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Definitions 
 

Term Definition 

Active Network 

Management 

(ANM) 

Autonomous, software-based control system that monitors grid conditions and issues 
instructions to distributed generators or other field devices in order to maintain the 
distribution network within operating limits. 

Automatic Voltage 

Control (AVC) 

A substation level system that is used to maintain the substation voltage at a constant 
value and within the statutory limits. 

Back-haul  The back-haul network is the communications connection between the RF Mesh Network 
and Active Network Management (ANM) solution for data exchange.  Also, the 
management connection between the RF Mesh Network and GridScape management 
application.  

Business-as-

usual/unrestricted 

generators 

Generation equipment that is connected to the network that has the ability to export at all 
times of the year up to 100% of its capabilities. 

Canopy Geographical coverage of the RF Mesh Network and the consequent footprint for 
communications connection. 

CiC Competition in Connections (CIC) is the term attributed to the opening up of the 
connections market for the design, procurement and installation of new assets necessary 
to accommodate a new or modified electricity connection. Customers have the option to 
have some of the connections work, referred to as Contestable Work, carried out by an 
ICP who must be accredited with Lloyds Register.  

Combined Heat 

and Power (CHP) 

Co-generation or use of a power plant to simultaneously generate electricity and useful 
heat. 

Communications 

platform  

The communications platform installed and commissioned in the FPP trial. It is based on 
radio frequency wireless mesh technology. 

Distributed 

Generation (DG)  

Electricity generation connected to the distribution network, as opposed to the 
transmission network. 

DNO Distribution Network Operator. 

Distributed 

Network Protocol 

(DNP3)  

Communication protocol widely used currently in the utilities industry.  

Dynamic line 

rating (DLR) 

A system for calculating real-time ratings of overhead lines based on actual weather data, 
or measurements on the conductors. 

ENMAC  The system that UK Power Networks is using at Control Centre level to manage its 
distribution network in the Eastern region  

Feed-in-tariff (FIT) A subsidy for the generation of renewable electricity for generators under 5 MW. 

Flexible 

Connections 

DG customers connected to the distribution network whose generation output can be 
controlled by the DNO for operational purposes.  

FPP Flexible Plug and Play. 

Intertripping Turning a customer’s generation equipment off at times when the electricity network 
requires it. 

Levy Exemption 

Certificates 

(LECs) 

Certificates that exempt the owner  of the DG equipment from paying the Climate Change 
Levy, as the energy produced is renewable. 

Low Carbon 

Network Fund 

(LCNF)  

A funding mechanism introduced by Ofgem to promote research and development 
for smart distribution networks. 

Micro-PV Small scale solar schemes, e.g. solar panels on top of residential houses. 

Modern 
Protection Relays  

 

Protection devices which were trialled by the FPP project to overcome the limitations 
associated with the use of directional overcurrent schemes for protection of grid 
transformers. 
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Term Definition 

Photovoltaic (PV) Solar Panels. 

PI – Data 

Historian  

The IT system UK Power Networks is using for collection and archiving of real-time data 
and events, mainly measurements from the distribution network.  

Point of 

connection (POC) 

The interface between UK Power Networks’ equipment (main fuse, energy meter) and the 
consumer’s equipment (supply panel). 

RMU Ring Main Unit 

Quadrature-

booster  

A specialised form of transformer used to control the flow of real power on a three phase 
electricity transmission network. 

RF Mesh Network  The wireless Radio Frequency Mesh Network delivered by SNN that includes all RF Mesh 
Nodes – Master eBridges, Remote eBridges and Relay to provided data connectivity and 
coverage. 

RF Mesh Nodes This defines the communication devices that make up the RF Mesh Network – Master 
eBridges, Remote eBridges and/or Relay. 

RIIO-ED1 The first electricity distribution price control to reflect the new RIIO (Revenue = Incentives 
+ Innovation + Outputs) model for network regulation. 

ROCs Renewable Obligation Certificates offer a subsidy to renewable generators for generating 
low carbon electricity. 

S16 A section 16 (of the Electricity Act) quotation as described in the Standard Licence 
Condition 15A Guidance Document. This covers the cost of all works associated with 
completing the connection. This can be requested instead of or in addition to a CiC quote. 

SCADA  Supervisory Control and Data Acquisition: centralised computer-based systems that 
monitor and control the electricity distribution network.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Flexible Plug and Play 
Closedown Report 
 

 

 

 

 

 

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 3 of 64 

 

1. Project Background  
 
The utilisation of renewable energy plays a pivotal role in delivering the United Kingdom’s (UK) Low Carbon 
Transition Plan targets.  The Department of Energy and Climate Change (DECC) has set targets to have 
30% of the UK’s electricity generated by distributed generation (DG) by 2020 and 40% by 2030. To achieve 
these targets there is a requirement to utilise on-shore DG, which will connect into the distribution network.  
 
To encourage on-shore DG the Government introduced a number of initiatives to incentivise ‘greener’ 
sources of power generation, which has given rise to the increased number of DG customers wanting to 
connect to the distribution network in recent years. However, the significant increase in connection requests 
in a short period and the current approach to network management does not give Distribution Network 
Operators (DNO’s) the ability to provide accessible and affordable connection for generation to the 
distribution network, without substantial investment or reinforcement taking place. 
 
The changing nature of DG connections for both the DNO and the customer means that alternative solutions 
must be sought; this is where Flexible Plug and Play (FPP) has provided an alternative, through the 
introduction of smart solutions and innovative commercial arrangements to enable more generation to 
connect, more quickly and at a more economical cost. 
 
2. Executive Summary  

 
The FPP project has delivered all eight Successful Delivery Reward Criteria (SDRC) through demonstrating, 
with connected DG customers, that the integration of innovative technological and smart commercial 
solutions can provide a cost effective connection of DG to constrained parts of the distribution network. 
 
The FPP project was awarded funding of £6.7million by Ofgem, under the Low Carbon Networks Fund 
(LCNF) scheme, on 19 December 2011 and the project started on 1 January 2012. A further £2 million was 
invested from UK Power Networks, with the final £1m provided by the FPP project partners making a total 
budget of £9.7 million. This was invested in an area of the electricity network in the UK Power Networks 
Eastern region, which had a number of technical constraints. To overcome the prevalent constraints in the 
trial area, a number of technical and commercial solutions were developed to improve customer’s ability to 
access the spare capacity. 
 
A 700km² area of the distribution network between March and Peterborough in the East of England was 
chosen for the FPP trial area as it had a number of characteristics which made the area suitable for testing 
the FPP solution: 

 
 This rural Cambridgeshire area had 90MW of connected wind generation, mostly connected at 33kV; 
 Other generation technologies were already connected, such as the existing Wissington Sugar 

generation plant (Combined Heat and Power); 
 An additional 57MW of generation was in accepted offers, 34.5MW of generation had requested 

offers and these were in the process of being reviewed by customers or awaiting quotation, and 
enquiries for a further 97MW of generation had been received; 

 Finally, existing network assets were reaching their operational limits.  
 

The resulting lack of capacity for generators to connect was due to a number of different technical 
constraints, which were also prevalent within the FPP trial and provided a platform for the project to test 
different techniques to manage these constraints. The key constraints within the trial area were as follows: 
 

 Thermal constraints – high levels of DG at times of low demand can increase the power flows on 
networks resulting in thermal overload within the FPP trial network;  
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 Reverse power flows – distribution networks were historically built for demand customers, meaning 
power always flows one way from National Grid’s network through the distribution network to the 
customer. Generation can cause reverse power, which can affect the control systems used on the 
distribution network; 

 Limited generator control – intertripping has been used previously, which stops the generator 
exporting electricity onto the network at certain times. This has generally been via a simplistic 
communications system, which either ramps the customer’s generation down to zero or trips the 
breaker to turn their supply off/on. This can have an added risk to the network with step voltage 
change. In addition this solution does not provide a generator with the most efficient connection. 
Having increased generator control enables generators’ output to be controlled dynamically, enabling 
greater utilisation of the network, without compromising network safety; 

 Lack of a commercial framework for flexible connections – a framework was needed to enable UK 
Power Networks to offer flexible connections and legally bind customers into the arrangement. 

 
The FPP project was the first to explore the use of flexible connections through innovative commercial 
arrangements in mainland Great Britain. Flexible connections allow DG customers to connect to the 
distribution network on the basis that their generation output can be controlled by the DNO based upon 
operating the network within operation limits.  
 
The FPP project delivered the first practical implementation of allocating curtailment based on shared 
access for generation.  The methodology developed is described as a Capacity Quota and has seen a 
number of DG customers accept and sign flexible connections. 
 
Through extensive engagement the FPP project has received 54 connection requests from DG developers, 
issuing 40 (181MW of generation) flexible connection offers, of which 15 will be connected onto the 
distribution network using methods developed by the project. The 15 accepted customers represent a total 
of 54.4MW across wind, Photovoltaic (PV), Anaerobic Digestion (AD) and Combined Heat and Power 
(CHP). Due to the high levels of interest in the flexible connection offer and number of customers that have 
accepted the offer, UK Power Networks has committed to offer flexible connections to DG customers on a 
business-as-usual basis as part of the RIIO-ED1 price settlement. A number of locations where flexible 
connections can aid the introduction of more DG onto the local network have been identified and are being 
rolled out on an individual basis. The next flexible connection area was introduced around Norwich and 
opened up to applications in November 2014. 
 
As of 28 February 2015, the FPP project has commissioned five flexible connections, totalling 6.75MW, 
which is a combination of PV, wind and CHP generators. The remaining ten flexible connections are 
currently scheduled for delivery throughout 2015 and in early 2016 by the UK Power Networks business-as-
usual departments. The accepted 15 flexible connections are to be connected at different voltage levels on 
the distribution network (33kV, 11kV and LV); technical diversity that has and will continue to provide UK 
Power Networks’ teams and the wider DNO community with extensive experience and rich knowledge that 
will be valuable for the business-as-usual roll out of flexible connections. The delivery of the first five flexible 
connections has provided valuable learning and real life experiences that have been included within SDRC 
9.7 ‘Facilitation of faster and cheaper connection of DG to the distribution network’ and SDRC 9.6 
‘Implementation of active voltage and active power flow management within FPP Trial area’. Further details 
of the learning that has been generated can be found in Section 9. 
 
The project has proven to provide significant benefits to DG customers in terms of reducing the upfront cost 
of connection by reducing the use of alternative lengthy cable routes and therefore also reducing the time 
taken to connect to the network. In total the project has saved accepted DG customers within the trial area 
approximately £44 million on their connection offers, or £36 million, when including the cost of the ANM and 
curtailment. 
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Benefits have improved against the assumptions initially set out in the bid business case. The high level 
benefits are shown in the table below and further explained in Section 8. 
 

Benefit of solution Original bid Revised Comment on change 

Cost of roll out per site £5.5m £2.33m 
Excluding specialist devices such as the 
Quadrature-Booster which will not be a solution at 
all sites 

Capacity enabled by FPP 
solution to 2021 

188 MW 54.4 MW 
Revised pessimistic assumption that no further 
generation will connect now the quota is full at 
March Grid 

Assumed DG growth by 2021 5.4 GW Wind 
5.4GW Wind 

7GW PV 
 

Expected number of sites to roll 
out an FPP size solution 

11 20  

Cost of UK wide roll out £60.5m £46.6m Due to reduction in roll out cost per scheme 

Expected savings to customers 
UK Wide 

N/A £880m  

NPV CO₂ savings by 2021 £192m £668m 

Utilising the same methodology set out in 
Appendix 2 of the bid document but based on the 
growth in generation to 2021 using the percentage 
of each type of technology connected as per the 
FPP area (75% wind, 23% PV and 0.2% CHP). 

 
 
The offering of flexible connections has been made possible through the design and delivery of the 
innovative technical solution.  This comprised of 24 smart devices installed across the trial area, as detailed 
in SDRC 9.4 ‘Demonstrate FPP technical characteristics of FPP solution’  SDRC 9.6  and SDRC 9.8 
‘Deployment of Quadrature-booster within trial area’ – which details the technical characteristics of the FPP 
solution as well as specific smart devices, such as the Quadrature-booster. These devices are managed by 
the centrally located Active Network Management (ANM) system, which utilises the Radio Frequency (RF) 
Mesh Communication platform installed as part of SDRC 9.3 ‘IP (Internet protocol) Communications 
Platform – Go Live’ to monitor data captured by the Smart Devices and when required sends command 
signals to the generator to reduce their export. 

 
The final year of the project (2014) has seen the project undertake extensive trials of the FPP technical 
platform in accordance with the FPP bid Use Cases. These comprised of a combination of data gathering 
and analysis, as well as simulated events and real operations in the case of the connected customers. The 
trials took place in the FPP area to test the ability and functionality of different smart devices to aid more 
generation to connect to the network. The smart devices that have been trialled are: 
 

 ANM – the ANM system utilises inputs from measurement points across the network, smart devices 
and from customer generator control systems to determine a level of generation that can be 
accommodated in real time. This is communicated to the customer generator control system to 
enable greater utilisation of the network, without affecting the integrity of the electricity network; 

 Dynamic Line Rating (DLR) – the DLR system monitors the local environmental conditions i.e. wind 
speed and temperature to provide a real time rating for overhead lines. This enables greater 
utilisation of existing overhead lines; 

 Automatic Voltage Control (AVC) – the latest AVC system includes improvements to mitigate 
issues with voltage level on networks with large penetrations of generation; 

 Novel Protection Relays – modern protection relays are being utilised to trial alternative novel 
protection philosophies which mitigate network constraints associated with directional overcurrent 
schemes to create additional headroom for DG connections; 
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 Quadrature-booster – the Quadrature-booster is a phase shifting transformer that is able to control 
the flow of power through two parallel circuits, enabling greater utilisation of assets; and 

 Communication Platform – this passes the information from the control centre to the smart devices 
and ANM. 
 

The project encountered a number of key challenges through its life-cycle. It overcame two key technical 
challenges, which were related to the commissioning of the Quadrature-booster and a transient fault on the 
communications platform. 
 
During the final commissioning stage of the Quadrature-booster, the project came up against an important 
challenge associated with the finalisation of the protection scheme design. The actual design proved to be 
significantly more complex than originally envisaged and a number of validation exercises were required. 
The validation included internal peer reviews, an independent assessment by a third party engineering 
consultancy and a series of laboratory based simulations using a Real Time Digital Simulation (RTDS) 
system in order to conclude on the proposed configuration. 
 
Furthermore, during the cold commissioning of the Quadrature-booster transformer (May 2013), a number of 
technical queries were raised that resulted in additional site tests of the device. Specifically, the additional 
testing simulated on-site real operational conditions for the Quadrature-booster (i.e. the effect it will have 
when connected on an electrical line with lower impedance that is in parallel connected to an electrical line 
with higher impedance) and proved the principle of operation both in theory, but also in application. These 
additional tests took four weeks as equipment was required to be procured and set up (load banks, reactors, 
voltage regulators), safety documentation to be produced for test set-up and analysis to be carried out after 
the conclusion of the tests in order to determine whether these were conclusive. This led to significant 
learning for future modelling, design and testing process of phase-shifting transformers. 
 
During the trial phase, the project identified an issue with the communications platform causing intermittent 
failure of communication links of multiple devices. The main challenge for the project team was to identify 
the cause of the fault due to its intermittent nature. The failures were unpredictable and it was not possible 
to simulate it for testing. It required considerable coordination among project partners and UK Power 
Networks teams to develop a test strategy and perform troubleshooting activities. The issue was caused by 
the interface module of the Wide Area Network (WAN) routers not being able to reliably support 
communications required by the Master Failover Protocol between two back-haul sites and once identified 
the project team worked to find a suitable solution and successfully implement it.   
 
3. Details of the Work Carried Out 
 
3.1 Commercial Arrangements 
 
Method Used 
Prior to the development of the commercial arrangements the project undertook an extensive stakeholder 
engagement study with key industry stakeholders, generators and UK Power Networks departments, as 
detailed in SDRC 9.1 – Stakeholder Engagement, to fully understand the key technical and commercial 
challenges of the project.  
 
Following this, a thorough analysis and development of the commercial arrangements  that could be trialled 
in the chosen area was undertaken and the results were shared in SDRC 9.2 – ‘Principles of Access’ report 
in December 2012. This work led to the development of the Capacity Quota approach, the results of the 
commercial arrangements study are summarised in section 4. 
 
A number of key documents were then updated to ensure that they covered the key terms that tailored the 
offer to be a flexible connection offer. The documents that were modified were the Connection offer and the 
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Connection Agreement, with a number of other documents being created to support the connection offer, for 
example, the curtailment analysis.  There were a number of templates created for each based on the 
commercial arrangements, which are on the FPP microsite1. The project continued to develop these 
documents as more customers connected and feedback was received. 
 
Finally, the offer was available to an initial six customers from the 1 March 2013 and the project continued 
making flexible connection offers throughout the project with the area handed over to the business as of 
January 2015. 

 
Figure 1: Development stages of the FPP commercial offer 

How was it trialled? 
The best way to trial the commercial solution was by making flexible connection offers to DG customers who 
wished to connect within the trial area, this enabled the project to see whether, in practice, the FPP offer 
was a viable alternative. The flexible connections gave the customers an option for a different type of 
connection, at a cheaper price, but with the likelihood of generation curtailment at peak times. The flexible 
connection then had to be compared against the business-as-usual alternative and the customer needs to 
decide which connection option provides the best solution.  
 
Through the trials, the project successfully designed and implemented a methodology for offering flexible 
connections that provided DG customers within the FPP trial area with a cheaper and faster alternative 
method of connecting to a heavily constrained area of the distribution network compared to the normal 
business-as-usual approach, as highlighted in section 4 As part of the methodology of processing the 
flexible connections, saw the customer application, quotation and delivery integrated into the business-as-
usual process. 
 
3.2 Communication Platform 
 
The method used 
 
In order to be able to interact with the generators, the FPP project has to commission technical 
infrastructure including new communication points. The requirements of the project was to develop a 
technical infrastructure independent from the operational SCADA infrastructure and also to be scalable in 
order to cope with the connection of  new generators in the trial area.  
 

