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1

Executive Summary

The Flexible Plug and Play (FPP) project aims to demonstrate how, through the integration of innovative
technological and commercial solutions, a cost effective connection of Distributed Generation (DG) to
constrained parts of the distribution network can be achieved.
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.
The main focus of this third and final year of the project following the successful delivery of the FPP
technical platform and the development and offer of FPP flexible connections, is to complete the technical
trials, connect onto the distribution network the DG customers who have accepted flexible connections for
commissioning and deliver the Strategic Investment Model (SIM).
This six monthly reporting period (January 2014 – June 2014) is the fifth and penultimate for the project and
has seen the project focus upon finalising the design of the FPP technical trials, progressing the trials
delivery and initiating the delivery process of the ten accepted flexible connections. As can be seen
throughout the report, particularly in Sections 2 (Project Managers report) and 7 (Learning outcomes),
significant knowledge continues to be generated and disseminated through various channels for use by
other Distribution Network Operators (DNOs).
As of 6 June 2014, the project had commissioned one flexible connection, a 0.25MW Photovoltaic (PV)
generator, which is providing operational data and forms part of the trial design and evaluation.
Commissioning the first FPP flexible connection in April provided significant new learning that will be
valuable in improving the end-to-end commissioning process to become more efficient and effective for
future flexible connections.
The FPP project continues to engage and recruit customers. As of 6 June 2014 twenty-four flexible
connection offers have been issued, ten of which will be connected onto the distribution network using the
FPP methods. These ten accepted customers represent a total of 33.88MW across wind, PV and
Anaerobic Digestion (AD) generators connecting at different voltage levels on the distribution network
(33kV, 11kV and LV). The technical diversity of the connections for this portfolio of projects continues to
provide UK Power Networks’ teams with extensive experience and rich knowledge that will be invaluable for
the business-as-usual roll out of this approach. This places the project on target for delivery of Successful
Delivery Reward Criteria (SDRC) 9.7 (Facilitation of faster and cheaper connection of DG to the distribution
network), proving the flexible connections reflect an attractive offer to customers.
It is also significant to note that as many connection requests have been made in the first half of 2014 as in
the whole of 2013, and a higher acceptance rate is being achieved than typically seen with traditional DG
connection offers.
The final year of the project has seen it continue with the technical platform trials in accordance with the
FPP Use Cases. Progress is being made with the simulation, data collection and analysis in preparation
for, where required, real operations involving the newly connected FPP customers. The initial learning
generated from the trials is being used to inform future hypotheses being tested as part of a continual
improvement process to ensure meaningful results are generated.
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Finally, the development of the SIM remains on track. The model has been developed, is currently under
testing and the case studies that will form the basis for the analysis and discussion are being produced.
Risks
The FPP project recognised from the bid stage that a key risk to demonstrating the technical and
commercial innovation developed by the project was the lack of customer participation to its trials (Bid risk
R004). This has been successfully managed with excellent stakeholder engagement since the beginning of
the project and mitigated by signing up ten customers for the FPP flexible connections, which has proved
the commercial arrangements are acceptable to DG customers.
The project is managing the risk that commissioning dates may fall after December 2014 when trials are
complete. This is being mitigated through the commissioning of the first flexible connection in April 2014 and
will be supported by extensive simulated trials where required.
Learning outcomes
The key areas where the project has seen significant learning outcomes related to connecting DG
customers through the flexible connections, the design and delivery of the FPP technical trials and the ongoing engagement with DG customers.
The project has learnt that there is still an appetite for flexible connections when the curtailment levels
exceed the previous maximum accepted levels of 5.3%. Currently the project has seen two DG customers
accepted connection offers with ~9% annual curtailment estimates.
The project has commissioned its first flexible connection during this reporting period and learnt that a
number of pre-commissioning-day tests are required to ensure the generators control system can
communicate with the FPP ANM system.
Please refer to sections 2.1 and 7.1 for further learning and more detail.
Knowledge Dissemination
The FPP project team has disseminating the learning generated that can be evidenced by the five SDRC
learning reports and the presentations, papers and videos presented in various industry events that are
available in the public domain.
In February 2014 the project delivered an external Quadrature-booster learning event held in London to
present all of the key learning generated and the initial trial results following the successful deployment in
the summer of 2014. This event shared both detailed technical and non-technical key learning points across
two sessions with audience members from other DNOs, industry and academia.
In June 2014, the Electricity Policy Research Group at Cambridge University, one of the FPP project
partners, organised a day’s seminar on smart connections and distributed generation to present the findings
of the work undertaken for the FPP project.
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In addition, the project has engaged in bilateral discussions with other DNOs, for example with Scottish
Powers’ Accelerated Renewable Connection (ARC) project to ensure the learning generated by FPP from
the connection agreements and ANM can be utilised by other DNOs who are working on similar topics.
As the project draws to a conclusion, internal knowledge dissemination has continued to play a significant
role in transferring the knowledge into business-as-usual. The project is continuing to work alongside a
number of internal departments and stakeholders to both deliver the FPP project activities, but also
importantly transfer and embed all knowledge generated by the project to support and ensure business
readiness for delivery of the flexible connections in 2015.
Full details of the learning dissemination activities can be found in section 7.2.

