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Abstract 

The Active Response project is implementing ground-breaking Active Network Management (ANM) software to release 

constraints and mitigate the impacts of Low Carbon Technologies by reconfiguring the network and actively controlling 

power flow. This paper presents the architecture of the ANM system that has been implemented and the results from the 

Active Response offline trials demonstrating the ability of the Active Response solution to release latent capacity in the 

network. The architecture uses the Common Information Model (CIM), part of the IEC 61970 industry standard that among 

other things, models electrical networks to pass network data from the Distribution Management System to the ANM.  

1. Introduction 

UK Power Networks is the electricity Distribution 

Network Operator (DNO) for South East England, the East 

of England and London. It manages three licensed 

distribution networks which together cover an area of 

nearly 30,000 square kilometres and deliver electricity to 

over 8 million homes and businesses.  

One of the key targets of UK Power Networks is to enable 

the uptake of Low Carbon Technologies (LCTs) at the 

lowest cost to customers. For DNOs, the uptake of LCTs 

has been rapid and in the absence of innovative and smart 

solutions, significant reinforcement would be required – 

with the costs being borne by customers. The Active 

Response innovation project, funded by the regulator for 

electricity and gas markets in the UK “Ofgem”, aims to 

release available and underutilised network capacity, to 

improve network performance, to support the uptake of 

LCTs and to accelerate the realisation of our Net Zero 

commitment while minimising the need for infrastructure 

upgrades. Active Response proposes to achieve this 

through the active reconfiguration of the electricity 

network and the use of power electronic devices (PEDs). 

The application of these technical solutions provides a 

range of benefits, including the deferral of costly network 

reinforcement, by actively controlling power flows and 

voltage levels on the low voltage (LV – 400V) and high 

voltage (HV – 11kV) networks.1  

 
1 This paper refers to the 400V network as LV and the 

11kV network as HV. 

 

It is anticipated that, if successful, Active Response 

solutions could save Great Britain (GB) customers £271m 

in reinforcement costs by 2030. Active Response comes 

also with direct reduction in carbon emissions of 

approximately 19592 tCO2eq.  

1.1. Active network management systems and 

optimisation  

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 ANM solution is 

responsible for actively managing devices on the grid to 

achieve the project objectives of increasing infrastructure 

utilisation, reducing circuit overloads, and improving the 

voltage profile.  The major components of the software 

architecture are described below. 

 

1.1.1 Advanced Distribution Management System 

(ADMS): The ADMS, which is General Electric’s (GE) 

PowerOn package at UK Power Networks, allows 

oversight and management of the network in Business as 

Usual (BaU) operation. Active Response utilises data 

collected by the ADMS from a range of network 

equipment – remote controlled Ring Main Units (RMUs), 

PEDs, LV circuit breakers, and LV link box switches. 

These devices are managed by a dedicated optimisation 

interface provided by ANM Strata, a DERMS software 

(supplied by Smarter Grid Solutions). Strata provides both 

preventive and real-time corrective control in one platform 
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using network topology and asset data, transferred via a 

CIM interface. 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. 

 

1.1.2 Optimisation Engine: The optimisation engine – 

Nexant Grid360 – is integrated within the ANM Strata 

platform. Grid360 analyses the current state of the network 

and performs optimal power flow (OPF) analysis to 

determine the optimal network running arrangement, via 

switching analysis 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. 

1.2. Project trials  

Active Response includes solutions based on the different 

network application and optimisation objectives. These 

solutions are defined as: 

1. Active HV and Active LV, respectively the 

optimisation of HV and LV networks via remote 

switching and reconfiguration, 

2. Secondary Connect the optimisation of LV 

networks using LV PEDs, referred to as Soft 

Open Points (SOP) 

3. Primary Connect, the optimisation of HV 

networks using HV PEDs, referred to as the Soft 

Power Bridge (SPB).  

Trial 1 of the project examines the performance of the 

Active HV solution, Trial 2 focuses on the Active LV and 

Secondary Connect solutions, Trial 3 is dedicated for the 

Primary Connect solution, and lastly Trial 4 tests all of the 

solutions working together. The project trials these 

solutions in an offline environment and on the live 

network.  

 

This paper outlines the key learnings from the initial 

offline trials of the project software solution tools.  

2. Methodology 

Table 1 presents a set of key observational objectives for 

each of the offline trials. 

Table 1: Simulation objectives 

Observable Description T1 T2 T3 T4 

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 

SOPs (P and 

Q) that are 

part of the 

optimisation 

  ✓ ✓ 

To achieve the objectives of the trials and to record the 

observables presented in Table 1, a test harness has been 

designed as shown in Figure 1 below. 