                                                      

 
1
 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/ 

 

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/
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Moreover the majority of the DG connection projects in the FPP trial area were based in rural areas or 
greenfield sites without the facility of standard communication infrastructure, since it required establishing 
links to new sites (generator sites). This meant the project would face considerable delays in establishing 
a communications connection unless an alternative solution was designed to enable a communication link 
to the UK Power Networks control centre. The Radio Frequency (RF) mesh solution has been identified 
as a good candidate to cope with all those challenges. 
 
When designing the communications platform the following key criteria were identified in selecting an IP 
based communications platform, RF mesh technology and open standard protocols: 
 

 Plug and play: Demonstrate the ‘plug and play’ approach of the project by the ease and speed of 
integrating new generators and facilitate the connection of smart devices; 

 Interoperability: Utilising the International Electrotechnical Commission's (IEC) 61850 standard, 
which required IP based platform; 

 Scalability: Ability to expand the platform based on penetration of DG’s in varied geographic 
locations; 

 Robustness: Maximise the export of the DGs by providing a self-healing RF Mesh Network mesh 
network; 

 Repeatability:  The design can be replicated in parts or a whole irrespective to the vendor providers 
or the geographical location of the DNOs. 

 
The project first specified a set of requirements for the design and build of the end-to-end communications 
platform, as shown in Table 1. 
 

Requirements Description 

Connectivity to 12 substations 
Two 132/33kV grid substations 
Ten 33kV/11kV primary substations 

Node connectivity to the ANM 

solution 

Each node in the RF mesh is required to connect to the centrally located 

ANM server.    

Smart Device and End Device 

Connectivity 

Establish connectivity for the proposed smart devices via a Local Area 
Network (LAN) connected to a RF mesh node at every UK Power Networks 
location.  

Remote management and 

monitoring system 

An instance of the GridScape management system will be hosted at SSN’s 

Data Centre with continuous visibility of RF Mesh Network 

Coverage to new Generators 

A canopy approach to be taken in the design of the RF Mesh Network to 
provide coverage to sixteen potential new generator locations, either a 33kV 
or 11kV interfacing substation.  

Extension and diversity 

Extended reach-ability of the network and enhance the mesh connectivity 
between the nodes by using relays on LV distribution poles.  No new radio 
licences and no new consents required for equipment mounted on poles. 
 

Data Protocols 

The FPP communications platform to support IP-based protocols with the 
following to be tested and proven: 

 DNP3 (Distributed Network Protocol) over IP 

 IEC 61850 using MMS mapping 

 SNTP (Simple Network Time Protocol) 

Capacity 

 

The RF Mesh Network is to be developed to support one second polling to 
meet the worst case scenario of the data pull of the ANM solution.(It is to be 
noted that this requirement was later modified as part of the system 
optimisation action) 

Table 1: Communications Solution Requirements 

http://en.wikipedia.org/wiki/International_Electrotechnical_Commission
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The design process brought together design elements that combined to deliver an end-to-end IP 
communications infrastructure that could handle multiple communication protocols (including DNP3 and IEC 
61850) to meet the FPP project requirements. The communication platform design process had four 
elements: 

1. WAN 
2. RF Mesh Network 
3. Local Area Network (LAN) 
4. GridScape Management Tool 

 
How was it trialled? 
The communications platform acceptance test methodology was developed to ensure that the overall 
communications solution, including the RF mesh network met or exceeded the expected performance 
criteria set in the test specification. The set of performance tests were designed to test the overall 
communication platform on various parameters such as latency, bandwidth, congestion, corruption, 
overload, failover and redundancy, which are all detailed in the SDRC 9.3 report. Communication platform 
commissioning certificates can be supplied upon request. 
 
The communications trial methodology was developed to validate the capability of the communications 
technology designed and delivered to support the open standard and IP based data communications within 
the FPP trial area. The trial also assessed whether or not the proposed canopy approach and selected RF 
mesh technology could prove to achieve plug and play integration of DG. The fully tested network was 
trialled under various simulated and operational scenarios in order to assess its overall performance, 
identifying relevant areas for enhancement and optimisation. 
 
Four hypotheses were developed in order to meet all the use case learning outcomes included in the FPP 
Use Case document. Each hypothesis focussed on a particular set of functionalities of the communication 
solution as summarised below: 
 

Hypothesis Description 

COM001 Communications network is able to reliably operate under various network and weather 
conditions  

COM002 Communications network supports smarter Flexible plug and play feature  

COM003 Interoperability and multiple IP based protocols are concurrently supported over the 
network of wide geographic area  

COM004 Communications network offers high level of security for smart grid architecture with 
enhanced detection, monitoring and management facilities  

Table 2: List of Communication Trial Hypotheses 

3.3 Quadrature-Booster 
 

The Method Used 
 
The Quadrature-booster, a phase shifting transformer, was designed and installed at Wissington to improve 
the balance of power flows across the two parallel circuits. This was the ‘first’ Quadrature-booster to be 
design and installed on a distribution network to achieve optimal load sharing.  
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 Figure 2: Line Diagram of the Wissington Network 

 
The Quadrature-booster was used to release capacity headroom on the existing assets, which can be used 
by either generation or demand customers for their connection on the distribution network. The Quadrature-
booster trial at Wissington was primarily driven by a generation export constraint on a CHP generation plant 
located at Wissington British Sugar Factory, Norfolk. The installed turbine capacity is 70MW and is reported 
to be limited by the available export capacity on the distribution lines. The generation export is shared 
across three circuits according to their electrical impedance which, amongst other factors, is related to their 
relative circuit lengths which is detailed in the Quadrature-booster Trial Report.  
 
The objectives of the trial were to demonstrate the functionality and reliability of the Quadrature-booster over 
the trial period (August 2013 – September 2014); that the Quadrature-booster operated according to design 
requirements and operated in both manual and automatic modes and achieved optimal load sharing levels 
on the two parallel circuits. By achieving  load sharing between the parallel circuits, use of the Quadrature-
booster released additional network capacity headroom of approximately 10MW, which would be allowable 
on the existing interconnected distribution network. 
 

The trial was modularised into five sets of hypotheses, which were tested, each focussing on a particular set 
of functionalities of the Quadrature-booster and its control system as summarised in the table below. 

 

Hypothesis Description 

QBR001 The tap changer can be raised / lowered between Tap 10 and Tap 17 positions to buck/boost 
respectively.  

QBR002 By raising/lowering the tap position starting from nominal tap, optimal load balancing is 
achieved between the two circuits. 

QBR003 Quadrature-booster Control System (QBCS) can carry out automatic load balancing to enable 
load sharing between two parallel circuits.  

QBR004 For every tap change a proportionate phase angle change occurs, which directly correlates 
the ‘No Load’ test values on the Quadrature-booster nameplate and Factory Test Certificate. 

QBR005 Optimal load sharing between Northwold No.1 and Downham Market No.2 parallel circuits 
would create approximately 10MW additional capacity headroom at Wissington 33kV 
boundary network. 

Table 3: List of Quadrature-booster Trial Hypotheses 

 

 



Flexible Plug and Play 
Closedown Report 
 

 

 

 

 

 

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 11 of 64 

 

How it was trialled?  
The trial monitored real power (MW), reactive power (MVar), current, system voltage and voltage phase 
angle across the Quadrature-booster and the tap position profile for a period of one year. Three data 
recording systems were used namely Power Quality Monitors (PQMs), DR-C50 transformer management 
equipment, and half-hourly data stored in a time series historian (PI). The DR-C50 is a comprehensive 
transformer online monitoring and management equipment that is configurable to provide an economical 
solution for monitoring, control and communication. The DR-C50 was installed together with a Calisto 9 (for 
online dissolved gas analysis) as part of the enhanced monitoring requirements specified for the 
Quadrature-booster. Instantaneous power flows (minute granularity) for the Downham Market No.2 circuit 
and Quadrature-booster tap position analogues were obtained from the DR-C50 equipment. The power flow 
data was compared to the values recorded by the PQMs installed in the same feeder for validation. PI 
historian data was used to compare the loading on the three 33kV circuits emanating from Wissington and 
the CHP export profiles for a period of two years – 2012 to 2013, and 2013 to 2014. 
 
3.4 Dynamic Line Rating 
 

The Method Used 
 
The objective of the DLR trials was to increase the utilisation (where possible) of the existing 33kV overhead 
lines at a lower cost compared to traditional conductor replacement, and to expedite the development of 
baseline DLR package for deployment elsewhere on the network as required. The trial utilised previous 
experiences from various trials of weather based DLR systems, which monitor weather conditions as a 
proxy for conductor sag and conductor clearance as opposed to measuring conductor sag directly. 
Particular reference was made to the E.ON Central Networks trial of a weather based DLR system, which 
was installed on a 132kV circuit from Skegness to Boston2.  The DLR trial focused on identifying suitable 
considerations for the design, installation, configuration and management processes associated with the 
implementation of indirect weather based DLR systems.  
 
The DLR systems were installed at UK Power Networks owned substations, as were the weather stations 
which were mounted at a similar height to the overhead lines so as to best represent the weather conditions 
at the overhead lines.  
 
Each of the DLR systems consisted of the following components: 

 Alstom Micom P341 relay; 
 Lufft WS501-UMB weather station complete with a digital to analogue converter; 

 
In addition to the core system components, an Alstom BiTRONICS M871 Data Logger was also installed to 
provide a means of storing the data collected as part of the trial.  
The output from the indirect DLR system is predominantly based on conductor characteristics and inputs 
from the associated weather stations. The DLR systems were initially configured using recommendations 
from previous projects, and these settings were further analysed to validate the approach and to identify 
opportunities to further optimise the system. 
  
The approach used as part of the FPP project is similar to the approach proposed by E.ON Central 
Networks in the trial at Skegness to Boston, in which it was suggested that multiple weather stations should 
be used with a comparator to use the worst case weather condition, which would effectively give a very 
similar, if not exactly the same ampacity.  
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The approach adopted by Northern Power Grid as part of their Customer Led Network Revolution, however, 
differs slightly more in that the weather stations were installed on what was considered to be the sheltered 
section of the line. Whilst it is agreed that the approach adopted by Customer Led Network Revolution would 
provide a closer representation of the worst case weather conditions on the line, the provision of small 
power and, in particular, a reliable means of communication would impact on the availability of the system.  
 
Given that it has been concluded that, due to the high correlation on the weather parameters across a line, 
the worst case weather conditions can be reasonably estimated across the line, which Northern Powergrid 
also found as part of the Customer Led Network Revolution project, it seems logical that the DLR systems, 
or at least the weather stations, be installed within the substation. This also allows for greater expansion of 
the system throughout a substation, as one weather station could support multiple overhead lines.  
 
How it was trialled? 
Four dynamic line rating systems were deployed across the 33kV network within the trial area. These 
systems were expected to provide near real-time ratings for approximately 40km of overhead line, with the 
smallest section approximately 1km, and the largest section approximately 17.5km.  
 
The output of these systems was compared to check correlation across the four installation sites. The 
summary of this comparison is detailed as follows: 

 The ambient temperature was found to highly correlate across the four sites, with Pearson’s 
correlation coefficients of 0.99, and only subject to small changes;  

 For the wind velocity, it was found that a 30 minute rolling average for the wind velocity would enable 
ampacity comparisons to continue at an appropriate level of precision, with Pearson’s correlation 
coefficients as low as 0.74, However, improvements in the correlation peaked for a 10 minute rolling 
average; 

 For the wind direction, there was a considerably smaller correlation across the sites, with Pearson’s 
correlation coefficients as low as 0.45, which justified the decision not to assume that the wind 
direction measured at one site could be applied elsewhere, and therefore to apply a fixed wind 
direction.  

 
Following the comparative analysis of the data collected, it was found that there was a risk that the ampacity 
calculated at a single location may not be representative of the whole line under consideration. This is of 
particular importance for instances where DG (or any controllable load) will be connected to the distribution 
network via an ANM system, as it is quite possible that the conductor currents will match the ampacity for 
extended periods of time. If the ampacity provided is not representative of the entire line then there is a risk 
that the conductor temperature could exceed the design temperature. It was therefore necessary to consider 
further developments to the application of DLR systems to reduce this risk. As part of the trial, this was 
investigated by utilising the recorded weather conditions across the three sites for one year and 
retrospectively calculating the ampacity for a generic type conductor, in this case Jaguar.  
 
Two possible solutions to account for this variance were considered and further evaluated, namely: 

 Use the worst ampacity calculated; 
 Apply a Wind Velocity correction factor of 0.74 to de-rate wind-speeds and therefore their assumed 

cooling effect on the line. 
 
Considering the two options, it was evident that the use of multiple weather stations would enable greater 
mitigation of the risks associated with using DLR systems, namely that the weather data from one weather 
station does not fully represent that elsewhere on the circuit. The use of lowest calculated ampacity value 
from multiple DLR systems would also ensure that there were no known excursions from the ampacity 
provided. This approach would enable greater utilisation of the overhead line if used to enable the ANM of 
distributed generation and/or manageable loads. It should be noted that for wind generation, both options 
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are likely to yield similar gains, due to the high correlation between the wind velocity and the output of wind 
generation. 
 
3.5 Frequent Use Switches 
 
The Method used 
 
The original scope of the project included a provision for two frequent use switches to be deployed at a 
strategic location on the 33kV overhead line circuits between Peterborough Central and March Grid 
substations to enable seasonal running arrangements and network reconfiguration to maximise the DG 
connected onto the network. Since then, it was identified that a reinforcement project currently being carried 
out at the same strategic location that will utilise Ring Main Units (RMUs) that it can deliver the same 
functionality.  As such there was no need to install the frequent use switches and a Change Request was 
formally submitted and approved by Ofgem (Reference CR 0014).  
 
The objective of this trial was to increase the remote switching flexibility and adopting different network 
configurations on the existing 33kV overhead lines in a cheaper and faster way, compared to the traditional 
method of sending a resource to site. 
 
The RMUs were installed to address an existing issue with the loading of the 33kV circuits feeding Chatteris, 
Whittlesey and Funtham’s Lane from March Grid. The RMUs provide the flexibility to run the network with 
normally open points (NOPs) on the March Grid legs at Whittlesey. This will enable Funtham’s Lane and 
Whittlesey primary substations to be fed from Peterborough Central and overcome the loading issue 
referred to above. Through the ANM system, the status of the March Grid legs of the Whittlesey RMUs could 
be monitored and allowed network configuration changes by increasing the flexibility to move load between 
Peterborough Central and March Grid. Please see Appendix 1 for the network diagram. 
 
How it was trialled 
The capability of the ANM to cope with various running network arrangements was the key demonstration of 
this trial. This use case experiment demonstrated how RMUs can be used to assist the ANM system by 
reconfiguring network to enhance network performance or remove barriers to DG. It consisted of first 
simulating how the system responded to a change of switch position and secondly to demonstrate that the 
system could communicate with field device such as the newly commissioned RMU at Whittlesey. 
 
The RMUs are controlled by the Control Engineers via the RTUs using DNP3 protocol over the SCADA 
communication network. The ANM system received the switch position indications in real time from the RTU 
using the IEC 61850 protocol thereby, actively updating its database to reflect the topology of the network. 
 
3.6 Novel Protection Relay 
 

The Method Used 
As part of UK Power Networks protection schemes, Directional Overcurrent (DOC) protection is applied on 
the 33kV side of transformers to provide back-up protection to an intertripping system, to suitably isolate the 
33kV network and prevent any back-feed in the event of a fault on the 132kV network. For the DOC scheme 
to remain stable, the reverse power flow must not exceed the DOC setting. As such, the levels of generation 
are limited to ensure that the power flow onto the 132kV network does not exceed 80% to 85% of the DOC 
current setting.  
 
As part of the FPP trial, Alstom MiCOM P142 feeder management relays have been installed at March Grid 
and Peterborough Central. A number of alternative solutions to DOC protection were investigated, although 
only three were implemented as part of the trial, namely: 

 DOC automatic disabling scheme  
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 Combined Directional Negative Phase Sequence (DNPS) and Directional Voltage Dependant 
Overcurrent  (DVDO) scheme 

 DOC with Load Blinding Functions 
 
The relays at both sites were configured to operate using a traditional DOC scheme but with additional logic 
to automatically disable the DOC scheme on the “healthy” circuit following a loss of a circuit. At March Grid, 
it was necessary to include a further auto-switching scheme which both disables the DOC and opens a 33kV 
interconnection in the event of a loss of either of the site transformers. Unfortunately this reduces the 
security of supply of the wider network, and therefore only considered as a short term. 
 
The relays were also configured to include both of the additional schemes identified, namely Combined 
DNPS and DVDO scheme and the DOC with Load Blinder Functions. 
 
How it was trialled?  

The DNPS and DVDO scheme was configured to alarm only, which enabled the stability of the system to be 
verified in a field environment without impacting on the security of the system. Data loggers were also 
installed on 33kV incomers at both sites in order to monitor the background negative phase sequence (NPS) 
levels, which were used to find a method for determining suitable DNPS protection settings  

For the DOC with load blinder functions, the relays were configured to provide alarm indications for two 
additional DOC schemes. The first of these was a very low DOC setting without load blinding function 
applied, for which it was expected that a number of events would be generated for non-fault scenarios. The 
second additional DOC setting was set at the same low value for the DOC but with the load blinding 
functionality enabled. The settings for this load blinder scheme were determined using the approach 
provided by Alstom3 For the trial to be deemed successful there should be a number of events for the 
unblended DOC but no recorded events for the blinded DOC, unless the load blinder is off for which there 
should be both events. 
 

3.7 Advanced Automatic Voltage Control 
 
The method used 
 
The aim of the trial was to assess the potential to enhance voltage control on 33kV and 11kV networks by 
integrating the standard voltage regulation relay, deployed during the delivery phase of the project, with the 
ANM platform. Distinct solutions have been developed for the 33kV network and for the 11kV network as 
these two types of network present different challenges and specific voltage control issues. 
 
Fundamentals Ltd developed two separate AVC algorithms for use on the 33kV and 11kV networks. 
Smarter Grid Solutions subsequently developed the active network management system to incorporate 
these algorithms. Both algorithms were tested offline and then online in an open loop to test the feasibility of 
the system prior to deployment on the live network. 
 