2.

Project Manager’s report

2.1 Progress in current reporting period
2.1.1 Customer recruitment – Connection offers
Customer recruitment – Connection offers
UK Power Networks has been offering flexible (or interruptible) connections since 1 March 2013. The offers
allow the DNO to curtail the generators’ output as necessary to maintain the network within operating limits.
The offers are supported by detailed curtailment modelling that provide the DG customers an estimate of
the annual reduced output and the set of assumptions that the estimate is based on.
The project has seen increasing interest and demand for the FPP connections offering. The table below
provides a summary of the DG customers that the project has engaged with so far and the current status of
their FPP offers.
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Table 1: A summary of the DG customers have received an FPP connection offer
Generator
Generator 01
Generator 02
Generator 03
Generator 04
Generator 05
Generator 06
Generator 07
Generator 08
Generator 09
Generator 10
Generator 11
Generator 12
Generator 13
Generator 14
Generator 15
Generator 16
Generator 17
Generator 18
Generator 19
Generator 20
Generator 21
Generator 22
Generator 23
Generator 24
Generator 25
Generator 26
Generator 27
Generator 28
Generator 29
Generator 30
Generator 31
Generator 32

MVA
8
0.50
10.00
5.00
1.50
1.00
10.25
0.50
2.40
0.50
6.60
0.50
7.00
4.00
0.25
1.50
6.93
0.50
9.48
1.2
0.5
15
5
5
15
4
2
2
15
29.9
15
5

Tech
Wind (33kV)
Wind (11kV)
Wind (33kV)
Wind (33kV)
Wind (11kV)
Wind (11kV)
Wind (33kV)
CHP (11kV)
PV (33kV)
CHP (11kV)
PV (33kV)
Wind (LV)
PV (33kV)
PV (33kV)
PV (11kV)
CHP (33kV)
PV (33kV)
PV (33kV)
Wind (33kV)
PV (11kV)
Wind (11kV)
PV (33kV)
PV (33kV)
PV (11kV)
PV (33kV)
PV (11kV)
PV (11 kV)
PV (11kV)
PV (33kV)
PV (33kV)
PV (33kV)
PV (33kV)

Status
ACCEPTED
Re-requested – Offer due Jun/14*
ACCEPTED
Expired
ACCEPTED
ACCEPTED
Expired
ACCEPTED
Expired
Expired
Expired
ACCEPTED
Expired
ACCEPTED
ACCEPTED AND COMMISSIONED
Expired
ACCEPTED
Offer valid until May/14
Expired
ACCEPTED
Offer valid until Jul/14
Offer valid until Jul/14
Offer valid until Aug/14
Offer valid until Aug/14
Customer has requested offer, due Jun/14
Customer has requested offer, due Jun/14
Customer has requested offer, due Jun/14
Customer has requested offer, due Jun/14
Customer has requested offer, due Jun/14
Customer has requested offer, due Jun/14
Customer has requested offer, due Jul/14
Customer has requested offer, due Jul/14

