectives, optimisation variables, and constraints and assumptions 

 As shown in Table 6, the Trial 4 network has approximately 2,600 electrical nodes and 1,700 loads, making 

the network quite complex.  Due to this complexity, the Trial 4 simulation used the peak day of every season to test 

the base case. The scenarios then evolved and used the peak day of the winter season, as described in the next 

section. 
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 Trial 4 Test Harness Outputs  

Similar to all previous trials, the test harness produced three output files per scenario, in CSV format then converted to 

XLSX format to make analysis easier. 

 Optimisation Summary: 

o Network, real and reactive, losses per time stamp, and a value for the ‘after optimisation’ quantities 

o Number of branch flow overloads and average branch flow overload per time stamp, and corresponding 
‘after optimisation’ values 

o Maximum and minimum bus voltages, number of bus voltage violations, and average bus overvoltage 
and under-voltage per time stamp, with the corresponding ‘after optimisation’ quantities 

o Diagnosis messages from the optimisation engine indicating either success or a problem that was 
encountered during the simulation  

o All of the aforementioned quantities are logged against the corresponding time stamp 

 PED Set Points: 

o The real and reactive power set points for all terminals of the five participating SOPs. These also 
correspond to the power leaving/entering the SOP terminals in the load flow analysis 

o All of the above-mentioned quantities are logged against the corresponding time stamp and topology 
number 

 Topologies 

o The status of every LV network switch against the corresponding time stamp and topology number 

o The status can either be “Open” or “Closed” 

o All of the above-mentioned quantities are logged against the corresponding time stamp 

The following scenarios and optimisation approaches have been investigated in Trial 4. 

 Seasonal base load scenarios with real power optimisation and switching: 

o Spring: full week load profile 

o Summer: full week load profile 

o Autumn: full week load profile 

o Winter: full week load profile 

In total, four different scenarios were simulated and 12 output files were produced by the test harness for the final run of 

the trial. 

 Optimisation Analysis   

In Trial 4, the PEDs (five SOPs and one SPB) were only engaged in real power optimisation mode. The reason for this, 

as explained in the Trial 3 analysis, is that the SPB PED can only operate in real power optimisation mode. Reactive 

power optimisation in the optimisation engine is coupled with the voltage regulation function, and on the live network the 

SPB cannot deliver voltage regulation. Therefore, Trial 4 only considered real power optimisation without voltage control. 

It should be noted that the SPB and the SOP models are implemented similarly in the optimisation engine and if we 

disable the voltage regulation function for the SPB, the same function will be automatically disabled for the SOP.  



Active Response  
Project Deliverable 4 – Learning from commissioning and operation of Active Response 

software solution tools 

 

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 70 of 85 

During normal operation of the Trial 4 system, there were no active power dispatch actions to alleviate overloads or 

voltage violations. The potential categories of justification for this behaviour are identical to those discussed for Trial 2 

in Section 8.2.3. 

While there were some branch overloads during the Trial 4 simulation, these were overshadowed by voltage issues seen 

on the network. Because reactive optimisation was disabled for this trial, switching actions were necessary to alleviate 

these violations. 

Two switching actions were enacted over the course of the four season studies; one during the summer simulation and 

one during the autumn simulation. 

8.4.3.1 Switching Action Analysis 

8.4.3.1.1 Summer Switching Action 

A single switching action took place during the summer simulation, on 15 August 2019 at 2pm. This switching action 

occurred in response to a severe under-voltage event, where 2,766 buses saw an under-voltage averaging 0.098 p.u. 

A summary of these results is shown in Table 20. 

 

No. of 

Overloads 

Total 

Overload 

(kVA) 

Mean 

Overload 

(%) 

No. of 

Voltage 

Violations 

Average 

Voltage 

Violation 

(p.u.) 

Minimum 

Voltage 

(p.u.) 

Before Optimisation 0 0 0 2766 -0.098 0.79 

After Optimisation 0 0 0 16 0.013 0.93 

Table 20: Summer switching action effect on voltage 

After the switching action, there were only 16 buses with under-voltage issues, and the minimum bus voltage increased 

from 0.79 p.u. to 0.93 p.u. 99% of the voltage problems were solved with one switching action. 

8.4.3.1.2 Autumn Switching Action 

A single switching action took place during the autumn simulation, on 11 October 2019 at 1pm. Exactly like the switching 

action in the summer simulation, this occurred in response to a severe under-voltage event, where 2,766 buses saw an 

under-voltage averaging 0.113 p.u. The switches that opened and closed were also exactly the same as those in the 

summer switching simulation. A summary of these results is shown in Table 21. 

 

No. of 

Overloads 

Total 

Overload 

(kVA) 

Mean 

Overload 

(%) 

No. of 

Voltage 

Violations 

Average 

Voltage 

Violation 

(p.u.) 

Minimum 

Voltage 

(p.u.) 