For the 33kV network, the ANM system was configured to calculate the required voltage target by 
comparing transformer and feeder measurements at the grid substation (March Grid) with remote 
measurements at the Point of Common Coupling (PCC) at a number of DG sites. This calculated optimum 
voltage target will be communicated to the voltage regulation relay at the Grid Substation using the IEC 
61850 protocol. 

 

                                                      

 
3
 Wixon, A et al, 2014. Load Blinding stabilisation for DOC relays subjected to reverse load flow, DPSP 2014 
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For the 11kV network, a load ratio is determined using remote measurements at points of common coupling 
at a number of generation sites. This load ratio is a measure of the load and DG output/export on the 
network and is dynamic. Under current design philosophies the load ratio is fixed at the design stage of the 
AVC implementation.  
 
How it was trialled? 
In both instances, the output of the SuperTAPP n+ systems were compared against the voltages obtained 
from network studies, with the objective of identifying the system that most closely reflects the voltages that 
would expected on the network under the given conditions. The three SuperTAPP n+ systems compared 
included the SuperTAPP N+, the SuperTAPP n+ relay with feeder measurements and SuperTAPP n+ 
system with the SGS algorithm. 
 

3.8 Active Network Management 
 

The Method used 
 
The ANM system was designed to actively manage power flows and voltage levels in the FPP trial area and 
the thermal, voltage and reverse power constraints.  
 
The first step of the design process was the development of the overall system specification, a subset of it 
was the ANM Functional Design Specification which included:   
 

 The hardware and software platforms to be delivered; 
 The functionality of each element of the ANM system; 
 The data requirements of the ANM system; 
 The communication links between the components of the ANM system; 
 An overview of the testing required to verify system functionality. 

 
Following the specification stage, the ANM system was implemented, composing of three centralised 
servers communicating with the field devices as described in SDRC 9.4. It consists of:  
 

 Communication Front End (sgs comms hub): The communication Front End performs all data 
handling and processing for the ANM system via a range of industry protocols. The communication 
front end is configured to use IEC 61850, DNP 3.0 and OPC for project;  

 Application Server (sgs core):  The Application Server is a modular, integrated, flexible and 
scalable execution environment upon which the SGS smart applications (i.e. Power Flow 
Management Application, Voltage Management Application, Dynamic Ratings Application) are 
deployed;  

 Power Flow Management Application (sgs power flow): The Power Flow Management 
Application manages the power flow through chosen points on the network ensuring it remains below 
specific thresholds. Power flow management is achieved by regulating the output of distributed 
generators whose power export impacts on the power flow through constraint locations on the 
distribution network; 

 Voltage Management Application (sgs voltage): The Voltage Management Application manages 
voltage at chosen points on the network ensuring it remains within specific thresholds. Voltage 
management is achieved by regulating chosen parameters of controllable devices (i.e. in the case of 
FPP, the real and reactive power of generators) associated with the voltage constraints. 

 Dynamic Ratings Application (sgs ratings): The Dynamic Ratings Application monitors weather 
and network information, and calculates the line power/ampacity ratings for use by the Power Flow 
Management Application;  

  Generator Controller (sgs connect): The Generator Controller interfaces with and controls 
devices connected to the distribution network. It is deployed at every location a device controllable 
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by the ANM has been installed, receiving signals and transmitting information.  Within the FPP 
project its main function is connecting to DG customers. The Generator Controller also implements 
an autonomous fail-safe mechanism in the event of non-compliance, loss of communications or 
abnormal operation.  

 
How it was trialled? 
The FPP project required the testing of the two sets of ANM platform: Pre-production and Production. For 
each of these ANM systems there were two test stages: Factory Acceptance Test (FAT) and Site 
Acceptance Test (SAT).  
 

1) FAT’s were performed to test all functional and non-functional elements of each sub-system 
component. The FAT’s were carried out on both the pre-production and production sets of hardware, 
with test simulators being used during the tests; 

2) The SAT’s of the ANM pre-production hardware were carried out within an FPP-wide pre-production 
environment (the integration laboratory) set up by UK Power Networks which includes the relevant 
test simulation equipment. SAT of the ANM Production hardware was carried out once all the 
production equipment had been installed in the live environment. 

 
In order to ensure that all the relevant tests had been carried out, the Acceptance Test Specification (ATS) 
for the ANM system was defined. This document described a suite of tests used to ensured that all 
functionality declared in the Functional Design Specification was adhered to. It detailed the individual tests 
performed at each stage of acceptance testing.   
 
The SAT of the pre-production platform was then completed forming the core element of the integration 
laboratory and providing the evidence to the successful delivery of pre‐production interoperability test for 
FPP's smart applications. The site acceptance test of the production platform was completed in July 2013 
which met the requirement for the successful installation and commissioning of production smart 
applications as part of the evidence for the SDRC 9.4. 
 
A trial design was developed as a methodology for the structured tests and analysis required for fulfilling the 
corresponding Use Cases stated within the FPP High Level Use Cases document. .  
Twelve hypotheses were developed, each focussing on a particular set of functionalities of the ANM solution 
as summarised below: 

 

Hypothesis Description 

ANM001 ANM manages DG output to mitigate reverse power flow constraints 

ANM002 ANM manages DG output to mitigate thermal constraints 

ANM003 ANM manages DG output considering commercial arrangements 

ANM004 ANM is able to cope with various running arrangements to actively manage the grid 

ANM005 ANM uses Dynamic Rating information in the power flow calculation 

ANM006 ANM actively manages the grid in coordination with the QBCS 

ANM007 ANM manages DG output to mitigate voltage constraints 

ANM008 ANM manages DG output to mitigate voltage constrains in coordination with AVC 

ANM009 ANM coordinates the management of Power Flow and Voltage 

ANM010 NM is able to cope with devices and communication failures 

ANM011 The Rating Application increases the useable rating of constrained lines 
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ANM012 ANM actively manages the grid in coordination with a storage device 

Table 4: List of ANM Trial Hypotheses 

 
The approach applied by the FPP project consisted of three trial phases, the monitoring phase; the 
simulation phase; and the operational phase. The three phases were spread across a period of over 12 
calendar months to cover various seasonal variations and operating conditions in order to carry out overall 
assessment of the ANM approach. 
 

 Monitoring: Monitoring the status of the network, more specifically active power flows and voltages, 
in the trial area. It aimed to define the baseline performance to allow the comparison carried out at 
the simulation and operational phases. For that purpose the existing Remote Terminal Units (RTUs) 
already in place in the trial area and the smart devices commissioned as part of the FPP project 
were used to gather the measurements via the FPP communication infrastructure; 

 Simulation: As the planning and delivery process of the new generator connections were not under 
the full control of the project, it was necessary to robustly test the concept in a simulation 
environment in order to build adequate trial experience. A simulation platform was designed to 
enable the assessment of various use cases including those network contexts which would not be 
possible to carry out during the project duration;  

 Operation: The purpose of the operational phase was to undertake close monitoring of the system 
performance after the connection of the live generators in the trial area. This provided the system to 
be put under genuine constraint scenarios and observe the response of the ANM and performance 
of the overall system. 

 

3.9 Strategic Investment Model 
 
Method used 
 
Planning in current distribution networks is conducted using load flow based tools that together with other 
analytical tools (e.g. Excel) provide the necessary information to network planners to come up with informed 
decisions on an incremental basis (i.e. forecasting the reinforcement requirements for the following 
regulatory period based on network asset conditions, load and generation forecasts). The application of 
smart technologies and commercial arrangements trialled in the FPP project showed the technical benefits 
and short term financial benefits they may offer and highlighted the importance of the inclusion of these 
technologies (i.e. DLR, Quadrature-booster, frequent use switches, tap changers) in the planning stage of 
distribution networks. Such technologies may provide an alternative solution to network reinforcement in the 
short term, but there are few tools that assess the long term cost effectiveness of such solutions 
 
The Strategic Investment Model (SIM) was designed, developed and assessed to evaluate the benefit of 
smart technologies and commercial arrangements in the long term. The SIM is a desktop-based simulation 
tool whose method is the multi-period security constrained optimal power flow. 
 
Trial Methodology 
A number of case studies were formulated and conducted using simulations with the SIM. The case studies 
used updated technical data for the Eastern Power Network, commercial data from the FPP project and 
generation forecasts from the Smart Grid Forum.  
 
4. The Outcomes of the project  
 
4.1 Commercial Arrangements 
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Pro-rata curtailment can allow more generation to connect, increasing network utilisation 
Detailed analysis of a number of potential solutions was carried out before any commercial arrangements 
could be selected and trialled. A solution was sought to meet five criteria, as well as suit the network 
constraints within the FPP trial area.  The work was detailed in the Principle of Access report – December 
20124 and the five criteria used were: 
 

1) Network Efficiency – how the commercial arrangements can result in the best utilisation of the 
distribution network; 

2) Certainty – provide a good level of confidence in curtailment, and the customers place within the 
capacity queue; 

3) Simplicity – how easy the method is for customers to understand and for implementation by UK 
Power Networks; 

4) Fairness – how equitable the application and implementation of the  commercial arrangements can 
be;  

5) Learning – to provide learning over and above other LCNF projects using ANM of DG. 
 
The project actively trialled two commercial arrangements the trial area; these were a Last-In-First-Off 
(LIFO) approach and a pro-rata solution. Pro-rata was selected as a priority solution due to the ability to use 
this on the relatively simple constraint at March Grid, which was reverse power flow. The pro-rata approach 
enabled maximum utilisation of the network, as it allowed generators to connect to the network and be 
curtailed proportionally to their export, along with all other generators to connect, therefore reducing the risk 
of high levels of curtailment. LIFO had previously been used by Scottish and Southern Electricity in their 
project, Orkney Smart Grid and it was used at Peterborough Central Grid as this area of the network had a 
number of different constraints on different sections of the network, making it too complex to utilise a pro-
rata approach. 
 
In order for the pro-rata approach to be effectively applied, there needed to be a cap to the capacity that was 
allowed to connect. This was set at the level where the cost of curtailment over the lifetime of the projects 
connecting was equal to the cost of reinforcement. By basing analysis on all wind generation connecting, 
this gave a capacity quota of 33.5MW. By setting this cap, it meant that a greater deal of certainty could be 
given to customers around their curtailment level. The decision was made to introduce a capacity quota at 
the level where the cost of curtailment for all generators was equal to the cost of reinforcement. This is 
because at that point it makes sense for the DG customers to collaborate to pay for the reinforcement, so 
that they eliminate the risk of curtailment in the future. 
 
The pro-rata approach has proven popular with 13 generators accepting generation quotations connecting 
to this part of the network. Two generators have accepted generation offers for the Peterborough section of 
the network based on LIFO commercial arrangements. 
 

Faster and Cheaper connections 
The flexible connection gives the customer an option for a different type of connection, which is cheaper, 
though means generation can be curtailment during peak times. The customer must then assess this 
against the business-as-usual alternative and decide which option provides the best solution for their 
project. FPP has demonstrated that when taking into account the calculated level of curtailment the flexible 
connection is a viable option for the majority of customers.  To date the project has made 40 connection 
offers and 15 customers have accepted the alternative connection offer. Five of these customers have 
already been connected to the network, and UK Power Networks has the ability to turn the generation down 

                                                      

 
4
 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-

Documents/FPP_Principles_of_Access_report_final.pdf 
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at time of peak generation.  In total the project has saved accepted DG customers within the trial area 
approximately £44 million on their connection offers, or £36 million, when including the cost of the ANM and 
curtailment. 
 
Through the trials, the project has successfully designed and implemented a methodology for offering 
flexible connections that have provided DG customers within the FPP trial area a cheaper and faster 
alternative method of connecting to a heavily constrained area of the distribution network compared to the 
normal business-as-usual approach. The flexible connection has enabled an average connection cost 
saving of 87% for DG customers in the trial, compared to the business-as-usual alternative and reduced 
connection lead times by over 57%, or an average of 29 weeks. This has also led to higher acceptance 
levels for flexible connection offers, compared to business-as-usual offers, which are around 33% compared 
to an average of 20% for conventional offers. 
 
Cambridge University’s Energy Policy Research Group (EPRG) 
The University of Cambridge were initially brought on board with the project to provide economic, regulatory 
and competition analysis for the FPP strategic investment model. They have provided a cost benefit analysis 
of the FPP model and studied the regulatory issues arising from the use of FPP. These have been 
summarised in the five reports, which can be found on the FPP website under further reading5. 

 
The findings from the Cambridge University studies were disseminated and discussed at an event at 
Cambridge University on 6 June 2014. 
 
4.2 Communication Platform 
 
Purpose built communication platform to enable “plug and play” connection of DG 
The project approach was based on preparing a radio canopy covering the trial area in advance to the 
connection of a DG. This is a different approach to the common practices in the distribution network where 
communication infrastructure is either extended to connect to the existing DNO infrastructure or subscribe to 
a third party telecommunications infrastructure. 
 
For smart grid deployments where a specific area is defined like the FPP trial zone, the project highlighted a 
number of benefits in deploying a purpose built communication network based on RF mesh technology and 
owned by the network operator. The main benefits included flexibility in optimising the network; speed of 
installation; better visibility by the network operator; and ease of scalability. The cost benefit would increase 
as the networks grow in size which also means that this approach would not be cost effective for small scale 
deployments. 
 
Learning from the deployment of the UK’s first primary and grid level RF mesh network 
The project generated significant learning in designing, testing and operating a RF mesh network in a 
distribution network environment. The FPP trial was conducted on a development licence for the spectrum 
from Ofcom (Office of Communications) using the 870 to 876 MHz unlicensed radio spectrum. However, in 
June 2014, Ofcom published amendments to wireless telegraphy licence regulations in the 870 to 876 MHz 
and 915 to 921 MHz spectrum bands, allowing their use on a licence exempt basis in the UK. 
 
The design process involved initial desktop modelling of the network followed by multiple stages of design to 
achieve the final design.  The image in Appendix 1 illustrates the modelled links on a satellite view of the 
geographic location of the trial area and the image in Appendix 2 illustrates the coverage plots of the nodes 
after the final field design. 

                                                      

 
5
 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/  
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The mesh topology of the FPP network consisted of both short links to long distance links.  The minimum 
mesh link distance was few metres between the Master eBridges to the Remote eBridge housed within the 
same grid substation and the longest link being approximately 40km. The RF Mesh Network components 
included eBridge, Access point (AP) and Relay devices to form an IPv6-enabled logical IP network across 
the FPP Trial Zone. Field service units were issued to UK Power Networks operational staff with training on 
required areas. 
 
The end to end communications platform including the RF mesh and WAN was developed as shown in 
Figure . This provided connectivity among every relevant components of the FPP architecture such as the 
ANM, the smart devices, the ENMAC, the DG controllers and the measurement points. 
 

 
Figure 3: End to end communications platform 

Self-healing and resilient communication platform to meet smart grid requirements  
The FPP communications solution was designed and tested with the dual hardware redundancy feature on 
every possible component of the architecture and where the dual redundancy was not possible to be 
implemented, the ANM application was designed to take fail safe actions. The challenge for the trial was to 
understand the overall impact of communication failures to various components in the architecture. A 
communications system failure between the ANM system and a Measurement Point (MP) could result in the 
ANM system issuing full curtailment to all associated DG to ensure that the power flows on the network 
remain within operational limits. 
 
The trial demonstrated that the communications platform was capable of supporting the requirements of the 
FPP project including the performance, plug and play feature, cyber security and support of multiple 
simultaneous protocols. The FPP communications trial report describes in detail the learning generated from 
the trial activities.  
The communication platform will be maintained and handed over to the business to connect the remaining 
10  generators that have accepted the flexible connection offer. Also, UK Power Networks is currently 
reviewing the communication strategy and the RF mesh is now eligible for consideration within that review. 
 
 
4.3 Quadrature-booster 
 
The Quadrature-booster Trial Report details the trial methodology and the trial outcomes, with the key 
finding summarised below: 
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Operational performance 
The Quadrature-booster was designed with 19 Tap positions (Tap 1 – Tap 19), which shift the power 
relating the tap position. The FPP Quadrature-booster has been designed to only use Tap 10 – Tap 19. A 
number of experimental and simulation tests were carried out and showed that the Quadrature-booster 
shifted power flows from the Downham Market No.2 to Northwold No.1 circuit with some spill over to the 
Southery No.3 at the Wissington site as expected. While at nominal tap (Tap 10), the power shifted was 
approximately 3.5MW (for a generation export of 42MW) due to the Quadrature-booster series transformer 
winding impedance. The recorded maximum power shifted was 3.6MW for a single step change from Tap 
10 to Tap 11 (and vice versa) under 43MW generation export. From simulations the power shifted by the 
Quadrature-booster while at Tap 10 was approximately 4MW for a generation export of 54MW. 

 
Quadrature-booster Control System (QBCS) 
The TAPCON260 relay was customised to function as the QBCS and successfully operated in both manual 
and automatic mode. To accommodate the biggest power step change per tap of 3.6MW the smallest 
bandwidth setting that could be set was ±1.9MW. During the trial period the bandwidth was set to ±2.25MW 
for a total bandwidth of 4.5MW. The QBCS operated correctly when the deviation in power flows reached 
the bandwidth thresholds and tap change signals were responded to.  One of the elements of the trial was to 
monitor the generation response when the Quadrature-booster changed tap position. Throughout the trial 
period no issues were reported on the generator protection scheme that monitors the three 33kV circuits. It 
can therefore be concluded that the ‘tap change in progress’ signals sent from the QBCS to the generator to 
mask protection appeared to have operated successfully. 
 
Capacity headroom created 
The initial trial objective was to create capacity headroom by using the Quadrature-booster. Prior to the 
Quadrature-booster the Downham Market No.2 circuit had reached its thermal capacity limit of 30MW when 
the generation export was approximately 55MW as shown in Figure 4 below.  