*Initial Offer sent 1 March 2013, expired 1 June 2013
Figure 1 below shows that as of the 6 June 2014, there have been ten connection offers accepted that
equate to a total capacity of 33.88MW. Two of the schemes connect to Peterborough Central Grid and the
remaining eight are included within the March Grid quota/Last In First Out (LIFO) scheme.
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Figure 1: Summary of Customer Engagement to Date

Offers have now been issued for the whole of the capacity quota for March Grid, as well as a number of
LIFO offers after the quota. This means that the quota and the queue of customers need to be monitored
and managed, so that they can be updated to any changes in their position in the queue. Their position is
based on the date their connection request is received. When an offer expires and drops out of the queue,
new curtailment reports are produced and shared to explain improvements in a customer’s position in the
queue; however, this does not extend the validity of the quotation.
Figure 2 below shows the range of curtailment estimates for the first generators to connect to the March
Grid quota. It shows the difference between the generators who applied early enough to gain a position in
the quota compared to those who could only be offered a place in the LIFO queue after the quota of
33.5MW had been offered/accepted. The learning this has generated is further explained in Section 7.
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Figure 2: Principles of Access Assessment March Grid quota followed by LIFO

Connections delivery
During this reporting period the first flexible connection was commissioned onto the network in the FPP trial
area using the ANM system. The first customer to be commissioned was the 0.25MW PV installation
feeding into Peterborough Grid in a LIFO capacity. They accepted their connection offer with an expected
estimated curtailment of around 8% of their export over a single year.
Learning from the commissioning of the first flexible connection has been captured and will be applied to the
commissioning of other generators, this is detailed in Section 7.
The rest of the accepted generators will be connecting under the FPP framework throughout the year and
discussions are on-going to support the successful commissioning, where possible, prior to the end of the
project in December 2014. The expected connection dates are shown in the table below.
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Table 2: Status of accepted connection offers
Generator

MVA

Tech

Status

Generator 01
Generator 03
Generator 05
Generator 06
Generator 08
Generator 12
Generator 14
Generator 15
Generator 17
Generator 20

8
10.00
1.50
1.00
0.50
0.50
4.00
0.25
6.93
1.2

Wind (33kV)
Wind (33kV)
Wind (11kV)
Wind (11kV)
CHP (11kV)
Wind (LV)
PV (33kV)
PV (11kV)
PV (33kV)
PV (11kV)

ACCEPTED
ACCEPTED
ACCEPTED
ACCEPTED
ACCEPTED
ACCEPTED
ACCEPTED
ACCEPTED
ACCEPTED
ACCEPTED

Estimated Connection
Date
November 2014
November 2014
October 2014
Early 2015
November 2014
July 2014
November 2014
Connected
Autumn 2014 (tbc)
June/July 2014 (tbc)

Accepted
curtailment
level
2.82%
5.30%
5.00%
9.6%
2.00%
5.30%
3.00%
7.93%
2.70%
9.16%