Before Optimisation 0 0 0 2766 -0.113 0.73 

After Optimisation 0 0 0 40 0.014 0.89 

Table 21: Autumn switching action effect on voltage 

As this was the same switching action under similar voltage issues, the same scenario repeats itself from summer. 
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 Winter and Spring Analysis 

The winter and spring simulations feature similar voltage issues on the same number of buses (2,766), but neither 

season featured any switching actions. This is because there were no valid switching configurations or PED set points 

that could avoid causing system overloads and also alleviate the voltage issues. It is important to note that while there 

were up to 2,766 bus violations, the optimisation only considers monitored buses for their voltage violations, as discussed 

in Trial 2. 

Further investigation of the trade-offs between alleviating voltage issues and causing branch violations should be carried 

out. One may deduce that a switching action may have significantly benefited the voltages of the Winter and Spring 

simulations, and that some small branch overloads could possibly be accepted in order to do so. This type of decision 

is something that should be better modelled when formulating the problem. 

 Statistics for the Overall Trial 4 Performance 

Table 22 displays statistics regarding the Trial 4 simulations: 

Metric 

Summer 

Topology 

0 

Summer 

Topology 

1 

Autumn 

Topology 

0 

Autumn 

Topology 

1 

Winter 

Topology 

0 

Spring 

Topology 

0 

% Periods with Overloads 0% 54% 2% 50% 31% 3% 

Average Total Overload 0.00 636.41 121.81 672.02 244.64 126.74 

% Periods with Voltage Violations 80% 31% 86% 54% 100% 100% 

Average Total Voltage Violation -0.032 -0.005 -0.030 -0.006 -0.018 -0.014 

Minimum Voltage 0.83 0.93 0.78 0.89 0.83 0.82 

Table 22: Performance statistics of Trial 4 

 

Additionally, the above-mentioned overloads appeared on branches that were not in the monitored branches list and 

therefore the optimisation problem was not constrained by them. This highlights the need to maintain a thorough list of 

monitored branches to avoid the introduction of overloads through switching or PED actions. 

  

 The statistics in the above table demonstrate that the switching optimisation has been effective in improving 

the system’s voltage level. However, there were overloads that appeared after the switching actions in the Summer 

and the Autumn simulations which were not solved by a second switching action. In reality, the automatic voltage 

regulation at the 11kV busbars will be operational and the voltage level across the whole network should be within 

limits. Therefore, in real life, the Active Response solution should be in a better position to resolve overloads.  
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 The Effect of Increasing the Sensitivity of the Optimisation function 

In order to better understand the behaviour of Active Response, Trial 4 was repeated with increased sensitivity to branch 

flow overloads. In the original run, the sensitivity was set to 50 kW. The spring scenario of Trial 4 was re-simulated with 

a sensitivity of 50W – 1,000 times higher sensitivity. The results are shown in Table 23. 

Instance 

Number 
Time Stamp Active LV 

Secondary 

Connect 

Resolved 

Branches 

Resolved 

Overload 

(kVA) 

Resolved 

Overload (%) 

1 02/04/2019 

03:00 

Yes No 6 245.46 100.00% 

2 02/04/2019 

05:30 

Yes No 4 535.30 27.34% 

3 04/04/2019 

01:30 

Yes No 5 2314.59 100.00% 

4 05/04/2019 

11:30 

Yes Yes 2 485.78 43.87% 

5 05/04/2019 

13:30 

No Yes 0 5.22 0.50% 

6 05/04/2019 

17:00 

No Yes 0 110.40 25.53% 

7 05/04/2019 

17:30 

Yes No 9 380.25 100.00% 

Table 23: Trial 4 optimisation actions with increased (50W) sensitivity 

The data in Table 23 shows a significant improvement in performance of the solution. 

The Active LV solution operated solely in four instances – 1, 2, 3 and 7. In three out of the four instances, Active LV was 

capable of resolving all overloads, releasing 245kVA, 2300kVA and 380 kVA respectively. 

On the other hand, the Secondary Connect solution operated solely in instances 5 and 6, and was capable of resolving 

5kVA and 110kVA respectively. Examining the corresponding SOP set points, it was seen that in instance 5 one SOP 

reduced the real power it was conducting from 126.8kW to 99.7kW, resulting in the 5.22kVA overload release. In instance 

6, the Secondary Connect operation was capable of resolving 110.4kVA, equivalent to 25.53% of the total overload. 