 

 

 

Figure 1: Simulation test harness architecture 

Instances of the ANM system and the optimisation engine 

are deployed onto an application server. These two 

applications utilise an Application Programming Interface 

(API) to exchange information. The network to be 

simulated, which is exported from UK Power Network’s 

ADMS in CIM format, lacked critical network data 

required to enable advanced network-model based 

optimisation, i.e. electrical characteristics like impedances 

Application server – CIM based 

network model 

Optimisation 

engine 

ANM 

system API 

Data:  

Input 

and 

output 

API 
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and equipment ratings. To enable Active Response, the 

model was manually enriched with network data extracted 

from relevant planning and operational databases. The 

input data to the application server is half-hourly real 

power (P) and reactive power (Q) values for each load in 

the system. Each trial was carried out on a specific area of 

network. The number of loads profiles per trial were: 

1. Trial 1 (T1): approximately 150 

2. Trial 2 (T2): approximately 1650 

3. Trial 3 (T3): approximately 60 

4. Trial 4 (T4): approximately 1700 

Test periods for all trials consisted of 30-minute time 

steps. For each time step, the following process was used 

to optimise the system: 

1. The ANM system, Strata, compiles “current 

state” of network based on input data 

2. The optimisation engine, 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 would reduce 

network violations 

3. 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. Strata compiles and reports results for the current 

time increment 

6. Strata moves to the next time increment and 

compiles a new “current state” (back to step 1) 

The input load data was extracted from the available 

historian systems for all trial areas, both for the 11kV and 

the 400V levels. The extracted historical load trends were 

from 2019 and early 2020. 

3. Results 

The test harness was run for 400+ hours processing 

approximately 10 million data points. Trial simulation 

results are below. 

3.1. Trial 1 Results 

Trial 1 used time-series data for the peak load day of 

winter 2019 to run the simulation. The existing load level 

at the Trial 1 network does not exceed the existing 

capacity. Therefore, the overall load level was increased 

using a universal multiplier to overload the system. In 

total, 10 scenarios were simulated, with the first scenario 

using the nominal load, the second scenario using 2 x the 

nominal load, third scenario using 3 x the nominal load, 

and so on up the tenth scenario using 10 x the nominal 

load. 

 

Figure 2: Average resolved and remaining overloads after 

optimisation was applied in increasingly loaded networks 

Figure 2 demonstrates the capabilities of the software 

solution to resolve network overloads by moving Normally 

Open Points (NOPs) in real time for the double, triple, and 

quadruple load scenarios. The average resolved overload 

refers to the amount of the overload eliminated by the 

solution compared to the before optimisation overload 

level. It is apparent from the figure that the algorithm and 

the approach have the potential to unlock extra capacity, 

without requiring infrastructure upgrade, should the load 

increase systematically as per the simulations. The average 

resolved overload for the double load scenario is 200kVA, 

for the triple load scenario is 2.2MVA, and for the 

quadruple load scenario is 1.1MVA per operation, less 

than the triple load scenario because less available capacity 

exists due to higher simulated load level. Three to five 

operations happened per simulation day. 

The algorithm’s performance was also tested against 

Electric Vehicle (EV) loads. EV peaks were introduced 

between 9am and 11am, and between 6pm and 9pm. In 

this scenario, the network was able to cope with up to a 

150% increase in load at the specified time windows 

without needing to upgrade the infrastructure. The 

algorithm increased this number to 160%, releasing 

approximately 4MVA in the test network and facilitating 

an additional 586 fast (7kW) EV chargers into the test 

Primary Substation. The simulated peaks are shown in 

Figure 3. 

 

Figure 3: Simulated EV peaks 
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3.2. Trial 2 Results 

Unlike Trial 1, Trial 2 used four weekly load profiles; one 

from each season. Moreover, four different optimisation 

approaches were used on each profile, resulting in 16 

unique scenarios. These approaches are: 

1. No optimisation (base case), 

2. Real power optimisation with switching analysis, 

3. Reactive power optimisation with voltage 

regulation and switching analysis, 

4.  Reactive power voltage optimisation followed by 

real power optimisation 

The objective of Trial 2 is to release available capacity at 

the LV (400V) side of the network by moving NOPs using 

remote controllable link box switches and feeder Circuit 

Breakers (CBs), and by changing SOP PEDs set points in 

real time. 

The Trial 2 optimisation simulation did not result in many 

significant optimisation actions, this is due to: 

1. SOP PED location: Five SOP PEDs were placed 

in the simulation network. This LV network has 

approximately 2600 nodes thus SOP effects are 

localised. Additionally, the electrical distance 

between SOPs reduces the potential synergies that 

could arise if they work collaboratively. 

2. Overload sensitivity: Several overflows were not 

acted upon because the optimisation engine was 

set to ignore violations of less than 101% above 

conductor rating. 