 

Figure 4: Graph showing circuits loadings against generation export prior to Quadrature-booster 

The recorded PQM data was sampled at 10 minute intervals and further filtered into two groups: (1) 
Quadrature-booster at Tap 10, and (2) Quadrature-booster at Tap 11. It was assumed that the CHP export 
was equal to the aggregate of the loads on the three 33kV circuits. Figure 5 below shows a scatterplot of the 
recorded circuit loads against CHP export for periods the Quadrature-booster was at Tap 11.  
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Figure 5: Scatter graph showing recorded circuit loadings at Tap 11 

Based on the data gathered Figure 5 demonstrates through extrapolation that the Quadrature-boosters has 
created an additional 10MW of headroom, although this is conditional on upgrading the QBCS.  
 
Prior to the installation of the Quadrature-booster, the Downham Market No.2 circuit was loaded 
approximately twice as much load as was on each of the Northwold No.1 and Southery No.3 circuits for the 
period September 2012 to June 2013 as expected. Following the commissioning of the Quadrature-booster, 
it was clear to see from the load profiles that the circuits are now operating closer to each other due the 
control and load equalising effect of the Quadrature-booster. These results demonstrated that the 
Quadrature-booster improved the load sharing between the two lines, and that additional 10MW capacity 
headroom was possible which provided a key learning point of this trial. The detailed analysis is outlined in 
the Quadrature-booster Trial Report. 
 
‘First’ Quadrature-booster on distribution network proven 
 

The trial was successful because the trial objectives were met. The trial set out to achieve optimal loading 
sharing between the Northwold No.1 and Downham Market No.2 circuits. The Quadrature-booster balanced 
power flows and the loadings on the two circuits were closer to each other with the Quadrature-booster in 
use. Based on experimental data and supported by network simulation studies the 10MW additional 
capacity headroom was proved. As a ‘first’ Quadrature-booster on 33kV network, the trial set out to ensure a 
smooth operation of the Quadrature-booster trial on a live network without compromising security of supply 
or existing network plant, for example, the Wissington generator with sensitive protection. This was 
achieved. 

The Quadrature-booster trial results aligned with the requirements of the Quadrature-booster design. 
However, it can be concluded that a finer step tap change would have been more useful, to be able to take 
smaller steps and more of them than the two recorded during the trial period. This would have made the 
control smoother to achieve a better optimisation of the load sharing between the two circuits. The capability 
of the Quadrature-booster to create capacity on the Wissington 33kV network is limited to its rating and the 
line ratings. If the level of generation export on the Wissington 33kV network continues to rise, the installed 
Quadrature-booster would be a temporary solution. At some stage the network will ultimately need 
reinforcement to continue accepting increased levels of generation. However, the Quadrature-booster 
project will allow approximately 10MW additional generation export to be connected to the Wissington 33kV 
network that may otherwise would have involved costly infrastructure reinforcement 
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4.4 Dynamic Line Rating 

The DLR Trial Report details the trial methodology and the trial outcomes. Below is a summary of the key 
outcomes of the trial: 
 
Identification of Default / Generic settings 
Based on this trial analysis, an overview of the final DLR system settings are detailed as follows, with a 
more comprehensive set of settings contained within the DLR trial Report6 
 

 Wind Direction: 20° (default value); 
 Solar radiation: 890 W/m2 (default value); 
 Wind Velocity: 10 minute rolling average; 
 Ambient temperature: 1 minute rolling average. 

 
In addition to the system settings, a recommended approach was identified to account for variations in 
weather conditions across the line. This approach included the installation of multiple weather stations at 
appropriate intervals along the line under consideration. The ampacity would be calculated at each location, 
with the values compared within the ANM system. The ANM system would subsequently utilise the smallest 
ampacity calculated when determining the necessary levels of curtailment of the connected distributed 
generation. 
 
Additional Gains from using DLR 
The additional capacity that could be made available through the implementation of the DLR system was up 
to 47%, compared to the summer static rating. This increase was generally limited by the static rating of 
other equipment installed on the network, with a short summary of the additional headroom that could be 
created through the implementation of the DLR system is contained in the Trial Report. 
 
 

 Average increase in 

ampacity (%) 

Additional 

capacity (GWh) 

Additional 

capacity (%) 

Minimum ampacity 14.0 30.1 47 

Table 5: Summary of additional headroom that could be made available using the minimum calculated ampacity 

 
Exceedance assessment  
During the data validation exercise it was noted that the ampacities generated by the DLR system were 
below the P27 static rating for long periods. This was contrary to initial expectations as the seasonal static 
ratings considered were based on single circuit radial systems for which there is expected to be 0.0% 
excursion time. As such, a further assessment was undertaken to identify the likely exceedance of the static 
ratings by retrospectively calculating the ampacity using the weather data generated. To compare the 
ampacity values and static ratings on a similar basis, the ampacity was calculated using the CIGRE 207 
model using direct measurements of 1 min averaged wind speeds and ambient temperatures and by 
applying a 0° wind direction and solar radiation of 0W/m2. Average exceedances for the four sites were as 
high as 21%. These results align with those published as part of similar projects, including that undertaken 
by Northern Power Grid, as part of the Customer Led Network Revolution Tier 2 LCNF project, for which 
20% of ratings observed at the sheltered sites were lower than the presently implemented P27 static ratings. 
Also, both Northern Ireland Electricity, as part of the project “Dynamic Monitoring of Overhead Line Ratings 
in Wind Intensive Areas” project, and Mott McDonalds report on “UK Power Networks: 132kV Pelham – 

                                                      

 
6
 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/ 
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Wymondley Overhead Line Uprating Proposal” identified that the levels of exceedances from the present 
ratings are far higher than expected. However, it has been noted it is unlikely that this has led to frequent 
conductor over-temperature situations because the actual load shape is rarely, if ever, such that the peak 
circuit load occurs during periods when the ambient temperature is high and the wind speed is low.   
 
4.5 Frequent Use Switch 

The simulated trial demonstrated in principle that RMUs could provide the flexibility to run the network with 
normally open points (NOPs) on the March Grid legs/circuits at Whittlesey. This could enable Funtham’s 
Lane and Whittlesey primary substations to be fed from Peterborough Central and overcome the loading 
issue referred above. Through the ANM monitoring the status of the March Grid legs of the Whittlesey 
RMUs, the constraint management scenarios could be altered if Funtham’s Lane and Whittlesey primary 
substations were configured to be fed from March Grid. 
 
The RMU can be used to implement active network configuration and thereby facilitate the ANM to enhance 
active power flow management process. This learning compliments the use case that explored the capability 
of ANM in utilising switch status information to detect the change in running arrangements. This enabled the 
project to generate the following learning outcomes; 

 The use of RMUs can offer value in reconfiguring the network to utilise the spare capacity from one 
circuit and mitigate thermal overloads on another circuit thereby, removing barriers to the connection 
of DGs; 

 Based on the indications provided by RMUs, the ANM can be implemented with flexible control 
algorithms to increase the energy export from the DGs. 

 
4.6 Novel Protection Relay 

The Novel Protection Relay Trial7 Report details the trial methodology and the trial outcomes. Below is a 
summary of the key outcomes of the trial: 
 
An approach to the application of the combined DNPS and DVDO scheme was identified 
Based on the data collected from the trial, along with the fault studies undertaken, both protection schemes 
trialled would remain stable for all instances where the power flow into the 132kV network was caused as a 
result of load. As per the fault study calculations, the systems would also respond to all fault types with fault 
impedances up to 100Ω.  
 
An approach to the application of DOC with load blinder functionalities was identified 
For the DOC load blinding scheme, the following approach could be applied, if being utilised as backup 
protection for 132kV circuits: 
 

 Standard DOC setting; 
 The minimum load impedance (Z Impedance) can be determined using the following equation: 

 

            
                      (     )

√                   
 

 
 The load blinder angle (Z angle) of 47° should be used for instances where the Relay Characteristic 

Angle (RCA) is 45°; 

                                                      

 
7
 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/ 
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 The under-voltage setting (Blinding V< Block) can be taken as 0.7 of the nominal phase-line voltage; 
 The NPS setting (Blinding I2> Block) can be taken as 0.38 of the CT primary rating. 

 
For the combined DNPS and DVDO scheme, the settings for the DNPS scheme would be taken as 50% of 
the minimum negative phase sequence and checked to ensure this is greater than 120% of the standing 
NPS levels. The setting for the DVDO scheme can be taken as 0.7 of the nominal phase-phase voltage. 
  
Following the completion of the trial, the DOC load blinding scheme was implemented at March Grid, as this 
most closely resembled the DOC scheme for which operational staff have confidence in the operation and 
testing. At Peterborough Central, the DOC automatic disabling scheme remains.  
 
4.7 Advanced Automatic Voltage Control 

Advanced Automatic Voltage Control Trial Report8 details the trial methodology and the trial outcomes. 
Below is a summary of the key outcomes of the trial: 
 
Improvements to the existing approach to AAVC are achievable 
For the both AVC trials it was found that the standard AVC system voltage target was lower than expected, 
which was caused by the effect of the generation on the Load Drop Compensation (LDC) as well as errors 
caused by power factor deviations. These errors were greater when more generation export was present on 
the network, which aligns with predictions from the initial network analysis. 
 
In both instances, the effective voltage target for SuperTAPP n+ with feeder measurements and standard 
UK Power Networks AVC settings of 97% basic voltage target and 5% LDC was much closer to initial 
expectations for the voltage control system, as it is not subjected to the errors caused by the power factor 
deviation and the effect of the DG is minimised.  
 
Benefits identified at 33kV 
For the 33kV trial, the benefits of the SuperTAPP n+ with SGS algorithm and voltage target updates based 
on voltage drops on each feeder were found to be lower than expected. This is due to the fact that there are 
not significant voltage drops on the network considered and the LDC boost was therefore not required. 
However, the requirement for the LDC boost might be higher in practice, as the initial trial phase did not 
include all of the generation connected onto the network.  For one particular generator that was not included 
within the trial due to communication issues, which was connected on a circuit with the highest voltage drop 
characteristics, the calculated voltage drop on this feeder was frequently used as the LDC bias. At the time 
of writing this report, the issue with communicating with this site was being investigated, with the fault 
expected to have resulted due to issues with the interface to the telecommunication equipment 
communication configuration.  
Benefits identified at 11kV 
For the 11kV trial, the effective voltage target for SuperTAPP n+ with feeder measurements and generation 
estimation was much closer to the expected voltage target as it is not subjected to the errors caused by the 
power factor deviation and the effect of the DG is minimised. However changes in the network load ratio 
caused underestimation of the generation on the network, which reduced the effectiveness of LDC. The 
SuperTAPP n+ with SGS algorithm and dynamically updated load ratio was found to be the most accurate 
system as the inaccuracies for the two previous systems are resolved. 
 
4.8 Active Network Management 
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The ANM system was designed to actively monitor the flow of real power and current measurements at key 
constraint points. Using the benefit of real time network visibility of the ANM system, the ANM calculates and 
issues control instructions to generators in order to maintain network loading within its capacity limits.  
 

 
Figure 6: FPP ANM technical solution 

Figure 6 is the high level technical solution which shows the connection of the central ANM system with the 
local ANM generator controller at the DG substation and the smart devices at the UK Power Networks 
substation. This diagram is based on the use case mapping of the generator control by the ANM using the 
information layer of Smart Grid Architecture Model (SGAM) framework. The diagram highlights the following 
key messages: 

 The ANM is located at the control centre and receives status and measurements from the smart 
devices located at the UK Power Networks substations as well as the DG substation: 

 The ANM can send instruction to the local generator controller installed at the DG substation: 
 The local generator controller forwards the ANM power control set-point to the DG control system; 
 The local generator controller forwards the breaker open/close instruction to the metering circuit 

breaker. 
 
The ANM trial consisted of testing separate components of the ANM system, which are Active Power Flow 
management; Active Voltage Management and Thermal ratings estimation. 
 
Demonstration of Active Power Flow management 
The sgs power flow application, as part of the ANM system was successfully used to control the real power 
export of the DG. It was demonstrated using a combination of simulated and operational results that the 
ANM system can manage both the reverse power flow and thermal loading constraint by issuing set points 
consistent with the theoretical calculations. The experiment results showed that only the generators that 
were actively contributing to the constraint were curtailed, irrespective of their nominal rating. Curtailment 
was successfully imposed as a function of the power output of the generators contributing to the constraint 
while releasing (i.e. ending the curtailment) was successfully realised as a function of the rated power of the 
generators. 
 
Demonstration of Active Voltage Management 
The sgs voltage application, as part of the ANM system was successfully used to control the real and 
reactive power to bring the voltage at the MP to a value below the limit established by the ANM thresholds. 
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The active voltage management application adopted a priority to reduce the generator’s reactive power and, 
only if this was not enough to bring the voltage below the target value, then it started to reduce the 
generator’s real power output. This, therefore, ensured that real power generation curtailment is kept to a 
minimum at all times. The key learning generated was that ANM can be used to maintain voltage levels 
within statutory limits by actively managing the real and reactive power of DG 
 
Trial of ANM thermal estimation application 
The thermal ratings estimation application hosted in the ANM system was also trialled to provide dynamic 
rating information for the power flow analysis. The objective was to prove that the implementation of both 
site based DLR solution and server application based thermal estimation application can add value to the 
efficient operation of the ANM system.    
 
The trial investigated the calculated ampacity between the sgs ratings calculation and the DLR relay based 
on the same weather data provided to both solutions. As per the CIGRE standard it can be interpreted that 
wind speed and wind direction have the greatest influence on the calculation of ampacity. 
 
Constraint management by ANM in coordination with smart devices 
In addition to the trial of the smart applications, the project also demonstrated how the ANM system can 
integrate with multiple smart solutions in order to facilitate the greater connection of DGs. The FPP solution 
deployed smart devices from various vendors to address and manage existing or anticipated network 
constraints and operational limitations of the distribution network that either restrict the connection of new 
DGs or are introduced by their connection.  Among the smart devices, the ANM was tested to receive 
measurements from the DLR relay. For AVC relay, Quadrature-booster controller and local generation 
controller, the ANM was also tested to send data to the field network in form of setpoints or control 
instructions.  
 
4.9 System Integration 
 

In the aim to develop and trial an open technical architecture, the System Integration activities have proven 
to be instrumental in bringing all of the technical parts together and also delivering additional project 
learning’s such as:  

 How the FPP solution can be integrated with various applications and technologies because of the 
use of open standards interfaces and data modelling approach; 

 The need to carry out optimisation tasks as part of the overall implementation and to consider 
carefully the security aspects by defining a smart security framework. 

 
The FPP project involved significant information and communication technology elements to solve power 
systems problems.  
 
It was critical to have an integrated approach and process in designing and testing the systems installed. 
The testing approach involved different stages of testing including a pre-production integration platform that 
all components and their interoperability was proven before commissioning in the live operational distribution 
network. 
 
The project was complied with an open standards philosophy by implementing a data communication 
infrastructure using the IEC 61850 standard, with all IEC 61850 acceptance test certification available upon 
request  The IEC 61850 standard is widely used inside the electrical substation boundaries for protection 
scheme applications however the project used it in a novel way over a wireless Internet-Protocol on a RF 
mesh network infrastructure for data communications. The novel approach in the use of the standard meant 
that key challenges such as data and traffic optimisation had to be tackled generating significant learning 
and providing an initial understanding on the potential for scalability and application of such technologies. As 
part of the trial activities, the project demonstrated the following outcomes: 
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Integrate FPP solution with various applications and technologies 

 Integrate FPP solution with various DG control system: The interface requirements with the DG 
control system in terms of physical connection, protocol support, performance, and security have 
been detailed in the interface specification document;  

 Integrate local generator controller (sgs connect) with UK Power Networks RTU at the 
generator interface substation: In order to secure the capability to curtail the DG output and not 
rely on generator control system, the project managed to connect the SGS connect to the UK Power 
Networks GE T5000 RTU where possible. These two devices communicate using the DNP3 
protocol; 

 Explore the feasibility of implementing local generator controller functionality into the UK 
Power Networks RTU: It was identified that the design and the architecture can be improved by 
integrating the generator controller functionality within the UK Power Networks RTU;  

 Explore the flexibility of the FPP solution to be able to integrate ad hoc and non-standard 
technologies and solutions: It was demonstrated with the implementation of local generator 
controller outside the trial area that the learning generated from the FPP trial can be utilised even in 
different architecture. It showed that technologies that were not standard to the FPP solution can be 
integrated.  

 
Identify and carry out system optimisation tasks on various components of the FPP architecture 
As the IEC 61850 standard was originally developed for internal substation applications utilising high speed 
communications, the FPP project enhanced the capabilities of the standard by applying it over a wide 
geographic area over a constrained bandwidth of a radio mesh technology. Hence, the data 
communications needed to be carefully optimised considering the impact on the data loading on the radio 
mesh network under the anticipated stress conditions such as communications outage, disaster event, 
network congestion etc. 
 

Develop a smart grid security framework 
Using the learning from the project security implementation approach, the project developed a smart grid cyber security 

framework or checklist document. It was designed to be a guidance tool for future projects to inform the project team 

when and what factors need to be considered throughout the life cycle of the project. In practice, the framework can be 

useful during the design and delivery process to understand what policies, procedures and standards are relevant at 

key stages of the project. The framework also informs the baseline security requirements that can utilised during 

specification and design process. 

 
Develop a data modelling and engineering approach for IEC 61850 implementation 
During the integration activities, the use of a standard protocol such as IEC 61850 has highlighted the 
following benefits: 

 Data modelling using common language between all project parties delivering time savings at the 
commissioning stage 

 Data Engineering using Substation Configuration Language enables easy configuration of test tools 
 Facilitate multi-vendor approach and the use of third-party tools 
 Centralised Configuration and device/system documentation  can optimise ongoing maintenance  
 Open communication protocol allows for customer choice 

 
One of the benefits of 61850 over DNP3 is the advantage of dealing with an object oriented data model. 
Nevertheless without a clear and concise company wide data-model the engineering efforts are quite high 
and therefore changes are costly.  
 
4.10 Strategic Investment Model Outcomes   
 

Assessment of smart grid investment solutions implemented by the FPP Project 
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The smart grid investment decisions that were implemented by the FPP project were assessed using the 
SIM. The costs of various alternative solutions are compared in Table 6.  
 