While this appears a low resolution number, it is significant for two reasons: 

 The maximum power that can be transferred by a SOP PED is 240kVA 

 On average, the load moved from one feeder to another is higher than the amount of resolved overload 

The main lesson here is that ‘Switching Optimisation’ has wider effects compared to ‘PED Optimisation’, which has more 

of a local effect. This means that when planning a solution to resolve overload issues using Active Response, one could 

consider prioritising ‘Switching Optimisation’ as a wide solution and then address any local residual congestions using 

‘PED Optimisation’. Moreover, the effectiveness of ‘PED Optimisation’ relies heavily on the location of the PED itself. 
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9. Recommendations for Live System Deployment and Live Trials 

The main objective of Deliverable 4 is to test operation of the commissioned Active Response solution in order to facilitate 

its deployment onto the live network. The live Active Response system is shown in Figure 44. Though simplified, it is still 

a complex system and relies heavily on data exchange and communication protocols. The following sections provide 

recommendations for each part of the live system that are vital to enable a successful live deployment of Active 

Response. 

Active Network Management System Advanced Distribution 
Management System

PowerOn (Fusion/Advantage)
 Real time connectivity to field 

equipment
 Connectivity to PI historian
 Automation (APRS, PORT, etc.)
 Real time control

Grid 360 Optimisation Engine
 AR Algorithms
 Load Flow
 Fault Level
 State estimation

Strata
 Overall ANM supervisory duties
 Connection to live system
 Enacting of services (such as 

Grid360

API

ICCP

Field Remote Terminal Units (RTU)
 Data collection and aggregation
 Connectivity to ADMS
 Field device systematic polling
 Unsolicited message responses 

from both ends

DNP3

Active Response Field Devices
 PEDs, LV CBs
 DNP3 slaves
 Unsolicited message initiation 

and threshold

Active Response Field Devices
 Link box switches
 Link box monitors
 Internal software RTU

DNP3

DNP3

Harmonised Network Model
 CIM format
 Comprehensive network 

information

 

Figure 44: Live Active Response System 

9.1 Network Model 

The offline trials proved that the Active Response system not only relies on an accurate network model but also requires 

interoperability work when it comes to exporting and importing network models. 

The network model includes, but is not limited to, the following. 

 The collection of cables that connect the different network assets together, including cable information such as 
impedances and capacities 

 The collection of BaU assets and their corresponding attributes and properties such as: 

o Asset location and connectivity 

o Transformers, both primary and secondary 
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o Tap changer characteristics for primary transformers 

o Operational tap position of secondary transformer 

o RMU capacities and switching characteristics 

o Circuit breaker capacities and characteristics 

o Protection equipment information 

 The collection of Active Response assets and their corresponding attributes and properties: 

o PEDs, locations, operational characteristics and capabilities 

o LV circuit breaker locations, characteristics and the corresponding protection curves 

o Link box equipment locations, characteristics and switching capabilities 

 Nominal load values and ICCP link data point pockets that link the CIM file with the corresponding network 
element to ensure a cohesive exchange of data 

For successful live deployment, it is important to have comprehensive information in the CIM model of the network, as 

per the CIM model guidelines11, exported from the ADMS system and consumed by the ANM system. It is vital that the 

model is exported from ADMS as this system has the most accurate representation that would enable control of the 

different devices required by the optimisation solution. 

Another important aspect is the PEDs’ component modelling and their corresponding CIM models. Active Response is 

introducing new equipment (i.e. PEDs) that do not have a standard power flow model or a standard CIM model. 

Engagement with specialists to introduce these devices into the network model is vital for the success of Active 

Response. Additionally, to ensure correct operation, the PED models to be used by the ANM system should exactly 

match those introduced into the ADMS system. Modelling the PEDs in the ADMS system is discussed in the next section. 

9.2 ADMS Integration 

The ADMS sits at the heart of the Active Response solution – it is this entity that provides connectivity between the 

Active Response field equipment and the wider software engine, including the ANM system. 

One of the most important enablers for Active Response is modelling the PEDs in the ADMS system. In this case, the 

definition of modelling is: 

 Load/power flow behaviour under different scenarios, which is more of a power systems modelling 

 Interaction with the different software packages within the ADMS system, such as the Automatic Power 
Restoration System (APRS), Primary Outage Restoration Tool (PORT) system, and state estimation. Including 
PEDs in the network model will definitely have some effects on the BaU subsystems within the ADMS system 
and these effects should be studied and understood before live deployment  

 Communication and SCADA behaviour, which requires full understanding of the PEDs state machines and what 
will happen under all plausible scenarios 

When the aforementioned is delivered, it is expected that other PED integration activities will be covered. It is advisable 

to allow extra time in the delivery plan to address any additional unforeseen PED integration requirements. 

                                                      

 

11 IEC 61968-11 – Common Information Model (CIM) Extensions for Distribution and IEC61970-3 CIM 
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The other Active Response equipment is mostly existing and currently deployed as BaU or can be modelled as BaU 

equipment, and therefore the integration of these devices should be much more straightforward and integration 

requirements are not expected to deviate from the norm. 

It is vital that the network information (e.g. equipment capacity and impedances) is implemented into the ADMS network 

model. These attributes and properties are of vital importance because they will enable the optimisation engine to run 

the required load flow studies and fault level studies that would then result in the network reconfiguration 

recommendations. 