UK Power Networks is working to meet the connection dates requested by the FPP customers. The
upgrade of a section of overhead line is on the critical path for completion of one the connections, the FPP
team is working closely with the rest of the UK Power Networks to ensure that these works are completed
on time.
2.1.2 Technical Trials
Following the delivery of the technical solutions in the summer of 2013, the project has focused on the trial
design and planning to deliver the learning outcomes set out in the FPP Use Case document. Seven trials
have been designed (Dynamic Line Rating, Quadrature-booster, Novel Protection Relay, Communications,
System Integration, Active Voltage Control (AVC) and ANM) each with a number of hypotheses. The
hypotheses have been designed to answer and meet the learning outcomes. The seven trial have been set
up to run independently, but also complement each other with the learning that will be generated.
Whilst the Use Case document indicated that the project might also connect to the Hemsby storage device
on our Norfolk network, the project no longer sees this as value-adding, and have recently published a
comprehensive report to the other DNOs from our LCNF Tier 1 project, which can be found
www.ukpowernetworks.co.uk/innovation
Communications Trial
The communications trial is concerned with proving the newly deployed, open standard based Internet
Protocol (IP) communications infrastructure that forms the basis for the FPP platform. This platform consists
of Vodafone Wide Area Network (WAN) and Silver Springs Radio Frequency (RF) mesh network. The trial
investigates the performance of this solution under all possible scenarios and the ability of supporting other
relevant FPP trial cases. The following aspects of the solution have been assessed during this reporting
period as part of this trial.
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Reliability
The communications platform is monitored under various network and weather conditions to ensure it
maintains the expected performance levels. The test criteria from the site acceptance testing forms the
basis of assessment of the characteristics such as throughput, availability, latency, link quality, self-healing
and hop count.
Following a period of upgrade and optimisation since March 2013, particularly an upgrade of hardware from
generation-2 to generation-4, the performance level has increased as shown in the Table 3.
Table 3: RF mesh performance statistics
Performance Indicator
Availability
Data success rate
Average RTT (Round Trip Time) in milli seconds

Aug 2013 - Nov 2013
92.88%
91.86%
929.1

Dec 2013 – Jan 2014
99.81%
98.73%
535.1

Improvement
7.46%
7.48%
42.41%

The only time the RF mesh has experienced significant reliability issues was during the severe weather at
the beginning of 2014. This saw the Northwold primary substation at the edge of the mesh coverage lose
service, as it is the only site that is dependent upon a single node for its back route to the master ebridge, it
was more vulnerable than other primary substations. A replacement relay was installed, as per the
designed replacement process, which resolved the issue and now the RF mesh network is fully functional.
Resilience
The performance statistics as per Table 4, demonstrates the resilient performance of the RF mesh network
with high availability and data success rate. A high availability figure indicates that the radio mesh network
has minimal down time while a high level of data success rate indicates minimal errors and retries while
transporting the data over the radio mesh network.
Table 4: RF Resilience Performance
Performance Indicator
Availability
Data success rate