 
Present Value  in £m (2014) CAPEX (£m) 

Strategy 
Lost revenue 
from DG 
curtailment 

Smart 
investment 

Traditional 
investment 

Total 
cost 

Smart 
investment 

Traditional 
investment 

Total 
cost 

Traditional network 
solution 

- - 1.54 1.54 - 5.10 5.10 

Connect and Manage 9.58 0.15 - 9.73 0.50 - 0.50 

Smart grid with firm 
DG access 

- 0.55 - 0.55 1.83 - 1.83 

Smart grid with smart 
commercial 
arrangement 

0.00 0.53 - 0.54 1.75 - 1.75 

Combination of smart 
grid, network, and 
smart commercial 
arrangement 

0.00 0.53 - 0.54 1.75 - 1.75 

Table 6: Cost comparison across different solutions (period: 2014/18) 

 
In terms of CAPEX, the FPP solutions Smart grid with smart commercial arrangement save £3.3 million in 
comparison with the cost of traditional network solution. In this case, strategy no 4 and 5 produce the same 
results as there is no need for traditional network reinforcements. In general, the combination of smart and 
traditional network solutions produce the least cost solution. The results of the studies also demonstrate that 
the superior balance between emission and cost of the FPP solutions, as presented in Table 7. 
 
 
 
 

 

 

 

 

Table 7: Comparison of emissions and cost performance of different solutions 

 
Strategic investment requires robust assumptions but may lead to more cost-efficient reinforcement 
decisions in the long-term 
The cost performance difference between incremental investment and strategic investment approaches was assessed 

using the SIM for the FPP network area for the following regulatory period, using Planning Load estimates from UK 

Power Networks and generation increase scenarios from the Smart Grid Forum.   

This indicates that the introduction of FPP-style arrangements and smart technologies has significantly helped. 

However, the choice of roll-out strategy to zones of the network and the setting of capacity quotas need to be done in a 

way which does not suppress signals about longer-term reinforcement which is required. 

 

Period Losses (MWh) Losses (%) 

 
Incremental Strategic Incremental Strategic 

2014 / 2015 38,844 39,077 2.2% 2.3% 

2016 / 2017 51,109 51,195 2.9% 2.9% 

2018 / 2019 54,416 51,173 3.1% 2.9% 

Solution Emissions (tCO2) Cost (£m) 

Traditional network with no DG curtailment  12,730 1.54 

Connect and Manage 13,693 9.73 

FPP approach  12,876 0.54 
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2020 / 2021 58,791 51,641 3.3% 2.9% 

2022 / 2023 51,951 52,911 2.9% 2.9% 

Total 255,111 245,997 2.9% 2.8% 

Table 8: Losses and emissions from the incremental and strategic investment approaches 

5.  Performance compared to the original Project aims, objectives and SDRC 
 
The FPP project set out to provide a cost effective and faster method for connecting DG customers onto 
constrained areas of the distribution network following the significant increase in demand. 
 
Through developing the technical and commercial solutions to enable offering of flexible connections, 15 of 
which were accepted and to be connected onto the distribution network, the project has been able to meet 
all of its original aims and objectives.   
 
Customer recruitment for FPP exceeded expectations. The project initially set out to provide at least one 
connection offer to a customer and receive feedback on this connection offer, as detailed in SDRC 9.7. This 
was evidenced by making a flexible connection offer to a DG customer and demonstrating that the 
connection date and price offered to that DG customer were cheaper and faster than traditional business-as-
usual methods, which require reinforcement or lengthy cable routes. The flexible connection offer has 
proven popular and as such we have engaged with over 54 customers, issued 40 connection offers and 15 
customers have accepted an FPP connection offer. Further to the success of the project, UK Power 
Networks is offering flexible connections in another area of the network (Norwich), to develop and embed 
the learning and process into business-as-usual. 
  
The FPP trial successfully delivered all the SDRC commitments and demonstrated the capability of the 
smart solutions to address a number of challenges in the distribution network. The key challenges that the 
project overcame is the mitigation of thermal constraint on 33kV overhead line and the mitigation of reverse 
power flow constraint of a 132/33kV grid transformer.  
 
The trial also successfully achieved the following key objectives: 

 Purpose built communications platform to support quicker and easier connection of new DG within 
any part of the trial area; 

 System integration and multi-vendor interoperability between the ANM application and 24 smart 
devices from five different vendors using IEC 61850; 

 End to end cyber security implementation approach and development of a set smart grid cyber 
security requirements; 

 Mitigation of voltage constraints by using ANM and smart devices via simulated experiments 
 Real time variation of thermal rating threshold of overhead line based on the measurements sent by 

DLR solution in the field;  
 Management of the grid in coordination with local devices such as the AVC and the QBCS; and 
 Ability of the ANM to deal with changes in running arrangements/configuration of the 33kV network 

under study and dealing with abnormal network events. 
 
 
 
6.  Required modifications to the planned approach during the course of the Project 
 
6.1 Communication Platform 
 

The communication trial detected failures in the implementation of the Master Failover Protocol, which was 
affecting all of the communication nodes across the network. This was not previously discovered as both 
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individual performance reports from WAN and RF mesh solutions did not highlight any issues. An end-to-
end performance monitoring and notification system has since been implemented to identify any failures. 
 
The peculiar nature of this fault posed a number of challenges for the project team and the project partners 
to correctly identify the cause of the problem. This fault had the following characteristics: 

 It was not possible to anticipate which device would fail and for how long; and 
 It was not possible to ascertain if the issue was on the WAN or on the RF mesh infrastructure as 

both systems were found to be performing well on their own. 
 
The fault investigation identified a number of factors contributing to the suboptimal performance. The main 
cause of the issue was related to the synchronisation between the master nodes at Peterborough Central 
and March Grid across the WAN. This resulted in intermittent failures and poor performance.  
 
A number of corrective actions were taken to resolve this issue leading to changes to its original design and 
trial methodology.  The key changes are listed below, for more detail, please see the communications trial 
report9. 

 
 Removal of route summarisation in the WAN; 
 Addition of specific filter rules in the WAN routers at the Peterborough Central and March Grid  

backhaul sites;  
 Introduction of an additional Ethernet switch between the WAN router and the RF mesh master 

nodes at each back-haul site. 
 

The corrective actions led to a stable performance of the RF mesh network and were further improved by 
network optimisation exercise, which involved replacement and re-location of under-performing relays and 
reinforcement of additional relays in parts of the network with lower signal quality. 
 
6.2 Quadrature-booster 
 
There two key challenges the project faced on the deployment of the Quadrature-booster were issues 
relating to the protection scheme and the commissioning of the device.  
 
1) Tap changer operating range 

During the cold commissioning of the Quadrature-booster, a number of technical queries were raised that 
resulted in additional site tests of the device. It was jointly agreed between UK Power Networks and Wilson 
Transformer Company that additional testing was required to simulate real operational conditions for the 
Quadrature-booster (i.e. the effect it will have when connected on an electrical line with lower impedance 
that is in parallel connected to an electrical line with higher impedance) and proved the principle of operation 
both in theory but also in application. The Quadrature-booster has two modes of operation, which the tests 
were designed to prove in application:  
 

 Boosting i.e. its effect is to draw power on the line it is connected to; and  
 Bucking i.e. its effect is to push power away from the line it is connected to. 

 
The additional tests took four weeks to complete, as equipment needed to be procured and set up (load 
banks, reactors, voltage regulators), safety documentation to be produced for test set-up and analysis to be 

                                                      

 
9
  http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/ 
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carried out after the conclusion of the tests in order to determine whether these were conclusive. The tests 
proved that the device was providing the magnitude of bucking and boosting that was specified, but that the 
polarity was reversed. The issue was subsequently rectified by changing the range of taps across which the 
phase angle was controlled. Necessary modifications were carried out to align the Quadrature-booster 
protection and control systems for normal operation on tap range 10 – 19. Further Factory Acceptance Tests 
(FATs) were carried out on the QBCS. The results showed that the tapping direction could be changed from 
"standard" to "turned" and the control system relay operated correctly. 
 
The Quadrature-booster transformer technical parameters were modelled and specified using the software 
Power Factory (from DigSILENT).  The network model used was the first of its kind and the design was 
reviewed by UK Power Networks and its delivery partners. At that stage, the type of testing that was later 
required on site was not deemed necessary as the network modelling results deemed conclusive. 
 
Significant learning was been generated as part of this process in two key areas:  
 

 Network modelling and specification of Quadrature-boosters in distribution networks; 
 Commissioning process and plan for Quadrature-boosters in distribution networks. 

 

The expectation is that future installations would be able to rely solely on the design and specification stage 

and/or the FATs and ‘traditional’ commissioning tests, and would not need to repeat the type of tests which 

took place on site on this occasion. 
 
2) Protection scheme 

The Quadrature-booster protection scheme was initially designed to the IEEE International Standard 
C57.135-2001 “IEEE Standard for the application, specification and testing of phase-shifting transformers”.  
UK Power Networks also sought to understand the protection scheme used by National Grid – the only user 
at the time in Great Britain of Quadrature-booster transformers.  It is important to note that the Quadrature-
boosters that National Grid uses at transmission level have different characteristics and as such different 
network integration requirements when compared to the one procured by UK Power Networks for use at 
33kV.  
 
Extensive reviews conducted by engineering teams in UK Power Networks and the manufacturer of the 
protection relays used raised a number of questions on the proposed scheme and a validation exercise was 
required to confirm the actual configuration to be used. The validation exercise included internal peer 
reviews, an independent assessment by a third party engineering consultancy and a series of laboratory 
based simulations using a Real Time Digital Simulation (RTDS) system in order to conclude on the 
proposed configuration. This exercise generated significant learning as it has produced the first reference of 
a protection scheme design for Quadrature-booster in distribution networks. However and because of the 
extensive validation required the overall finalisation of the protection scheme design and in consequence the 
finalisation of the overall electrical design took considerably longer than initially planned. The protect team 
managed to overcome and mitigate both the issues described above in terms of technical risk and safety. 
The Quadrature-booster was energised in July 2013.   
 

6.3 System Integration  
 

The System Integration process within the FPP project required a varied set of skills as multiple solutions 
and new technologies were involved. The network operators usually rely on third party system integrator to 
deliver a system that is not using business as usual solutions. However, once the system is delivered, the 
network operator constantly faces the challenge in understanding, maintaining and expanding the system.  
The project initially planned to undertake System Integration work in-house. However, due to the innovative 
nature of the technologies involved (IEC 61850) it was not possible to obtain the appropriate skills in-house. 
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The system integration approach was reviewed and the project had to seek additional resources from the 
project partners to support the activities. This approach benefitted as it allowed the knowledge to be 
developed within the project team and upskill/transfer knowledge to the UK Power Networks team members.   
 
6.4 Novel Protection Relay 
 

Adaptive protection is a real time alteration of protection settings. Under an adaptive protection scheme the 
protection relay settings would respond to the changing network conditions and adapt according to the new 
prevailing conditions. This would require adaptive coordination for which communication is a major element 
in an adaptive relaying system. To implement the functionalities high speed communication infrastructure is 
required. Wired or fibre based systems are viable alternatives for communication of data in adaptive 
schemes which would have required considerable cost and time to implement. There were no existing 
suitable communications infrastructure already deployed in this part of the system to accommodate this.  
Based upon the high costs, which was not originally budgeted for, and minimal learning that would be 
generated, a  decision was made that the project would not investigate the potential to use different systems 
and sources to support adaptive protection, as based upon the benefits.  
 
6.5 Frequent Use Switch (FUS) 
 
Within the FPP project, the term FUS was used to refer to a switch capable of high mechanical endurance 
during its useful life, and was not intended to be frequently switched ON/OFF, for example several times a 
day. The primary function of the FUS was to enable remote switching to modify the network running 
arrangements at specific locations in the FPP trial area. The switch would both manually operated by hook 
stick and motorised for remote switching, and specially designed for use in modern remote controlled 
distribution automation.  
 
During further development of this part of the project, it was identified that a reinforcement project installing 
Ring Main Units (RMUs) was being carried out at the same strategic location, and RMUs could deliver the 
same functionality requirements specified for the FUS within FPP project.  It was therefore decided that 
there was no need to install the FUS. The trials for the FUS functionality were then carried out using RMUs 
as outlined in the approved change request submitted to Ofgem10. 
 
7. Significant variance in expected costs 
 

The FPP project has been completed, meeting all its SDRC and learning outcomes, within the agreed 
original budget of £8.8m. The total cost of the project was £8.6m, which was £272k (3%) underspent. This 
underspend can be attributed to the timing and type of resources joining the project, the re-phasing of 
certain project activities and delivery of the work at costs lower than originally budgeted for. This 
underspend did not have any impact upon the successful delivery of the projects eight SDRCs or Use Case 
learning outcomes.  
 
There are certain categories that finished over budget, but these were managed against the under spend or 
savings observed in the other work categories.   
 

                                                      

 
10

 www.ofgem.gov.uk/ofgem-publications/83108/sdrc9.4and9.8changesdecisionletter150813.pdf 

http://www.ofgem.gov.uk/ofgem-publications/83108/sdrc9.4and9.8changesdecisionletter150813.pdf
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In June 2013 the project submitted a formal change request to more efficiently deliver the Frequent Use 
Switch Use Case Learning Outcomes. The approach was to utilise the RMUs, which were being installed at 
the same strategic sites as part of a business-as-usual project, that offered the same required functionality 
as a FUS.  This meant that the project funds were no longer required, which equated to £83,277.The budget 
for the project is based on the financial information provided at bid submission in the “Full submission 
financial spreadsheet”.   
 
The table below presents the view of the budget requested, budget following change request submitted and 
the budget once interest has been removed. The variance is shown against the budget excluding interest. 
The main cost items of Labour, Equipment, and IT all finished within +/-10% tolerance. 
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 Flexible Plug & Play Financials £k Original 
Change 

Request 

Net of 

Interest 

Total FPP 

Actual 
Variance % 

WS1 PM, Design & Implementation 1,011 1,011 996 525 -471 -47% 

WS2 PM, Design & Implementation 557 481 474 1,204 730 131% 

WS3 & WS6 PM, Design & Implementation 544 544 536 559 23 4% 

WS4 PM, Design & Implementation 528 528 520 591 71 13% 

WS5 & WS7 PM, Design & Implementation 316 316 311 356 44 14% 

WS8 PM, Design & Implementation 420 420 414 419 5 1% 

Overall Project Management 609 609 600 605 5 1% 

Labour Total 3,985 3,909 3,852 4,259 407 10% 

       WS1 - Communications Platform 320 320 316 207 -109 -34% 

WS2 - DLR & Protection study & trial 62 62 61 113 52 84% 

WS2 – Quadrature-booster 396 396 390 750 360 91% 

WS2 - FUS & tap changer relays 127 120 118 78 -40 -32% 

WS4 - ANM scheme 380 380 375 207 -168 -44% 

WS8 - System integration 345 345 340 305 -35 -10% 

Equipment Total 1,630 1,623 1,600 1,659 59 4% 

       

WS2 Contractors 187 187 184 217 32 17% 

WS8 Contractors 863 863 851 1,080 229 27% 

Overall Project Management 634 634 624 190 -435 -69% 

Contractor Total 1,684 1,684 1,659 1,486 -173 -10% 

       

WS1 & WS4 software licences 284 284 280 232 -48 -17% 

61850 Configuration tool 18 18 18 16 -1 -7% 

Project website 45 45 44 10 -34 -76% 

Power systems studies, SI & Learning 142 142 140 151 11 8% 

IT Total 489 489 482 410 -73 -15% 

       

IPR Costs - - - - - - 

       

Travel & Expenses 132 132 130 122 -8 -6% 

       

Payments to users - - - - -  

       

Contingency 486 486 479 380 -99 -20% 

       

Decommissioning 100 100 99 5 -94 -94% 

       

Accommodation for project team, PM & SI 70 70 69 55 -14 -20% 

Learning & Stakeholder engagement events 324 324 319 116 -203 -63% 

Other Total 394 394 388 171 -217 -55% 

       

Total expenditure 8,900 8,817 8,690 8,493 -197 -2% 

       

Actual Interest Earned - - - - -75 - 

       

Grand Total  8,900   8,817   8,690   8,493  -272  -3% 

Table 9: Breakdown by category of FPP financials 
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*Following the change request (Ref: CR0014) approved by Ofgem on 15 August 2013. 
 
Labour: 
The total budget for the category was £3,852k, with an overspend of £407k or 10%.  The main contributing 
line item to this finishing above budget, is WS2 labour costs.  The budgeted cost for WS2 labour was £474k, 
with a final spend of £1,204k, which relates to UK Power Networks WS2 Manager, Capital Programme 
delivery, Alstom and Wilson resource costs. In particular, the cost of the Quadrature-booster was higher 
than originally budgeted as the original budget for this line item did not include the labour required to install 
the additional equipment such as switchgear and civil works for a new 33kV substation. This overspend has 
been recovered on savings in other project categories. 
 
The WS1 labour was budget was £996k, which relates to resource cost for WS1 UK Power Networks and 
Vodafone labour costs.  The total £525k actual costs relate to UK Power Networks WS1 Manager and 
Operational Telecoms support and Vodafone cost of programme management.  The variance reflects a 
significant cost reduction to the bid partner pricing that the project managed to negotiate during the final 
contractual negotiations and that the WS1 Manager was originally budget as a contract resource.   
 
Contractor Costs:  
The main contributor to this category finishing 10% under budget is the overall Project Management line 
item, which was £435k or 69% underspent. The Project Management line item had a budget of £624k, to 
cover the resource costs of Project Office Manager, Project Planner and Project Administrator. The 
underspend can be attributed to the Project Planner joining in June 2012 on a part-time basis, rather than 
starting in January 2012 on a full-time basis as initially budgeted. The planning activities were incorporated 
within the team, so this resource was no longer required. Also the contractor Project Office Manager 
resource was replaced in January 2013 by an internal resource. This underspend has been used to cover 
the overspend in the other two line items.  The WS8 contractor line item finished £229k or 27% over budget, 
which can be attributed utilising a contractor resource for the Technical Design Authority at the beginning of 
the project, whilst an internal resource was being appointed. 
 