Moreover, a mechanism that triggers the ANM optimisation from the ADMS and field side should be investigated. One 

possible way of doing this is to enable the downstream field devices to detect scenarios that can be improved by the 

ANM optimisation capabilities. These scenarios are highlighted in Section 8 and can be used to configure the settings 

of the field devices to ensure that when an identified analogue or digital threshold is breached, corresponding 

communication flags are raised all the way to enact the ANM system to operate. This will require the following: 

 Design settings and configure field devices 

 Configure field devices so that they are able to initiate unsolicited communication to local RTUs, or to the ADMS 
in the case of link box equipment 

 Facilitate and enable unsolicited communication between the field RTUs and the ADMS 

 Configure the ADMS to forward these messages to the ANM system through the ICCP link and the 
corresponding scheme that governs the exchange of information between the ADMS and the ANM system 

This list is non-exhaustive, and should provide guidance for the next stage. 

Finally, and as mentioned in the previous section, the ADMS should be upgraded, or at least have a parallel system, to 

enable efficient export of CIM files populated with the required network information. 

9.3 Active Network Management System 

As shown in Figure 44, the ANM system interfaces with the ADMS via the ICCP link, for exchanging data points, and 

the protocol that governs how and when the communication link between the ANM and the ADMS activates and 

deactivates.  

It is desired that the ANM system is capable of predicting such problems and congestions before they occur, using 

appropriate prediction or state estimation approaches. This can maximise the value of the ANM system by: 

 Providing network dispatch schedules ahead of time, allowing planning and informing key personnel and field 
programs – the proactive part 

 Reconfiguring the network in real-time in response to unexpected changes in the load conditions or in response 
to any abnormal unexpected network behaviours – the reactive part 

To realise the above, the following should also be considered: 

 Automatic and timely transfer of any operational restrictions that could affect the operation of the ANM system. 
Examples of this include: 

o Electrical faults in the network 

o Failure of an HV RMU switch 

o Faulty tap changers 
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 Prediction and state estimation (and others) functionalities are among the main prerequisites for a proactive 
ANM system. To enable these functionalities, the following must be available: 

o Access to network data through historian systems 

o Sufficient numbers of RTUs and/or other means of data collection, aggregation, and transmission 
equipment in the network 

 The definition of sufficient is: the minimum number of accessible data collection equipment that 
could make the system “observable” as defined by control system theory  

 This is always a more efficient solution, both financially and operationally, compared to simply 
deploying data collection equipment throughout the whole network 

 Since Active Response optimises the LV network as well, smart meter data should prove very 
helpful in the ANM proactivity, especially if coupled with appropriate machine learning 
algorithms (e.g. K nearest neighbours or clustering methods) which are capable of identifying 
and predicting trends (domestic load trends in this case) 

On a different note, one of the outcomes of the analysis explained in this report is that the PEDs examined in the study 

can readily improve power quality from a voltage level perspective. Therefore, PEDs can be used for purposes other 

than releasing network capacity. 

 The offline testing stage has also identified room for improvement in the optimisation, as explained below. 

 Although the optimisation can perform fault level analysis, this was not used throughout the offline testing stage. 
Despite the fact that the optimisation is programmed to not create parallels and mesh the network, it is advisable 
to activate this function and use the normal allowable fault levels as part of the constraints section of the 
optimisation problem. 

 The current model of the SPB PED allows the free flow of reactive power at both three-phase terminals. This 
should be modified to reflect the correct model of the equipment that will be installed on-site. On the other hand, 
the current model enabled the project team to test and trial the correct behaviour of the SPB and the potential 
future beneficial behaviours. 

 The optimisation engine prioritises and couples different objectives when solving the optimisation problem –
voltage regulation, reactive power compensation, and active power compensation. It is recommended that the 
engine decouples these objectives and gives the user (i.e. the control engineer) the ability to choose which 
optimisation objective should be used. 

 All feeders and cable segments should be monitored by the algorithm and the location of the optimisation 
equipment should be considered carefully, in simulation, to determine the locations where the optimisation 
equipment is most effective.  

 The optimisation for Active LV and Active HV simply recommended opening a single RMU switch and closing 
another. This means that overloads can only be shared between two feeders interconnected via an open point. 
The optimisation should be enhanced to consider more than two switching operations per optimisation and allow 
for spreading of overloads across all donor feeders. 

Finally, the amount and size of data needed to enable the optimisation are significant.  In order for the ANM system to 

cover a larger area of the system, it should be capable of handling large amounts of data which can be described using 

the new term “Big Data”. Although this might be for future work, optimisation at the LV network already requires huge 

amounts of data, even for the small portion of the network considered in the offline simulation stage. 