1 Feb 2014 – 8 May 2014
99.17%
98.34%

Scalability and speed of connection
The original mesh was designed for coverage over the whole trial area, but only had nodes installed at
substation sites and at relay sites, since it was not possible to predict which generators would connect. This
trial assesses whether or not the desk-top study of radio coverage across the geographic area is correct
when it comes to adding a new physical node at a generator.
This attribute of the communications platform was tested and proven during the connection of the first
customer onto the FPP platform. For the purpose of the connection, communications were deployed in two
sites for measurement and control in a cost-effective and quick (in days) manner.
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Security
The project does not see generator connection points as necessarily a particular risk for cyber security, but
are keen to assess the technology for wider application within the DNOs beyond generator connections.
The major activity on the communication platform during this reporting period was the RF mesh security
improvements. Following the FPP security design and risk assessment work undertaken last year, a list of
security improvement actions were identified for mitigating potential cyber security risks. The four key
actions are listed below;
1. Disable a legacy port which was open and accessible on the RF ebridges
2. Enable link layer security on RF mesh network (in order to defend against rogue devices)
3. Enable application layer security on RF mesh network (in order to defend against ‘playback’ attacks
where an attacker records and plays back a previous message)
4. Ensure the ZigBee Module in the RF ebridge is disabled by default
The security improvements were implemented in two stages;
1. Upgrade the required firmware on the Gridscape application and the remote RF mesh devices to
support the security features.
2. Enable application layer security followed by disabling of legacy port and enabling of link layer
security.
Following the improvements, a series of rigorous tests were conducted to ensure the security functionality
was fully validated. Once completed, an assessment of the as-built communications platform was
completed and recommendations were made, as follows;
 Security event monitoring
 Disclosing security vulnerabilities
 Providing security patches.
The FPP project is currently assessing the security test results and further improvement recommendations
with the UK Power Networks IT Security department. The next steps are currently being discussed and
finalised.
Smart Devices
Trial designs for each of the smart devices, which provide structure to the trials and ensure that the trials
deliver in accordance with the project Use Cases, have been developed, reviewed and approved. A high
level overview of the trials and progress made to date is outlined below.
Quadrature-booster
The performance of the Quadrature-booster is being evaluated using power quality monitors that enable the
collection of one minute averaged load flow data for each of the three circuits that feed the substation. In
addition to this, information generated by enhanced monitoring equipment – the DR-C50 Series
Transformer Monitor and the Morgan Shaffer Calisto 9 Dissolved Gas Analysis system – are also used in
the trial evaluation.
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An interim review of the performance of the Quadrature-booster and the associated control system indicates
that the Quadrature-booster suitably shifts load between the lines in accordance with design requirements
and expectations from commissioning of the system.
In addition to the above, the project began a trial in May 2014 to demonstrate an enhanced Quadraturebooster control philosophy that enables control of the target set-point within the Quadrature-booster control
system. The target set-point is the desired load sharing ratio between the two parallel 33kV circuits on which
the power flows are being controlled to achieve optimal load balancing. By default the set point is set at
50%. In the trial system, the ANM platform will host a new algorithm which receives inputs from remote
measurements to determine a revised set-point target for the Quadrature-booster control system. This
revised target set-point is communicated to the Quadrature-booster control system via International
Electrotechnical Commission's (IEC) 61850 communication. With this revised control philosophy it is
expected that the additional capacity created by the Quadrature-booster is also available to any potential
connections along the Downham Market and Northwold lines, and not only feasibly available for
connections made directly onto the Wissington Substation. As there is no generation currently connected on
the Downham Market and Northwold circuits, the trial will be undertaken in a simulation environment. This
commenced in May 2014 and is expected to conclude in September 2014.
Dynamic Line Rating
A detailed review of the operation of the dynamic line rating system is underway to evaluate the
performance of the system as configured during the design stage.
The outcome of this review will feed into the configuration of the ANM system and will determine the
additional capacity that can be utilised by flexible generation connections, along with the way in which it will
be made available.
One of the dynamic line ratings systems is the designed solution to accommodate the connection of an
accepted flexible connection (Generator 01) with a commissioning date of Q4 2014. As such the dynamic
line ratings system will also be fully integrated into UK Power Networks SCADA system.
Novel Protection Relay
The protection relays deployed at both March Grid and Peterborough Central are programmed to generate
alarms resulting from directional negative phase sequence, which are generated during system faults, and
voltage dependant overcurrent, which can detect and clear balanced faults. These systems are currently
under review, so as to determine their suitability as a back-up protection system for the 132kV network. To
supplement the trials, power quality monitors have been deployed on each of the circuits so as to measure
line and phase voltages, as well as the negative phase sequence currents on the circuits.
To date there have been no faults on any of the 132kV circuits out of March Grid and Peterborough Central,
and therefore no negative phase sequence current recorded. Subsequently there have been no alarms
generated by the directional negative phase sequence elements of the system. There have, however, been