IT:  
The budget cost for this category is £482k against actual costs of £410k, a variance of £73k. The FPP 
website benefited from internal developments and re-branding of the UK Power Networks website, so the 
project managed to develop  the web-site for £10k, £34k under budget. This category has finished under 
budget, which will see any costs savings managed against overspend in other categories. 
 
Contingency: 
The budget includes £479k of contingency; of which £380k has been used to cover some of the additional 
Quadrature-booster costs. The Quadrature-booster overspend is attributed to the variance between 
budgeted costs and the contracted actual, as well as  the requirement for additional equipment that was not 
initially budgeted for, such as switchgear and civil works for a new 33kV substation. There was no 
requirement to utilise the remaining £99k or 20% of the contingency budget. 
 
Decommissioning: 
This category has a budget of £99k, with only £5k of actual costs. This underspend is a result of the 
significant uptake in the Flexible Connections, which has seen 15 DG customers sign up and there being no  
requirement to decommission the FPP Technical Infrastructure.   
  
Other:  
Under this category, £388k has been budgeted for major learning and stakeholder engagement events. 
£171k has been spent on dissemination material and activities to date, which is an under spend of £217k or 
55%.  This under spend is mainly due to the dissemination activities being delivered in a more cost effective 
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manner than originally budgeted. This category completed under budget, which will see any costs savings 
managed against overspend in other categories. 
   
 
8. Update Business Case and lessons learnt from the method 
 
The learning from the project and revision of assumptions based on current data and projections has been 
used to update the business case from the bid stage. 
 
The FPP bid document11 set out: 

 the cost of replicating the project in the future; 

 the potential roll out of the project based on 2009/10 figures; 

 potential savings from the project based on 2009/10 figures; and 

 Benefits to the customer, DNO and wider industry of carrying out the project. 
 
The projections for DG growth to 2020 and beyond have since been revised. The FPP project made a 
number of assumptions based on only wind connecting in the trial area, as forecasts predicted in 2011, 
when the project bid began. Over the lifetime of the project there has been a change to include a mix of wind 
generation, PV generation and anaerobic digestion connection requests. The trial area and UK Power 
Networks in general has also seen a significant increase in generation connection requests across the 
eastern and south-eastern regions: 
 

 
Figure 7: Total distributed generation (DG) enquiries for UK Power Networks (2008 –2014) 

 
As shown in Figure 7 the number of enquires for DG connections rose 50 fold from 2008 to 2014. This 
strengthened the requirement for flexible connections, as areas of the network become further constrained 
for generation due to a number of constraints. The graph in figure 7 shows how the demographic of 
generation has changed over the last four years with PV enquiries becoming predominant in the enquiries 
for connections.  
 

                                                      

 
11

 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-

Documents/FPP_full+submission_Nov+2011.pdf 
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Figure 8: Total distributed generation (DG) enquiries for UK Power Networks (2008 –2014) 

 

 

Outcomes supporting the project business case 
15 customers accepted the flexible connection. These customers saved a total of £44 million when 
compared to the alternative business-as-usual connection offer, mainly due to the long cable routes required 
to re-direct the generation to the electrical network, outside of the trial area. 
 
Due to the 54.4 MW of accepted generation schemes within the trial area, the project has enabled £54 
million worth of low carbon generation projects to be built that otherwise would not have been financially 
viable (assumption of £1 million per MW). 
 
The customers that chose to utilise the FPP connection offer saved an average of 29 weeks in the delivery 
process of the connection, also due to the long cable route required for the business-as-usual approach. 
 
Changes to the assumptions made in the bid document 
The business case in the bid document relied upon the medium scenario for connection of wind generation 
to 2021 stipulated in the Electricity Networks Association (ENA) report “Evaluating the case for introducing 
locational DUoS charges for CDCM generators”12. Due to the recent growth of PV and changes in subsidy 
tariffs, the figures for projected growth by 2020 have been revised to the figures produced by Workstream 3 
in the Smart Grid Forum April 2014. 
 
Growth is now believed to be 5.4GW of wind from 2013 – 2020 and 7GW of PV from 2013 – 2020. 
 
The bid document assumed that 11 schemes the same size as the FPP trial would need to be applied in 
addition to FPP by 2021. We have seen a large increase, approximately 20%, in DG enquiries in the East of 
England so have revised this number to 20 schemes to take account of the introduction of PV generation 
requests and the increased amount of constraints across the network. 
 
Assuming all schemes will allow a similar amount of generation to connect as FPP has seen to date 
(54.4MW), the roll out of the solution will enable a further 1,088MW of generation to connect. FPP has 
shown an average cost saving compared to business-as-usual DG connections of £2 million. Attributing this 
as a saving per MW (£44m/54.4MW = £808,824 per MW), this means that by rolling out the project to 

                                                      

 
12

 https://www.ofgem.gov.uk/ofgem-publications/91106/frontier-enafinalreport-01-04-11-stc.pdf 
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another 20 locations, the solution can save DG customers £880 million and allow DG connections to take 
place that would have been non-viable without the flexible connection option. 
 
The financial benefits of the FPP project compared to the original business case are summarised in the 
table below: 
 

Benefit of solution Original bid Revised Comment on change 

Cost of roll out per site £5.5m £2.33m 
Excluding specialist devices such as the 
Quadrature-Booster which will not be a solution 
at all sites 

Capacity enabled by FPP 
solution to 2021 

188 MW 54.4 MW 
Revised pessimistic assumption that no further 
generation will connect now the quota is full at 
March Grid 

Assumed DG growth by 
2021 

5.4 GW Wind 
5.4GW Wind 

7GW PV 
 

Expected number of sites 
to roll out an FPP size 
solution 

11 20  

Cost of UK wide roll out £60.5m £46.6m Due to reduction in roll out cost per scheme 

Expected savings to 
customers UK Wide 

N/A £880m  

NPV CO₂ savings by 2021 £192m £668m 

Utilising the same methodology set out in 
Appendix 2 of the bid document but based on 
the growth in generation to 2021 using the 
percentage of each type of technology 
connected as per the FPP area (75% wind, 23% 
PV and 0.2% CHP). 

Figure 8: Summary of original and revised FPP business case 

 
 
Indirect benefits from offering Flexible Connections 
The savings identified in the business case are on connection costs for sole use assets i.e. the majority of 
the benefit flows to the DG customer under this model. The customer also sees the benefits from the 
subsidies provided by the Government, in terms of FITs, the RO and LECs. The DG customer sees some 
additional benefits from owning the DG, through the location of generation with a load connection. This 
reduces the cost used to run a building or site, as well as reducing electrical losses through locating load 
with generation. 
 
The DNO does not receive any monetary incentive from offering flexible DG connections to customers. 
During DPCR5, there was a mechanism whereby the DNO could claim an O&M allowance of £1/kW and an 
annual capacity allowance of £1/kW but these have been removed in the RIIO-ED1 price settlement. 
 
The DNO does however receive some indirect benefits from the following: 

 Reduction in electrical losses through locating generation closer to demand customers; 

 Deferral of network reinforcement as Flexible Connections allow existing network assets to be more 
fully utilised; 

 Security of Supply, due to having load and generation existing geographically close together. This 
reduces losses and may benefit the DNO through the losses incentive in RIIO-ED1; 

 New generation schemes can potentially be used to provide ancillary services to the DNO and 
National Grid. This allows additional network security as these generators can be used as back-up 
generation when demand is particularly high or there are issues with other generating stations. 
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Finally, there are some wider societal benefits through offering flexible connections. These include a 
reduction in CO2 emissions due to the reduction in energy losses, the avoidance of system balancing 
changes for National Grid, a reduction in transmission electrical losses and a reduction in distribution 
electrical losses. 
 
The University of Cambridge have detailed the benefits in ‘Distribution Generation: Opportunities for 
Distribution Network Operators, Society and Generators’ – Anaya and Pollitt 2015 and also make the case 
for a ‘Smart Incentive’ payable from the Generator to the DNO to encourage this kind of smart solution. This 
provides a cost recovery or uncertainty mechanism, in the event that low volumes of DG are interested in 
any certain area.  
 
The cost associated with replicating the project in another area includes the costs for the Quadrature-
booster, DLR, AVC and the communications system amongst the other technology deployed by UK Power 
Networks to enable the flexible solution. However, not all smart devices are required to enable future flexible 
connections, as they are specific dependent upon the constraint. As the technology becomes more utilised 
across the electricity industry, there is a technology cost saving that can be made over the initial business 
case.  
 
The waterfall diagram below shows that the replicable FPP cost is £2.33 million in 2015, compared to the 
traditional reinforcement cost of £12.3 million based on the net present value from upgrading the network in 
2016 when the generators connecting to March Grid quota have completed their projects and connected to 
the network. The replicable cost includes all of the smart technologies which may not be required in all 
network situations as some of these are constraint specific. The replicable cost is based on the reduction in 
the initial project cost of £9.89 million (NPV £9.48 million based on the expenditure profile over the project) 
by removing the first-of-a-kind/development costs associated with running the project and disseminating its 
findings, the technology cost reduction as different technologies become more utilised on the distribution 
network, the net present value of the expected system cost savings for UK Power Networks through rolling 
out the project elsewhere to 2020. The system cost savings are based on the carbon dioxide emissions 
saved through allowing more renewable generation to connect to the network: 
 

 
 

Figure 9 – FPP solution waterfall chart 

 
9. Lessons learnt for future innovation Projects 
 
Below is further key learning that has been generated by the project, but not discussed in previous sections 
of the report. 
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9.1 Customer Engagement  
 
Future Changes in Ownership  
The role of the developer and the role of the owner of the project evolves and their interaction with UK 
Power Networks changes throughout the flexible connection process. In a number of cases a project is 
developed by a company and is sold prior to the scheme being built. Therefore the flexible connections 
process needs to take into account changes in ownership to the project; this can take time due to the legal 
documents that are required to update the ownership.  
 
In order to ensure that all connection agreements contract the flexible arrangements for export for current 
and future customers, it is important to ensure that the National Terms of Connection reflect these 
arrangements. Work is underway to include a clause within the National Terms of Connection within the next 
few years; all customers will have to pass on the details and specific constraint of their electricity 
connections to any future owners so that they are bound by the same terms of connection. 
 
Importance of the generation mix for the pro-rata/capacity quota approach 
Initially the project made the assumption that all wind generation would connect under the FPP project. The 
main reason for this assumption was to ensure that customers would receive the ‘worst-case’ curtailment 
estimate for their project, which could be used when arranging financing. The generation mix for the area is 
outside the control of the DNO and there is no way of anticipating in what order generation applications will 
come in, what generation types these will be and what impact this will have on the rest of the customers 
within the March Grid quota. This has led to a trade-off between ensuring optimum network utilisation and 
offering customers certainty in their curtailment estimates. The resulting generation mix at March Grid has 
not allowed the best possible utilisation of the network as the quota could have accepted more generation 
with the current technology mix at a higher curtailment level of 5.3%. The position of accepted customers 
has become much more favourable than initially estimated since the generation mix has changed, resulting 
in the most economic network utilisation not being achieved but there have not been issues with customer’s 
financing their projects based upon the curtailment information.  
 
The graph below shows the difference in the expected curtailment rates for the accepted generators and 
outstanding generation quotations in the March grid trial area: 
 

 
Figure 10 – Comparison of LIFO and pro-rata curtailment levels 

 
Although the most efficient generation mix has not been achieved, by utilising the quota approach, the 
project has allowed an additional 5.8MW of generation to connect over a LIFO approach. LIFO allows 
27.7MW to connect at a curtailment rate of less than 5% by using this approach. The pro-rata commercial 
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arrangements allows 33.5MW of generation to connect to the network at an average curtailment of 2%, with 
the added benefit of linking generators to the potential reinforcement of the network. 
 
The time implications of setting up and deploying alternative commercial arrangements  
Implementing a new commercial offering to customers requires additional time and effort to set up to ensure 
that it is implemented smoothly and to a high standard of customer service. The key elements that need to 
be adapted are the processes and policies surrounding the offers. This requires extra resource in order to 
spend time setting up new processes, training and supporting the new elements, reviewing constraints, 
engaging on the new aspects with customers and producing the right legal documentation to support the 
offer. 
 
Whilst the set-up of the new commercial offering has required time to organise and prepare for, there is also 
a continued element of management required in order to ensure customers understand the flexible offer, as 
well as the queue for capacity. Additionally, updated curtailment reports are issued when customers move 
position in the capacity queue. 
 
Provide the customer with sufficient time to review and sign the connection agreement 
The draft connection agreement is sent to the customer with their connection offer letter, to allow the 
customer enough time to review, understand the purpose and the individual clauses that have been 
amended for the flexible connection. This allows enough time and avoids potential delays, as flexible 
connections cannot be commissioned without a signed connection agreement. 

 
Treatment of other onsite generation 
A number of schemes connecting under FPP already have exporting and non-exporting generation on site. 
This needs to be captured under the connection agreement as theoretically the customer can generate from 
any piece of generating equipment as long as the site generation does not exceed the export capacity that 
has been approved. The other onsite generation needs to be controllable, if this is the case, so that if the 
distribution network is unable to accept generation, all onsite generators can be switched off until it is safe to 
generate. 
 
Acceleration of connections, provided by FPP can have an additional cost benefit 
FPP has attracted the connection of mainly renewable generators. These generators are highly dependent 
on subsidies from the Government to ensure that their projects make a profit for the next 20 years. These 
subsidies take the form of the ROCs, Feed-in-tariffs, and LECs. Changes to Government policies or subsidy 
levels can make previously viable projects unviable. This has particularly been seen recently with the 
proposed changes to the ROCs for PV schemes which are larger than or equal to 5MW. FPP is a significant 
aid in this respect, as the connections can be provided faster than the business-as-usual alternative, 
therefore a customer with an FPP connection offer is more likely to achieve a connection before changes in 
pricing or funding rules. 
 

9.2 ANM Platform 
 

The requirement of new skills and resources to manage ANM solution  
The ANM trial highlighted that the ANM solution will not work “out of the box” and the system as a whole 
needs to be carefully analysed, configured and optimised. The development of the methodology for 
configuring the ANM required significant effort from the project team which has proved to be one of the 
biggest learning from the project and is described in SDRC 9.6 report. This informed the industry that there 
is requirement for skilled resource within the business as usual team who are able to understand and 
maintain the required elements of the ANM solution. 
 
Understanding of essential functionalities for future ANM deployments 
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As it was not possible to specify every single requirement at the initial stage of an innovation project, it was 
identified that the some functionalities were lacking, which would be normally available as part of other 
business-as-usual solutions. These elements had to be developed as part of the project. These include the 
following: 

 A capability of adding new generators onto the SGS ANM system without a need for system restarts 
which was one of the constraints of the solution; 

 Functionality for the time stamp data from site to be sent to the PI historian logs that was not 
previously available. 

 
Enhancement of DG interface design and commissioning process 
Due to the variation of the control system technologies used by DG customers, the trial encountered 
challenges in integrating the ANM system to these platforms. The lack of full clarity of DG control system 
characteristics and site-specific requirements meant that the design and commissioning process 
encountered many challenges with the following lessons learned: 
 

 The ANM requirement specification should be communicated to the customer at the earliest 
opportunity in order to allow adequate time for the necessary preparations to be made on the DG 
control system; 

 In order to minimise the possibility of any technical issues that could affect commissioning, bench 
testing of all interfaces or pre-commissioning tests should be undertaken prior to final DG 
commissioning on site; 

 There is the need to standardise the communications protocols that are used for interfacing with the 
generators control system. This can be achieved to a certain extent but standardisation will take time 
due to a large number of different control systems supporting different protocols. 
 

9.3 Communications Platform 
 

End to end communications monitoring is essential to establish the correct performance of the 
network 
The trial highlighted the importance of end-to-end monitoring of a communication network for any 
performance variations and to identify potential network optimisations. This may involve relocation of relays 
or reinforcement with strategically placed additional relays where required. The following key lessons were 
learnt through the project:  
 

 The performance of the individual component of the communication solution did not necessarily 
represent the end-to-end performance of the communications network. As explained in section 6.1, 
the project had performance monitoring facility for individual component of the communications 
network but not an end-to-end monitoring system. This introduced unnecessary delays in identifying 
the root cause of the communications fault. As a result the project designed an automatic email 
notification process to ensure full visibility of any communication issues 
 

Acceptance test requires extended soak testing 
For communications technology, a standard acceptance test should also include soak testing period of a 
minimum of two weeks, to ensure the network/solution is stable for longer periods; 
RF mesh solution is better suited for large scale deployments 
The project learnt that the RF mesh network improved its performance with the increase of its node density. 
That means more devices participate on the mesh the better the performance is, hence suitable for large 
scale deployments like FPP trial. 
 

9.4 System Integration 
 

Increasing gap identified for system integration requirements 
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 System integration is an activity normally covered by vendors for the network operators. Hence, the 
project experienced multiple challenges in securing appropriate resources internally. This has 
highlighted that there is an increasing gap in this area for all network operators to address this challenge 
as more smart grid projects are being delivered and rolled-out in the business: Need to specify and 
identify a system integration role within the business to facilitate the integration of new technologies and 
to ensure the coordination of different business units required to implement those new methods.  

 
Fully functional test lab is extremely useful for innovation projects 

Availability of test lab environment for the life-cycle of innovation and trial projects is hugely beneficial to 
troubleshoot, test and enhance the functionality. 
 

IEC 61850 can deliver longer term benefits 
Initial understanding of IEC 61850 standard and design process was challenging, but cost and time 
savings were demonstrated during commissioning and upgrade process. Hence, this will be a longer term 
investment for the business. 
 

9.5 Quadrature-booster 
 
Capacity headroom on constrained networks 
The key learning generated was the demonstration of the capability of Quadrature-booster to actively 
manage thermal loading constraints by achieving optimal load sharing on parallel 33kV circuits at 
Wissington. The use of the Quadrature-booster created additional network capacity headroom which would 
allow increased generation export onto the 33kV distribution network. 
 