9.4 RTUs and Field Equipment 

As shown in Figure 44, at one end of the Active Response live set of solutions is the ANM system, and at the other is 

the equipment installed on-site which is a collection of optimisation devices, monitoring devices and RTUs. Important 

considerations for the live deployment, from a field-equipment perspective, are set out below. 
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 The optimisation equipment should be capable of receiving the corresponding commands from the ANM system 
through the chain as described in Figure 44. The emphasis here is that the capabilities of the devices should 
correspond and comply with what the optimisation requires to achieve the desired outcome. To realise this, the 
input/output schedules of the optimisation devices should satisfy the needs of the optimisation engine. This 
requirement can be inferred from the input data to the offline test harness and the outputs from the test harness. 

 The optimisation devices should be capable of providing remote diagnostics understandable by and useful for 
the ANM system to adjust its expectations and recover should an optimisation instance fail to take effect on-site 
in real life. 

 The communication governance between the optimisation equipment and the RTUs, and between the RTUs 
and the ADMS, should implement a two-way acknowledgement system that enables verification of messages 
between all of the participating ends. 

o For instance, this is a function embedded within the DNP3 protocol, and hence should be enabled to 
allow for reliable communication amongst the DNP3 based equipment. 

o A similar mechanism should govern the ICCP communication between the ADMS and the ANM system. 

o Acknowledgment should be transmitted throughout the system, even if this requires DNP3/ICCP 
conversion or vice versa. 

 The optimisation and monitoring devices should enable the system to define analogue thresholds and modify 
these thresholds remotely, as the network topology or the optimisation variables change. 

9.5 Final Recommendation for System Integration 

It is of the utmost importance that sufficient time is devoted to system interoperability testing. The Active Response 

approaches are complex and, as shown in Figure 44, connect many systems together. Although these systems can be, 

and should be, tested independently of each other, system integration requirements are challenging and should be 

thought of and tested carefully. The system integration should consider: 

 Interoperability testing between the optimisation field devices and the adjacent RTUs 

 Interoperability testing of the RTUs with the ADMS system 

o When this is proven, ADMS-RTU-optimisation devices integration testing should take place 

 Interoperability testing between ANM Strata and the Grid360 optimisation engine 

o Although this has been fully tested within the offline testing stage (as stated in this report), further 
regression testing should take place when the optimisation engine enhancements described earlier are 
delivered 

 Interoperability testing between the ANM system and the ADMS 

o This will rely on the scheme design, which is the collection of interactions, visual (for the control 
engineer) and non-visual (e.g. data exchange) that governs the communication regime between the 
ANM system and the ANM 

o Finally, when all the above is delivered, end-to-end testing that involves all elements of the Active 
Response system should be conducted. The start of this can involve only one optimisation device at a 
time 
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10. Conclusions, Learnings and Next Steps 

10.1 Conclusions and Learnings 

The Active Response team has successfully deployed and commissioned the software optimisation tools in order to 

carry out the Active Response trials offline to verify the suitability of the software solution. The offline software testing 

has delivered valuable learnings, paving the way for a successful live on-grid trial stage. Furthermore, the learnings 

within this report highlight important areas of development for BaU transition which are applicable to other DNOs when 

implementing similar ANM tools to improve the management of their networks.  

 Technical and Software Observations from the Offline Trials 

Technical observations collected throughout the offline testing stage are presented in Table 24.  

Topic Observations 

Modelling HV 

and LV 

Networks 

 

The current deployment of the ANM system cannot detect the edges of the subject network (i.e. the 

NOPs that, if closed, will connect at least two primary substations together) and requires manual 

intervention to introduce them; which is how this observation has been dealt with for the purpose of 

the trials described by this report. When the Active HV and Active LV parts of the solution are to be 

used in the network, network edge identification should be provided by the planning engineer. The 

potential for automatic identification of network edges is there, however, this cannot be achieved 

until enough testing on a sufficient number of interconnected (via NOPs) networks is performed. 

The list of edge switches for the live deployment of Active Response will be identified and tested 

before the schemes are commissioned on the live network. 

The Trial 2 LV network is not available in the current version of the ADMS that manages the target 

licence area. Moreover, this version of the ADMS cannot readily export network models in CIM 

format, adding another layer of complication. This was overcome by manually creating a CIM 

file that includes all LV network data. The process for manually creating a CIM file is not 

straightforward, very erroneous and very time consuming. The following is recommended: 

1. DNOs start implementing LV networks at their corresponding ADMS/ANM systems 
2. Project teams make sure that the selected target network is managed by an ADMS that is 

capable of readily exporting CIM files, or create virtual machines which can host a version 
of the ADMS capable of readily exporting CIM files. These virtual machines can then be 
connected to the databases that contain the asset data of the desired network area 

All of the above are viable options, however, none of them is easily implementable and all of them 

are time consuming.  