3. Optimisation objects: The list of monitored 

branches, those that the optimisation engine will 

act upon if they experience overload, was collated 

and fed manually to the optimisation engine. 

Therefore, some overflows were ignored. 

4. Voltage optimisation: Trial 2 uses both CB 

switching and PED SOP operation to resolve 

voltage issues and branch overflows. Voltage 

optimisation takes higher priority in the engine 

implementation. Additionally, CB switching, has 

a stronger effect on alleviating voltage level 

compared to SOP PEDs. Therefore, the need for 

operating the SOPs is reduced either because 

solving voltage issues, which requires reactive 

power flow changes, resolves branch overflows as 

well, or because resolving a branch overflow 

using a SOP PED can result in an introduction or 

an increase in another existing branch overflow. 

 

Some of the above mentioned issues have been addressed 

in Trial 4 as discussed in the next sections. 

 

3.3. Trial 3 Results 

Trial 3 also used four weekly load profiles, one from each 

season. Similar to Trial 2, four different simulation 

approaches were used on each profile which are: 

1. Real power optimisation (mode 1), 

2. Real power optimisation with voltage regulation 

(mode 2), 

3. Reactive power optimisation with voltage 

regulation (mode 3),  

4. Reactive power voltage optimisation followed by 

real power optimisation (mode 4). 

This trial aims to unveil available network capacity by 

connecting two primary substation networks together, 

through an SPB PED installed at the NOP separating these 

primaries, and transferring electric power between them. 

The single variable in this approach is the PED’s set point 

which is dictated by the optimisation engine in real time. 

The results of this trial are presented in Table 2.  

Table 2: Summary of Trial 3’s simulation results 
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Mode 1 2 0 2 

Mode 2 11 6 5 

Mode 3 56 67 -11 

Mode 4 35 67 -32 

*The difference in the overload before optimisation in 

different modes is due to different initial conditions. 

Table 2 shows that the SPB PED was capable of 

addressing overloads in the real power optimisation mode. 

The other modes were not as effective during the 

simulation, this is due the fact that tap changer based 

voltage control at the primary substations was deactivated 

during the simulation, and since the optimisation algorithm 

prioritises resolving voltage issues this can result in 

forcing more reactive power through the infrastructure 

which results in increasing the overloading conditions. It 

should be noted that the SPB hardware is only capable of 

real power optimisation; however, the other optimisation 

modes were simulated to uncover the potential value of 

having them in real life. 

3.4. Trial 4 Results 

Trial 4 utilised the same HV and LV network area as Trial 

2 with the addition of another primary substation to the 

HV network area connected via an SPB PED increasing 
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the number of PEDs in the simulation to six; one SPB and 

five SOPs. Remote controllable switching devices in the 

form of: LV/HV CBs, HV RMU switches, and LV link 

box switches are also participating in the simulation. 

To address the issues mentioned in Trial 2’s section 3.2, 

the sensitivity to overloads was increased to any overload 

equal to or higher than 50W, the list of monitored branches 

was reviewed and refined, and only real power 

optimisation mode was considered. 

The SPB PED was not engaged by the optimisation engine 

throughout the simulation. This may have been due to not 

selecting suitable primary substations that benefit from 

paralleling. Additionally, the simulator sees the circuits up 

to 11kV only; if the simulator was able to see the 33kV 

circuits, the SPB might have been utilised more efficiently. 

The results of Trial 4 are listed in Table 3. 

Table 3: Summary of Trial 4’s simulation results 
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1 Yes No 6 245.46 100.00% 

2 Yes No 4 535.30 27.34% 

3 Yes No 5 2314.59 100.00% 

4 Yes Yes 2 485.78 43.87% 

5 No Yes 0 5.22 0.50% 

6 No Yes 0 110.40 25.53% 

7 Yes No 9 380.25 100.00% 

As shown above, both reconfiguring the LV network using 

the available LV remote controllable switching and using 

the SOP PEDs can release network capacity without the 

need to upgrading the infrastructure. 

 

4. Conclusion 

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 are summarised below.   

• 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 four 

feeders in the Trial 1 network area –equivalent to 

simultaneously connecting an additional 142 EV 

charging points (7kW fast chargers) to the four 

feeders or 586 7kW fast chargers to the 16 

feeders’ primary substation. This could lead to 

approximately 4 MVA of spare capacity being 

released for the entire 16 feeders in the 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. 

• The 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 used CIM’s extension 

capabilities to develop a dedicated model with the 

manufacturer. 

• Modelling LV networks is significantly more 

complex than modelling HV networks due to the 

very high number of network loads and nodes. 

 

More learnings are available on the project website [1].  
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