Phase angle specification 
The specified Quadrature-booster phase angle of ±12o was wider than required on the Wissington 33kV 
network trial case. This resulted in approximately 3.6MW per step tap change being shifted, which appears 
‘coarse’ and made it difficult to achieve a finer load balancing between the two lines. Because of this large 
MW step change the Quadrature-booster operated at Tap 10 and Tap 11 only which meant that the trial was 
unable to evaluate the operation of the Quadrature-booster on the full tap operating range. The trial results 
showed that a phase angle of ±6o could have been adequate for the Wissington site. This lesson will inform 
future assessments and specification for the required Quadrature-booster phase angle range on other 
networks. 
 
Cooperation with stakeholders 
Innovative trials like the Quadrature-booster require cooperation and participation of customers connected 
on the network. The ramping of generation export to different export levels for the live tests, and also 
monitoring the generation protection response to changes in line currents during tap change operations was 
one of the key elements to the experiments. 
 
9.6 Strategic Investment Model 
 

Based on the experiences gained during the course of the project and the results of the simulation studies 
that were carried out, the following key learning points were gathered that may facilitate the adoption of 
strategic network planning and operation approach and improve the efficiency of future GB distribution 
network planning and investment. These are summarised as follows: 
 

 Long-term strategic investment approach may be more cost effective in comparison to the traditional 
incremental investment methods, however a combination of traditional reinforcement and smart 
technologies and commercial arrangements need to be taken into account in the evaluation of 
investment decisions in capacity constrained distribution networks. A strategic investment approach 
and the risk analysis presented in the SDRC report require pre-defined future DG and load growth 
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scenarios and it would be appropriate to establish a process of defining the scenarios that can be 
used in such analyses and support the regulatory business plans of DNOs.   

 There would be value in evaluating the benefits of other smart grid technologies that have not been 
applied in this project such as energy storage, meshed operation, and demand side response 
(opposed to demand reduction, demand side response could be used by increasing demand to 
consume DG output generated locally), and enhancing the SIM formulation to explicitly address the 
uncertainty in future development through probabilistic formulations and taking into account aging of 
assets. 

 Appropriate commercial frameworks that may facilitate transparent and fair allocation of cost of 
strategic investments, taking into account costs/risks/benefits to DNOs, present and future customers 
and DG developers may be required to encourage strategic investments. This may require further 
development of the RIIO regulatory framework to consider strategic network investments. 

 
10.  Project Replication 
 

Due to the success of FPP the replication of the project has already begun as the project is being rolled out 
to other areas of UK Power Networks licence areas (refer to section 11). 
 
10.1 Customer Engagement 
 

Principles of Access  
It is important that before any flexible connection area is opened that the commercial arrangements are 
decided upon. This ensures that customers have clarity on what they are applying for and will therefore 
increase certainty for the customer. The comparison of the FPP approaches to commercial arrangements is 
detailed in SDRC 9.7. 
Customer recruitment  
Prior to making offers, templates for connection offers and connection agreements will need to be updated 
from the conventional generation connection documents. This ensures that both the company and the 
customer are aware at an early stage of their responsibilities for the flexible connection. The UK Power 
Networks templates for these documents can be made available on request. 
 
10.2 Communication Platform 
 
The project uses commercially available solutions from Vodafone and Silver spring networks. The 
methodology and architecture used by the project can be referenced within the SDRC 9.3 report; SDRC 9.4 
report; High level design; Acceptance test report; and Trial report. 
 
10.3 Quadrature-booster 
 

Through FPP trial UK Power Networks proved the ‘first’ Quadrature-booster on the Wissington 33kV 
network which can be used on other distribution networks throughout the UK and beyond. The protection 
validation exercise using the RTDS generated significant learning and produced the first reference of a 
protection scheme design for Quadrature-booster in distribution networks.  
 
10.4 Dynamic Line Rating (DLR) 
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The DLR solution deployed by the FPP comprises of both software and hardware components that are 
commercially available and have been used for some time. The methodology and architecture implemented 
by the FPP project can be referenced within the ‘DLR Trial Report13’. 
 
 
10.5 ANM  
 

The ANM solution comprises of both software and hardware components that are commercially available. 
The methodology and architecture implemented by the FPP project can be referenced within the Functional 
Design specification document. The testing and trial outcomes are described within the SDRC 9.6 report. 
 
System Integration  
The system integration is a process not a product and one that covers each and every component of the 
FPP technical solution. This can be referenced within the SDRC 9.4 report. 
 
IEC 61850:  
The design and implementation of the IEC 61850 standard is described within the SDRC 9.4 report. Further 
documents have been produced covering detailed design and testing elements. 
 
Smart Grid cyber Security 
The SDRC 9.6 report and the System Integration trial report provides information on how security was 
designed, implemented and assessed in the project. A Smart Grid Cyber Security framework was produced 
which captures the cyber security approach from the project and presents a replicable security 
implementation method. This can help to a certain extent in providing guidance in understanding when and 
what security considerations should be made within a project life cycle. 
 
11. Planned implementation  
 
The FPP project has proven that flexible connections are a desirable and viable alternative to conventional 
connection offer in the East of England, as shown by the number of accepted connection offers within the 
trial period. 
 
As such, UK Power Networks has made the following commitment in the RIIO-ED1 business plan: 
 
Integrate Flexible Plug and Play connection offers (as per our Low Carbon Network Fund Project) into 
business as usual by Q2 201514 
 
UK Power Networks has since accelerated the rollout of flexible DG connections with the area of Norwich 
being the second zone where flexible generation requests have invited since November 2014. This is being 
managed by business-as-usual teams, therefore accelerating the handover of the FPP trial area and project 
learning. 
 

                                                      

 
13

 http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/ 
 
14

http://library.ukpowernetworks.co.uk/library/en/RIIO/Main_Business_Plan_Documents_and_Annexes/UKPN_EPN_Executive_Sum
mary.pdf 

 

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/
http://library.ukpowernetworks.co.uk/library/en/RIIO/Main_Business_Plan_Documents_and_Annexes/UKPN_EPN_Executive_Summary.pdf
http://library.ukpowernetworks.co.uk/library/en/RIIO/Main_Business_Plan_Documents_and_Annexes/UKPN_EPN_Executive_Summary.pdf
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More areas, within the Eastern and South Eastern region of UK Power Networks’ distribution areas, will 
become open to flexible connections once the necessary analysis of constraints, the communication 
strategy and the POA have been carried out.  
 
The use of the load blinding concept has been approved for use in specific sites within both the Eastern and 
Southern regions of UK Power Networks’ distribution areas with a view of expanding it use to a wider 
application.  
 
One issue encountered by dealing with real customers, was the amount of Local Control system providers 
that the customer could use in order to provide an interface with the UK Power Networks’ ANM system. 
Developing a generic template and approach to agreeing interfaces was difficult due to how different control 
system providers can communicate. In order to speed up the process and learning in this area, UK Power 
Networks will explore the possibility of setting up an NIA (Network Innovation Allowance) project  to compare 
control systems and set up a generic approach to dealing with different providers. 
 
12.  Learning dissemination 
 
The FPP strategy to disseminating the learning generated from the project was set out in the FPP Road 
Map submitted to Ofgem (9 June 2012).  It describes the various techniques, methods and targeted 
communications used during the FPP project to ensure that the learning generated from the project was 
effectively shared will all interested parties but particularly focussing on internal audiences, other DNO’s and 
key stakeholders. Effective learning dissemination will allow the project to be replicated successfully by 
other DNOs. 
 
Our approach to learning dissemination 
From the outset of the FPP project, generating new learning has been a priority. A separate workstream (7) 
was set up in order to manage the internal and external communications from the project and effectively 
deliver the key learning from the project. Learning has taken various forms: 
Planned learning took the form of documents that we promised to deliver at the bid phase, for example, the 
SDRC reports, trial reports and delivering the project use cases. Other learning was gained through carrying 
out the project methodology; this project learning has been shared at various workshops and events and is 
highlighted in the SDRC and 6-monthly project reports. 
 
Learning created through carrying out the FPP project has been captured by the Workstream and Project 
Managers, through a variety of methods including project learning capture meetings, individual discussions 
with the learning dissemination Workstream Manager and through writing learning reports. The learning 
highlights have been shared through the 6 monthly reports and project learning reports. The project also 
keeps a log of all learning created with relation to internal policies and procedures for use by future Low 
Carbon Networks Innovation (LCNI) projects. 
 
At the outset of the project, there were a number of learning materials that were planned to be produced. 
These included participating in conferences, hosting learning events/workshops, producing learning reports 
and providing a project microsite to showcase the entire communications portfolio to a wide variety of 
audiences. 
 
Targeted communications 
The project considered other DNO’s and the key stakeholders to be the primary audience with which to 
share learning from the project. Due to the diverse nature of the project, it was recognised from an early 
stage that communications would be required with a range of key stakeholders with different interests, from 
internal teams involved in the project, other DNOs carrying out similar trials to real customers who were 
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receiving and accepting flexible connection offers. The project needed to employ a range of communications 
strategies to satisfy all of the key stakeholders. 
 
From the beginning of the project, the key internal and external stakeholders were identified and engaged 
with, particularly in the first stage of the project, which resulted in the stakeholder engagement report being 
produced. 
 
Internal audience 
The important aspects of engaging with an internal audience for the project were: 

 To give a clear understanding and ‘buy in’ amongst staff, particularly those that were identified as 
they key players within the organisation. The primary aim of engaging internally was to ensure there 
was buy into the internal business case for delivering a successful project; 

 Engagement with key players for contribution and commitment to the project and beyond to any 
business-as-usual roll out; 

 Build employee-wide awareness of how FPP enables the use of greener generation methods 
 UK Power Networks overall low carbon strategy and therefore developing skills for further low carbon 

programmes. 
 Expert Panel – learning from trials shared with subject matter experts from within UK Power 

Networks. 
 

The project also brought together a number of employees from the internal Directorates with the support 
where required from the project partners.  
We used the following methods to keep the internal audience and key stakeholders informed: 

 Internal webpages 
 Meetings with individual parts of the business 
 Internal training sessions on new technologies installed 
 Internal ‘lunchtime learning’ sessions 
 News releases at key stages of the project 

 
DNOs and other external 
DNOs and customers were identified as the priority external stakeholders to engage with and keep informed 
of project progress. There were a number of key external communications objectives that the project aimed 
to meet: 

 Ensure external communications products are appropriate for the key external stakeholders; 

 Share the knowledge in a number of formats to reach as many interested parties as possible; 

 Share the knowledge in a timely manner. 
 
It was also recognised that other external parties held a keen interest in the project. FPP adopted a number 
of ways to communicate externally: 
 

 Conferences – throughout the project, FPP held four events to share key milestones from the 
project. The project team also attended a large number of conferences, including CIRED and LCNF 
to share learning created by the project;  

 SDRC – The project has produced 8 learning reports on key aspects of the project. 
 Website – A FFP microsite was set-up in 2012 to share key learning documents with an external 

audience. This microsite was revised in 2013 and provided a more joined up approach to 
disseminating learning with other Low Carbon UK Power Networks’ innovation projects. 

 Innovation newsletter – A newsletter providing an update on all innovation projects was written bi-
yearly and disseminated at conferences and events. 

 One to one sessions with DNOs and key stakeholders – FPP engaged with the Orkney ANM scheme 
early in the project to take on board any learning. More recently, FPP has had direct conversations 
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with Scottish Power Energy Networks’ Accelerating Renewable Connections (ARC) project to share 
learning. 

 Awards – in 2014, FPP was shortlisted for five awards. The project was successful in winning two of 
these awards; the Energy Institute Innovation award and the Low Carbon Innovation Award at the 
East of England Energy Group Awards. 

  

 
 
Close-down phase 
A result of delays the commissioning of some of the generation sites, FPP generators will continue to be 
commissioned beyond the end of the project, throughout 2015 and into early 2016. This will result in more 
learning being generated beyond the end of the project. Any additional learning generated from the 
connections taking place after December 2014 will continue to be captured and used to inform the UK 
Power Networks integration of flexible connections into business, whilst also being shared with the wider 
DNO community and DG customers. This learning will be proactively shared with all key stakeholders, other 
DNO’s and DG customers through a variety of channels, which include the UK Power Networks DG Forum, 
conferences and learning events. The project has also made a commitment to produce an addendum to this 
Close Down Report in December 2015, which will capture and articulate any additional learning generated 
throughout 2015. 
 
Included within the close down of the project, a learning event has been organised to disseminate all of the 
key learning generated over the life-cycle of the project.   
 
As part of the projects close down process, the learning generated from the project will be shared to support 
the Transform model governance process to ensure that the assumptions include information generated 
from FPP.  
  
13.  Key Project Learning documents 
 

Document Title 
Publication 

Date 
Document Description Link 

SDRC 9.1 - Stakeholder Engagement 

Report 

September 
2012 

Provides a better understand the needs and concerns of 
stakeholders in the context of the FPP project. 

here 

SDRC 9.2 – Principles of Access 

Report 

December 

2012 

Details the options on smart commercial arrangements for 
interruptible connections 

here 

SDRC 9.3 - IP (Internet protocol) 

Communications Platform 

March 2013 Details the journey to deploy a new telecommunications platform 
and IEC 61850 

here 

SDRC 9.4 - Demonstrate the technical 

characteristics of FPP solution   

September 
2013 

Demonstrates the technical characteristics of the FPP solution here 

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP_Stakeholder_Engagement_Report_Final.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP_Principles_of_Access_report_final.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/UKPN_FPP_Telecommunications+Report_low+res_FINAL.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP_Technical+Solution_FINAL.pdf
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SDRC 9.5 – Strategic Investment 

Model 

December 
2014 

Provides detail on the Strategic Investment Model for Future 
Distribution Network Planning 

here 

SDRC 9.6 - Implementation of active 

voltage and active power flow 

management within FPP Trial area 

December 
2014 

The learning report explains the implementation of active voltage 
and active power flow management within FPP Trial area 

here 

SDRC 9.7 - Facilitation of faster and 

cheaper connection of DG to the 

distribution network’ 

December 
2014 

Describes how flexible connections are a quicker and more cost 
effective method of connecting DG onto the distribution network. 

here 

 

SDRC 9.8 - Deployment of Quadrature-

booster within trial area 

August 2013 Introduces the first 33kV Quadrature-booster and initial operational 
results under different loading conditions 

here 

Progress Report – June 2012 June 2012 Project update for the period 01/01/2012 – 30/06/2012 here 

Progress Report – December 2012 December 
2012 

Project update for the period 01/07/2012 – 31/12/2012 here 

Progress Report – June 2013 June 2013 Project update for the period 01/01/2013 – 30/06/2013 here 

Progress Report – December 2013 December 
2013 

Project update for the period 01/07/2013 – 31/12/2013 here 

Progress Report – June 2014 June 2014 Project update for the period 01/01/2014 – 30/06/2014 here 

Progress Report – December 2014 December 
2014 

Project update for the period 01/07/2014 – 31/12/2014  

Cambridge Report 1 May 2013 Understanding best practice regarding interruptible connections for 
wind generation: lessons from national and international experience 

here 

Cambridge Report 2 October 

2013 

Finding the Optimal Approach for Allocating and Realising 
Distribution System Capacity: Deciding between Interruptible 
Connections and Firm DG Connections 

here 

Cambridge Report 3 July 2014 Distributed Generation: Opportunities for Distribution Network 

Operators, Society and Generators 

here 

Cambridge Report 4 December 

2014 

The role of Distribution Network Operators in promoting cost-

effective Distributed Generation: Lessons from the United States for 

Europe 

here 

Cambridge Report 5 December 

2014 

Integrating Distributed Generation: Regulation and Trends in three 

leading countries 

here 

Quadrature-booster Trial Report March 2015 Provides the key findings from the Quadrature –booster trial  here 

Novel Protection Relay Report March 2015 Provides the key findings from the Novel Protection Relay here 

Communication Trial Report March 2015 Provides the key findings from the Communication trial here 

Table 10: Key Project Learning Documents 

 
14.  Contact details 
 
Sotiris Georgiopoulos 
innovation@ukpowernetworks.co.uk 
Future Networks 
UK Power Networks  
237 Southwark Bridge Road 
London  
SE1 6NP 
 
 
 
 
 
 
 
 

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP%20SDRC%209.5%20-%20Strategic%20Investment%20Model%20for%20Future%20Distribution%20Network%20Planning.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP%20SDRC%209.6%20-%20Implementation%20of%20active%20voltage%20and%20active%20power%20flow%20management.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/Quad+Booster+Report+28+Oct_FINAL.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP_bi-annual_Jun+2012.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP_bi-annual_Dec+2012.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP_bi-annual_june_2013.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/Flexible_Plug_and_Play_Low_Carbon_Networks_140214105641.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/Project-Documents/FPP+Progress+Report+June+2014_v1.0+PXM+170614+with+signature.pdf
http://www.cambridgeeprg.com/wp-content/uploads/2013/10/1309-Final.pdf
http://www.eprg.group.cam.ac.uk/eprg1320/
http://www.sciencedirect.com/science/article/pii/S0306261915000598
http://www.eprg.group.cam.ac.uk/wp-content/uploads/2015/01/EPRG-WP-1422.pdf
http://www.eprg.group.cam.ac.uk/wp-content/uploads/2015/01/EPRG-WP-1423.pdf
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Flexible-Plug-and-Play-(FPP)/
mailto:Sotiris.georgiopoulos@ukpowernetworks.co.uk
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15.  Appendix 
 
Appendix 1 – Geographic view of the trial area with RF mesh nodes 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

Appendix 2 - Coverage plot of the RF mesh nodes 
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Appendix 3 – Key Project Documents  
 

Below are the key project documents that can be supplied upon request. 