In software modelling and optimising interconnected networks, supply points can differ, resulting in 

multiple slack buses present in the model. When designing simulation systems it is recommended 

that multiple slack buses are accounted for, and the voltage control settings for all slack buses are 

identical. Otherwise, the results will become harder to interpret and the simulations may have to be 

re-run. 

Simulation 

Time 

The simulation time varied significantly between the trials and is related to the number of nodes 

simulated and the optimisation method used. LV networks naturally have a larger number of nodes 

and so the simulated trials which considered LV networks required longer computational time. To 

overcome this, the commissioned ANM Test Harness was deployed on multiple servers 

simultaneously, as described in Section 8, and led to successful results. 

Modelling 

PED  

New PED models, load flow models and CIM models have been created based on the PED 

manufacturer’s documentation. The PED modelling was delivered iteratively, enhancements of the 

models were made throughout the offline testing stage until the models evolved into a stable version 

representing the effects of these devices on the network. Examining the simulation results, the 
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commissioned system with the PED models developed by the Active Response team has proved 

successful. 

Optimisation 

Criteria 

The optimisation aims to resolve overload conditions and voltage deviation problems. These two 

objectives can be conflicting and resolving one might negatively affect the other. The voltage 

optimisation objective was disabled in some scenarios, as described in Section 8, in order to better 

understand the behaviour of the commissioned solutions. 
Table 24: Technical observations on the software solution from offline trials  

10.2 Lessons Learned During the Offline Testing and Commissioning 

The initial commissioning and operation of the Active Response software solution has generated a wealth of learnings 

to inform the BaU implementation and further software development requirements for the next stages of the project. 

Most of these findings will be applicable to other DNOs looking to deploy similar tools.  

It is worth noting that the subsections below describe the key learnings from the initial offline trials of the project software 

tools. 

 Using CIM between ADMS and ANM 

Common Information Model (CIM) is a suitable way to transfer complex topology information and enable effective data 

exchange between multiple network management platforms, i.e. between the optimisation engine, data management 

platform and test harness, and between the ANM system and the ADMS. 

Ideally, and in the case of Active Response, there should be a mechanism to automatically exchange network models 

between the ADMS and the ANM system to reflect any live changes in the network, such as building new substations. 

Manual construction of CIM files is very time consuming and prone to errors, thus this approach is not recommended for 

the live trials and the BaU operation. It is highly recommended that a mechanism to automatically export these CIM 

models is in place for the live deployment stage of the project. 

Since Active Response is utilising new equipment (PEDs) for the first time on an electric distribution network in this 

application, load flow models and CIM representations of this equipment are not standardised nor available; as opposed 

to power transformer models, for example. 

The Active Response team has developed these models for the first time ever for the purpose of the offline testing stage, 

and has successfully integrated these models into the offline network models. 

It is recommended that these models are evaluated by the manufacturer of the PEDs, to advise on their suitability against 

the real equipment, and by software modelling experts to evaluate the applicability of these models with the current 

ADMS system in preparation for the live trials stage. 

 Offline Testing Environment  

To facilitate and accelerate the testing process, and to conduct the offline trials described in this report, the project has 

created and commissioned a dedicated ANM Test Harness. The commissioned test harness was designed to accelerate 

the trial analysis by allowing the underlying network models for each of the trials to be driven by diverse time-series data 

and optimisation configurations to quantify the impact of the commissioned Active Response solutions under a variety 

of scenarios; ensuring this stage of the project was a success. As mentioned previously, the commissioned test harness 

will become the live solution once integrated with the relevant UK Power Networks systems. 

The testing environment was developed in an agile way and evolved throughout the testing stage. Since the optimisation 

software is complicated, it recommended that the software development from this point on, in preparation for the live 
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testing stage, is managed using the ‘Agile Methodologies’ and that proper regression test procedures are in place to 

ensure that development of new parts of the software does not introduce bugs into the existing software functionality. 

This offline testing environment should evolve as the Active Response solutions are integrated into the wider UK Power 

Networks ANM system in order to carry out the live trials. 

 LV Modelling 

Modelling LV networks is significantly more complex than modelling HV networks due to the very high number of network 

loads and nodes.  

LV network data quality and availability represent one of the key challenges in analysing LV optimisation tools. 

Historically, LV networks were not analysed in detail and key information required for novel network optimisation 

techniques would have been recorded in multiple, sometimes obsolete, systems which makes it harder and more 

erroneous to extract and utilise this data. 

For instance, the network information recorded on the planning tool and the corresponding network information recorded 

on the ADMS have discrepancies between them which can introduce errors in the live testing stage. Data quality checks 

are recommended to unify the information in all systems. 

Moreover, it is recommended that a common database utilised by the planning tools, the ADMS and any other system 

requiring access to this information, is created and managed independently to minimise such errors.   

Manually creating LV network models with accurate network impedances and asset capacities data requires significant 

effort. If this is the only available approach, it is recommended to allow extra time, proportional to the complexity of the 

chosen network, to avoid unanticipated delays. This issue could be mitigated by examining a smaller network area or by 

planning a longer period of time to achieve the objectives.  

 Synthesised Load Data  

Demonstrating the benefits of the optimisation solutions using the current load levels is not achievable, as the network 

is designed to accommodate this level of demand. Synthesised load profiles should be created based on the existing 

load trends to simulate overloading scenarios in order to demonstrate the optimisation capabilities.  

 Switching Optimisation (Active HV and Active LV) 

The offline trials have demonstrated the benefits of reconfiguring the network by switching HV RMUs, LV circuit breakers 

and link box switches to release underutilised network capacity. 

At Trinity Crescent primary NW feeder group, the existing capacity can support up to a 150% increase in the load 

between 9am and 11am and between 6pm and 9pm on the winter peak day without having to upgrade the infrastructure. 

Utilising the current version of the Active HV solution can push this figure up to 160% where the Active HV solution can 

find room in the network for the extra 10% of this existing nominal load referenced to the peak day of winter 2019. 

The Active Response team is confident that the additional enhancement to the Active HV software will be delivered 

before the live system deployment stage, and will be capable of supporting even more load at peak times. 

In general, the ‘Switching Optimisation’ approach, as opposed to the ‘PED Optimisation’ approach, has a wider area 

coverage and thus wider effects on the network. Additionally ‘Switching Optimisation’, especially for Active HV, is readily 

available for BaU transition, as the infrastructure required to deliver this optimisation solution (i.e. remote controllable 

HV RMU switches) is already installed on the network. 
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Moreover, the Active HV approach can be easily scaled up to higher voltage levels should it be proven that Active HV 

will provide benefits at those voltage levels. 

Additionally, it is envisaged that the Active HV solution can provide benefits comparable to the existing APRS system; 

these two systems can work in tandem where Active HV can assume responsibility when the system is healthy, and 

APRS can take control whenever a fault occurs on the network. 

The benefits from the Active HV and Active LV solutions are positive in demonstrating the potential to help reduce 

overloading and alleviate voltage problems. To perform this optimisation effectively, the following observations have 

been made and are recommended: 

 A thorough list of monitored branches should be compiled to avoid the introduction of overloads through 
switching or PED actions. Details of the capacities of each branch should be included in the CIM model. 

 There should be further investigation of the trade-offs of alleviating voltage issues that result in more overload 
violations. One may deduce that a switching action may have significantly benefited the voltages of the winter 
and spring simulations, and that some small branch overloads could possibly be accepted in order to do so. This 
type of decision is something that should be better modelled when formulating the optimisation problem. 

Finally, it is worth mentioning that ‘Switching Optimisation’ has minimal effects on network losses, i.e. it does not increase 

or decrease system losses significantly. This is explained in detail in Section 8.1. 

 Optimisation Sensitivity and Violation Tolerances 

Tolerance settings on overload management have a significant impact on the behaviour of the optimisation function and 

the resultant recommended switching actions and operational PED set points. The tolerance threshold should be 

carefully defined and considered in order to balance the useful effects of dynamically changing network topologies and 

the impact on maintained regimes of switching devices such as RMUs. 

Additionally, and due to the complexity of the LV network, some network areas – despite belonging to the same HV 

feeder group – are effectively isolated electrical nodes on the LV side.  This means they do not share any LV connections 

with the LV network under the optimisation considerations, although they are electrically connected to the same HV 

network. Thus, no matter what the sensitivity and tolerances are set to, these LV isolated nodes cannot be easily 

addressed with optimisation approaches operational at the LV side of the system. 

Reduced connectivity with adjacent LV nodes has the potential to reduce the effectiveness of the optimisation solutions 

and therefore it is recommended that the topology of the candidate network for the optimisation solutions is studied 

carefully and simulated before deciding to implement the solutions on the live network. 

 PED Location and Optimisation Effects 

Trials 2, 3 and 4 have identified that the level of benefit derived from installing PEDs will depend on the location where 

they are installed. PEDs can only provide benefits when there is a local feeder overload and if there is available capacity 

on adjacent feeders. PED locations should be carefully considered based on historical and potential overloaded 

scenarios. It is recommended that an assessment, using the planning tools, of the effectiveness of a PED-based 

optimisation solution should be carried out before deciding to install such devices on the live network. 

Moreover, in the initial trials, PEDs during the simulation were set to ignore overloads below 101% of the conductor 

rating, as these overloads do not justify real power optimisation actions and thus did not operate as much. When the 

sensitivity was reduced, the PEDs were more active. Therefore, for ‘PED Optimisation’ to be an effective solution, both 

the location and the sensitivity should be thoroughly considered.  
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Furthermore, voltage violations may be alleviated by reactive power voltage regulation PED actions, and an indirect 

result is the alleviation of branch overloads such that they no longer need to be solved with PED actions. It is 

recommended to investigate this approach further, as it can provide more than overload alleviation benefits. 