 

Workstream Document Description 

DA P.0209.Short Term Security Actions Scope 

DA P.0213.Substation LAN design 

DA P.0248.Overall Project  Schematic 

DA P.0250.Scope of Work WS8 testing and system integration 

DA P.0269.Scope of Work WS8 substation LAN installation 

DA P.0282.IEC 61850 Test Tool Selection report 

DA P.0283.IEC 61850 Data model and Engineering Tool Selection report 

DA P.0311.Quadrature-booster Trial Design 

DA P.0312.Active Network Management & Generator Control Trial Design 

DA P.0313.Dynamic Line Rating Trial Design 

DA P.0314.Communications Platform Trial Design 

DA P.0315.Modern Protection Relay Trial Design 

DA P.0316.Automatic Voltage Control Trial Design 

DA P.0317.System Integration Trial Design 

DA P.0379.Quadrature-booster Trial Schedule 

DA P.0380.Quadrature-booster Trial Report 

DA P.0381.Dynamic Line Rating Trial Schedule 

DA P.0382.Dynamic Line Rating Trial Report 

DA P.0383.Novel Protection Relay Trial Schedule 

DA P.0384.Novel Protection Relay Trial Report 

DA P.0385.Automatic Voltage Control Trial Schedule 

DA P.0386.Automatic Voltage Control Trial Report 

DA P.0170.Transient Stability Studies ‐ Wissington Site 

DA P.0151.Design Process 

DA P.0217.Directional Negative Phase Sequence (DNPS) protection study 

DA P.0202.High level Test Approach 

DA P.0213.Substation LAN design 

WS1 P.0190.End-to-End Acceptance Test Report v6 

WS1 P.0205.EnhancedFieldNetworkDesignv1.6 

WS1 P.0207.Work Method Statement Silver Spring eBridge Installation v1.0 

WS1 P.0208.Work Method Statement Silver Spring Access Point Installation in Substation v1.0 

WS1 P.0214.InitialLogicalReferenceDesignv1.3 

WS1 P.0230.Work Method Statement Silver Spring Relay Installation v1.0 

WS1 P.0260.RF Mesh and IEC 61850 Sub-Set Acceptance Tests Report v2 

WS1 P.0265.Work Method Statement Silver Spring eBridge Installation Wissington BSC v1.0 

WS1 P.0259.Work Method Statement Silver Spring Relay Decommission v1.0 

WS1 P.0157.High Level Design  

WS1 P0158.Field_Network_Design_Option3  

WS1 P0199.New Cabinets_ Power Supply  

WS1 P0191.Master IP Addressing 

WS1 P.0152.Results of LV Pole Site Surveys  

WS1 P.0076.IEC 61850 Lab test report 

WS1 P.0190.Success Measurement Methodology UK 

WS2 P.0102.Factory acceptance test for the Quadrature-booster control system 

WS2 P.0150.Dynamic Line Rating Design Deployment Brief 

WS2 P.0218.Quadrature-booster control system scheme design drawings  

WS2 P.0219.Reverse power flow control drawings 



Flexible Plug and Play 
Closedown Report 
 

 

 

 

 

 

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 53 of 64 

 

Workstream Document Description 

WS2 P.0220.Dynamic Line Rating control drawings 

WS2 P.0251.Factory acceptance test for Quadrature-booster  

WS2 P.0252.Modern Protection Relays a Solution for Reverse Power Flows Design Deployment Brief v1 

WS2 P.0263.Modern Protection Relay Functional Design Specification 

WS2 P.0264.Quadrature-booster control system production specification (February 2013) 

WS2 P.0270.Dynamic Line Rating Factory acceptance test results 

WS2 P.0271.Dynamic Line Rating Protection programmable scheme logic and settings files 

WS2 P.0272.Protection programmable scheme logic and settings files 

WS2 P.0275.Quadrature-booster engineering operating standard 

WS2 P.0276.Quadrature-booster control system engineering operating standard 

WS2 P.0278.Dynamic Ratings C50 presentation, technical spec and control unit 

WS2 P.0279.Protection programmable scheme logic and settings files 

WS2 P.0102.Factory acceptance test for the Quadrature-booster control system 

WS2 P.0150.Dynamic Line Rating Design Deployment Brief 

WS2 P.0218.Quadrature-booster control system scheme design drawings  

WS2 P.0219.Reverse power flow control drawings 

WS2 P.0220.Dynamic Line Rating control drawings 

WS2 P.0251.Factory acceptance test for Quadrature-booster  

WS2 P.0252.Modern Protection Relays a Solution for Reverse Power Flows Design Deployment Brief v1 

WS2 P.0263.Modern Protection Relay Functional Design Specification 

WS2 P.0264.Quadrature-booster control system production specification (February 2013) 

WS2 P.0270.Dynamic Line Rating Factory acceptance test results 

WS2 P.0271.Dynamic Line Rating Protection programmable scheme logic and settings files 

WS2 P.0272.Protection programmable scheme logic and settings files 

WS2 P.0275.Quadrature-booster engineering operating standard 

WS2 P.0276.Quadrature-booster control system engineering operating standard 

WS2 P.0279.Protection programmable scheme logic and settings files 

WS2 P.0374.AVC.11kV Voltage control algorithm  

WS2 P.0372.AVC.11kV Voltage control offline test schedule and validation tool 

WS2 P.0376.Dynamic Line Rating calculation tool 

WS2 P.0375.AVC.33kV Voltage control algorithm  

WS2 P.0373.AVC.33kV Voltage control offline test schedule and validation tool 

WS2 P.0377.Dynamic Line Rating Assurance report 

WS2 P.0378.EOS 09-0070 Dynamic Line Rating Monitoring Equipment on 33kV Distribution Lines 

WS2 P.0149.Frequent Use Switch Design & Deployment Brief  

WS2 P.0150.Dynamic Line RatingDesign & Deployment Brief 

WS2 P.0172.Quadrature‐booster Planning Report 

WS2 P.0198.WilsonQuadrature-boosterRatingName Plate Drawing  

WS2 P.0201.WilsonQuadrature-booster_Control Drawings  

WS3 P.0271.Connection Agreement template 

WS3 P.0291.Connection Agreement Template Capacity Quota 

WS3 P.0361.Comparative curtailment analysis of LIFO vs Pro-Rata  

WS3 P.0211.Wilson Quadrature-booster TAP Control Drawings  

WS3 P.0215.International Experience Report 

WS3 P.0216.Commercial Arrangements_POA 

WS3 P.0217.Connections Agreement Template 

WS4 P.0130.Active Network Management system Acceptance Test Specification 

WS4 P.0202. Active Network Management system Functional Design Specification 

WS4 P.0130.Active Network Management Acceptance Test Specification and Results 

WS4 P.0202.Functional Design Specification ANM  

WS4 P0397.System Integration Test Plan 

WS4 P0399.Integration Test Specification 
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Workstream Document Description 

WS4 P0398.Pre-Production FAT & Test Results 

WS5 P.0180.Stakeholder Engagement Report 1 UK Power Networks 

WS6 P0184.Strategic Investment Model Scope of works.v1.0  

WS6 P.0249.Strategic Investment Model Requirements  Document 

WS6 P.0362.Strategic Investment Model Build Phase Update 

WS7 P.0004.TechCon 2013 – full paper/presentation – Quadrature-booster 

WS7 P.0302.Smart Grid Mission to Canada – full paper/presentation  

WS7 P.0350.Flexible Plug and Play: A Guide to the Quad-booster 

WS7 P.001.FPP Flexible Plug and Play: A Beginners’ Guide 

WS7 P.0013.FPP Flexible Plug and Play website 

WS7  P.0014.Quadrature-booster Video 

WS8 P.0146.Dynamic Line Rating integration Tests Report 

WS8 P.0261.Functional Design Specification_T5500 RTU IEC 61850 Server 

WS8 P.0226.Functional Design Specification for IEC 61850 implementation into the RTU 

WS8 P.0142.Flexible Plug and Play Test Specification  

WS8 P.0200.Specific requirements RTU upgrade 

WS8 P.0188.IEC 61850 Scope of Work 

WS8 P0338.ANM Client Certification 

WS8 P0339.SGS Connect Certification 

WS8 P0340.GE RTU T5500 Certification 

WS8 P0341.Kalkitech SYNC2000 Certification (Communication interface for the SuperTAPP n+) 

WS8 P0342.MR TAPCOM260 Certification (QBCS) 

WS8 P0343.Alstom P341 Certification (dynamic line rating) 

WS8 P0345.FPP Commissioning Tests Report 
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Appendix 4 – Successful Delivery Reward Criteria  
 

SDRC Progress/Status 

9.1 Stakeholder 
Engagement 
Report 1  
 

Evidence 

 Publication of a stakeholder engagement 
report (“Stakeholder Engagement report 
I”). 

Completed.  Stakeholder engagement 
report submitted to Ofgem on 28 
September 2012.  The report was 
written in collaboration with DVN GL 
(formerly GL Garrad Hassan) on behalf 
of the FPP project and it includes a 
foreword by Renewable UK. 
 
The report has been shared with GB 
DNOs and other key stakeholders.  

9.2 Development of 

smart 

commercial 

arrangements  

 

Criterion 

Development of smart commercial 

arrangements, which will provide a number 

of options that can be tested and 

implemented in new types of connection 

agreements with generation developers.  

These will be established in conjunction 

with key stakeholders.  The development of 

smart commercial arrangements will be 

completed by the end of December 2012 in 

accordance with agreed specifications. 

Evidence 

 Publication of a report on Principles 
of Access, which will determine the 
Principles of Access for smart 
commercial arrangements. 

 Connection agreements templates 
(new model forms) for actively 
managed generator connections, to 
be established in conjunction with 
key stakeholders. 

Completed. Principle of Access report 
submitted to Ofgem on 28 December 
2012.  The report was written in 
collaboration UK Power Networks and 
Baringa Partners.  
 
The deliverable to Ofgem included: 

 Report on smart commercial 
arrangements for generators 
connecting under the FPP project, 
including a regulatory analysis on 
underwriting curtailment risk.   

UK Power Networks Connection Offer and 

Connection Agreement templates for 

implementing non-firm generation 

connections. 

 Report on international experience 
of the use of smarter connection 
arrangements for DG by the 
University of Cambridge. 
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SDRC Progress/Status 

9.3 IP (Internet 

protocol) 

Communications 

Platform – Go Live  

 

Criterion 

Full deployment of an Internet Protocol 

(IP) communications platform across the 

FPP trial area to support open standards 

communication protocols. This will be 

completed by the end of March 2013. 

 

Evidence 

 Installation and commissioning 
documentation of Vodafone Multi-
Service Platform (MSP) network 
and Silver Spring Networks Radio 
Frequency mesh network in the 
FPP trial area and in accordance 
with the specification included in 
the contracts with the relevant 
partners. 

 Recorded results of IEC 61850 
communication trials using IEC 
61850 simulators at installed 
locations in the FPP trial area. 

Completed.  The project successfully 
installed and commissioned an IP-
based communications solution across 
the FPP trial area by end of March 
2013.   
 
It also demonstrated through IEC 
61850 trials that the end-to-end 
communications solution was and is 
capable of acting as a bearer for IEC 
61850 traffic. 
 
The Communications Platform SDRC 
9.3 Report was delivered to Ofgem on 
28 March 2013.  The report was written 
in conjunction with Vodafone (formally 
Cable & Wireless Worldwide), Silver 
Spring Networks and UK Power 
Networks. 
 
The report has been shared with GB 
DNOs and other key stakeholders.  
 
 

9.8 Deployment of 

Quadrature‐ 

Booster within trial 

area  

 

 

Criterion 

Successful deployment of a Quadrature-

booster within the FPP trial area. This 

will be completed by 9 August*
15

 2013. 

Evidence 

 Installation and commissioning of 
a Quadrature-booster and in 
accordance with the specification 
included in the contracts with the 
relevant partners. 

 Demonstration of improved 
balance between the circuits 
allowing increased power flow 
headroom of approximately 
10MW 

Completed. The Quadrature-booster 
was successfully installed and 
commissioned in July 2013.  
 
The Quadrature-booster SDRC 9.8 
Report was delivered to Ofgem on 9 
August 2013.  The report was written in 
conjunction with Fundamentals Ltd, 
Wilsons Transformer Company and UK 
Power Networks. 
 
The report provides an overview of the 
deployment phase of the project from 
concept through to commissioning and 
includes initial analysis demonstrating 
the improved balancing between the 
circuits. 
 
The report has been shared with GB 
DNOs and other key stakeholders.  

                                                      

 
15

 This was agreed under change request https://www.ofgem.gov.uk/ofgem-
publications/83108/sdrc9.4and9.8changesdecisionletter150813.pdf 

 

https://www.ofgem.gov.uk/ofgem-publications/83108/sdrc9.4and9.8changesdecisionletter150813.pdf
https://www.ofgem.gov.uk/ofgem-publications/83108/sdrc9.4and9.8changesdecisionletter150813.pdf
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SDRC Progress/Status 

9.4 Demonstrate FPP 
technical 
characteristics of 
FPP solution  
 

Criterion 

Demonstration of Flexible Plug and Play 

capabilities of the overall FPP technical 

solution following completion of the FPP 

installation phase.  This will be 

completed by the end of September 

2013. 

Evidence 

 IEC 61850 certification for all 
relevant Remote Terminal Units 
(RTUs), Intelligent Electronic 
Devices (IEDs) and other IEC 
61850 field devices. 

 Installation and commissioning 
documentation of IEDs and other 
field devices necessary to 
support the trials and in 
accordance with the specification 
included in the contracts with the 
relevant partners. 

 Installation and commissioning 
documentation of production of 
Smart Applications in accordance 
with the specification included in 
the contracts with the relevant 
partners. 

 Pre-production interoperability 
test results for FPP's Smart 
Devices and Smart Applications. 

Completed. The FPP solution was 
successfully installed and 
commissioned in September 2013.  
 
The SDRC 9.4 Report was delivered to 
Ofgem on 30 September 2013. The 
report has been shared with GB DNOs 
and other key stakeholders.  
 

This milestone has seen the delivery of 
the following key outcomes : 
 

 The IEC 61850 conformance of the 
overall components. 

 The commissioning and the 
acceptance of the ANM production 
platform. The integration of the 
Smart devices including the 
Dynamic Line Rating system, the 
Quadrature-booster Control system, 
the Automatic Voltage Control units 
and the upgraded RTUs into the 
ANM production platform. 

 The field commissioning of the 
smart devices to the ANM 
production platform via the RF mesh 
infrastructure. 

9.5 Strategic 
Investment Model  
 

 
 

Criterion 

Delivery of the FPP strategic investment 

model including validation and testing of 

the model utilising data captured within 

the FPP trials.  This will be completed by 

the end of December 2014. 

Evidence 

 Completion documentation for the 
strategic investment model 
development and build phase. 

 Recorded validation and test 
results. 

 Delivery of the strategic network 
investment model in a fully usable 
and external issue format. 

Completed.  The SIM was designed, 
built and delivered in December 2014.  
 
The SIM has been developed, tested 
and fully validate through a number of 
a case studies including the utilisation 
of data captured within the FPP trials. 
The full test results are recorded in the 
report. 
 
The SIM has been completed in a fully 
usable and external issue format using 
commercial software (i.e. Microsoft 
Excel, Fico Xpress) and proprietary 
code from Imperial College London. 
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SDRC Progress/Status 

9.6 Implementation of 
active power flow 
and voltage 
management 
within FPP trial 
area  
 

 

Criterion 

Deployment of active power flow 

management and active voltage 

management within the FPP trial area.  

This will be completed by the end of 

December 2014. 

Evidence 

 Pre-production functional test 
results for active power flow 
management and active voltage 
management applications. 

 Installation and commissioning 
documentation of production active 
power flow management and 
active voltage management 
applications in accordance with the 
specification included in the 
contracts with the relevant 
partners. 

 Suitable agreements with 
generators in place (if required). 

 Trial results for the active power 
flow management and active 
voltage management trials 

Completed.  The active power flow 
and the active voltage management 
was trialled within the FPP trial area 
and the report completed in December 
2014. 
 
The report provides an overview of the 
trials conducted to demonstrate the 
capability of active power flow and 
active voltage management 
applications to overcome a number of 
constraints.  The results analysed have 
come from a combination of both 
simulation and operational 
experiments.  
 
 

9.7 Facilitation of 
faster and 
cheaper 
connection of DG 
to the distribution 
network, as 
compared to 
timescales and 
costs of 
connection 
utilising 
traditional 
approaches.  

 

 

Criterion 

Facilitation of faster and cheaper 

connection of DG to the distribution 

network, as compared to timescales and 

costs of connection utilising traditional 

approaches. To be completed by end of 

December 2014. 

Evidence 

 Demonstration that DG connection 
offers are: 1 - Cheaper; and 2 - 
Offer faster project connection 
timescales, than offers based 
traditional reinforcement. The 
evidence for this criterion will be 
met through the provision of one 
connection offer to generators 
using the FPP methods. If during 
the duration of the FPP project 
other generators are in a position 
to accept a connection offer, then 
we will use that as evidence 
supporting this criterion. 

Completed. The flexible connections 
that have been offered, accepted and 
commissioned have all been used to 
demonstrate that flexible connections 
are a cheaper and faster method for 
connecting DG to the network 
compared to conventional business-as-
usual. 
 
 
Since 1 March 2013 forty flexible 
connection offers have been delivered 
to different DG customers in the FPP 
trial area. Fifteen of these offers have 
been accepted. 
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Appendix 5 – Peer Review Supporting Letter 
 



 

 

                              Future Networks 
 

 

 

 

 

Sotiris Georgiopoulos 
Project Lead – Flexible DG Connections 
Asset Management  
UK Power Networks 
237 Southwark Bridge Road 
London 
SE1 6NP 
 
 
28 March 2015 
 
Dear Sir, 
 
Flexible Plug & Play Close Down Report – DNO Peer Review 
 
Further to your request that SP Energy Networks review and comment on the Close-Down 
Report produced in respect of your Low Carbon Network Funded Project – Flexible Plug & Play, I 
can confirm that we have undertaken this review and consider that the objectives and 
deliverables as agreed in the Project Direction have been satisfied by UK Power Networks. 
 
In addition, subject to the requirements of the governance arrangements,  We can confirm that 
we consider that the Close-Down report as reviewed by SP Energy Networks is clear and 
understandable and will provide sufficient information to enable a DNO, not closely involved with 
the project, with the ability to implement their own Active Management network solution to 
release additional capacity to connect embedded generation as a Business As Usual offering. 
 
I do hope that you find this information of use, but should you wish to discuss anything further or 
have any additional requirements that you need to address, please do not hesitate to contact me. 
 
Yours faithfully 
 

 
 
Euan C Norris 
Senior Project Manager 
SP Energy Networks 
 
 
 
 
 
 
 
   

  

  

  

  