Similarly, Trials 3 and 4 demonstrated capabilities of a single SPB device connecting two primary substations with firm 

capacity, or approximately 100MVA in our case. Though not considered in these trials, it is envisaged that multiple SPBs 

would provide more flexibility and capabilities, particularly where available capacity and distributed generation 

connection issues exist. In areas of high concentration of distributed generation and locations with a high concentration 

of loads, multiple SPBs could facilitate more flexible distributed generation connections into the network. It is 

recommended that such scenarios are simulated before the live trials stage commences. 

Finally, it should be emphasised that SOPs and SPBs are effective in improving local overload conditions, as described 

in sections 8.2, 8.3 and 8.4. 

 Additional learnings for live trials    

This report highlights the complex architecture of both the offline and the live Active Response trials. The following points 

have been highlighted as desirables but are out of scope for the time being. 

 One of the angles the results can be viewed from is the optimisation time angle. 

o Studying when the optimisation, whether switching or PED set points, operated can inform network 
planning of potential problems that should be looked into more thoroughly. 

o Feeding the optimisation time information along with the load trend and infrastructure capacities into a 
machine learning algorithm has the potential to help identify similar trends across the network and would 
be able to suggest the Active Response solution that would best resolve the identified problem. 

o Identifying such trends can support the dispatch planning part of the optimisation engine in preparing 
switching schedules for future uses. 

 Although in some of the simulations one week’s worth of load profile was used, this is not enough to identify if 
the optimisation function will always operate the same RMU switches or not. 

o If the optimisation keeps operating the same RMU switches then perhaps there is a potential chance to 
introduce extra capacity, without the need for optimisation interference, by permanently changing the 
normal running arrangement. This has the benefit of reducing the RMU switch operations, which would 
result in reduced maintenance requirements. 

o Perhaps a full season’s worth of load data or more can be used to perform this analysis. 

 The optimisation in its current state assumes that the secondary transformers are capable of serving the loads 
connected to them. Should this assumption be invalid, the optimisation can be modified to check for these 
transformer capacities and acknowledge them as part of the optimisation problem. 

o It should be noted that the solution for the potential distribution transformer capacity problems will be 
switching or using SOP PEDs at the LV side. 

o Generally speaking, to address transformer capacity constraints, the optimisation should occur at the 
next voltage level down. 
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 RMU switch selection criteria can be based on a mathematical model that provides: 

o the maintenance costs involved in operating the RMU switch (i.e. how much it costs operationally to 
operate one RMU switch versus operating another); or 

o the replacement costs of an RMU switch. 

An efficient criterion for selecting the best switching option, based on a cost benefit analysis using the above 

models as examples, can be developed within the optimisation engine to ensure that the optimisation 

recommendations do not abuse a collection of RMU switches every time it issues an optimisation command. 

10.3 Next Steps  

This report describes the key learnings derived from the initial offline commissioning and operation activities of the Active 

Response project software solution tools through off-grid network trials. Following the final tuning of the optimisation 

platform and data management system, the workstream 2 team (software development) will focus on the integration of 

Active Response software solutions with the UK Power Networks ADMS system.   

In particular, the following key activities will be performed: 

 Design and implement a suitable interface to facilitate the required data exchange between the UK Power 
Networks ADMS and the ANM system that hosts the Active Response solutions 

 Testing and final tuning of the optimisation platform to ensure high resilience with quasi real-time data 

 Finalisation of the on-grid network trials scheme design for live operation 

 End-to-end communication testing with the PEDs installed at the trial sites 

 End-to-end communication testing with the switching equipment installed at the trial sites 

 Testing of the Active Response software solution tools in the live ADMS environment 

 Operation of the Active Response ANM system through on-grid trials  

Further learnings related to the optimisation platform will be released in subsequent Project Deliverables. These will 

include: 

 Learnings from the successful installation and commissioning of the SOPs and SPB. This will be described in 
Project Deliverable 5 (Initial learnings from the installation and commissioning of Active Response hardware) 

 Key learnings, recommendations, analysis and findings from the four project trials. This will be described in 
Project Deliverable 8 (Presentation of findings from the project trials) 
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11. Appendix 

11.1  Appendix A – Active Response Smart Grid Architectural Model (SGAM) 

 

Figure 45. Architectural overview of the Active Response software solution and how it interacts with existing BaU systems, depicted 
using the CENELEC Smart Grid Architectural Model (SGAM) 
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11.2 Appendix B – Winter 2019 Peak Day Load Profile and Simulated EV Peaks 

 

Figure 46: 12 December 2019 peak day load profile for the Trinity Crescent NW feeder group against the simulated EV peaks 
stretching from the end of the previous day to the start of the following day 
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