a number of alarms generated by the voltage dependant overcurrent settings, which suggests that the
settings could be too sensitive and need to be adjusted. These amendments are currently under
consideration.
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This is the most difficult trial to validate in the field as it requires a 132kV fault to occur and accordingly have
relied more on the testing that has taken place at the manufacturer.
An alternative approach currently under consideration, is the introduction of load blinding and voltage drop
functions within the protection relay used in this trial, which would be combined with the directional
overcurrent functionality and enable it to react to reverse power flows only in the event of a change in circuit
impedance or as a result of a significant voltage drop, both of which could only occur during fault conditions.
This approach has been implemented and trialled as part of the existing set up.
Details of each of these approaches (load blinding, voltage drop, directional negative phase sequence and
voltage dependent overcurrent) have been disseminated in the report for SDRC 9.4 and internal
calculations are available to other DNOs.
Automatic Voltage Control
The aim of the trial is 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. It is proposed to demonstrate distinct solutions for the 33kV network and for the 11kV
network as these two types of network present different challenges and specific voltage control issues.
In order to maintain statutory voltage limits on the distribution network at 33kV and 11kV, standard AVC
schemes are set up to control voltages to a basic voltage target using load drop compensation. There are a
variety of additional factors used to accommodate for distributed generation, which affects the voltage
profile on the network, although all of these are based on preset quantities and do not fully accommodate
for the variable nature of load and generation. Whilst this approach improves the performance of AVC in
areas of the network with distributed generation, areas of the network with significantly large penetration of
distributed generation are still susceptible to voltage control issues due to the variable nature of the
distributed generation. To improve the control functionality, and therefore the ability to maintain statutory
voltage limits in areas of the network with significant penetration of DG, it is proposed to use the ANM
platform to provide real-time information about the load and generation to provide a more accurate
estimation of the conditions. Considering the distinct challenges for the 33kV network and for the 11kV
network the proposal is to calculate different parameters in each system.
For the 33kV network, the proposal is to use the ANM system 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 generation sites. This calculated
optimum voltage target will be communicated to the voltage regulation relay at the Grid Substation using the
IEC 61850 protocol.
For the 11kV network, the proposal is to calculate a load ratio using remote measurements at points of
common coupling at a number of generation sites. This load ratio is a measure of the load and distributed
generation that is supported by the network and is currently fixed at the design stage of the AVC
implementation. The proposal is for the ANM system to systematically update the load ratio on the AVC
system via IEC 61850 communication such that any errors in generation estimation will be significantly
reduced.
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Both trials began in May 2014 and are expected to conclude in September 2014. Each has a natural fallback to the current existing set point in the event of lost communications.
Frequent Use Switches
Ring Main Units (RMUs), which are being installed as part of business-as-usual activities, are being used
instead of Frequent Use Switches, and has resulted in a refund of the funding associated with the
supply/design/installation and commissioning costs for the Frequent Use Switches. The RMUs are
scheduled to be energised in August 2014.
The 33kV RMUs are positioned on site but are not yet energised. These RMUs will be remotely controllable.
This will allow the flexibility of Whittlesey Primary substation to be supplied from either March Grid or
Peterborough Central. The RMUs will be controlled through ENMAC, and the switch status indications are
relayed to ENMAC as part of business-as-usual. The ANM will pick up the switch indications from ENMAC
to determine the running arrangement at any time. It is expected that under winter maximum network load
conditions, Whittlesey primary will be supplied to Peterborough Central. And under summer minimum load
Whittlesey primary supply will be shifted from Peterborough Central to March Grid.
The scope for frequent network reconfiguration to enhance network performance or remove barriers to
renewable generation will be initially simulated using Power Factory, a power systems modelling tool from
DigSILENT, and then demonstrated on the network. The detailed study would provide seasonal network
running schemes that maximise network utilisation.
Smart Applications
Following the commissioning of the ANM production platform located at the UK Power Networks Control
Centre during the previous reporting period, the project has been focusing on preparing for the technical
trial and the connection of the first generator into the trial area.
The ANM trial stage aims to prove the applicability and the efficiency of the ANM system to mitigate
constraints that could appear at various parts of the network because of increasing amounts of generation
connections. The ANM trial approach structures the activities through three main stages (monitoring,
simulation and operation) and ensures that the trial delivers in accordance with the project’s Use Cases.
The ANM trial design document details hypotheses covering power flow management, voltage management
and thermal rating application. Those hypotheses will be demonstrated during the various phases of the
trial. During the first reporting period of 2014, the monitoring and simulation phases have been initiated:
 The monitoring phase: Focused on gathering the baseline data that will be used to assess the next
phases. It has required significant work to ensure the data gathered from the smart devices is
correctly stored within the UK Power Networks data historian database.
 The simulation phase: To demonstrate the ANM functionalities before the connection of future
generators a number of tests were carried out on the production platform, with the addition of
simulated devices. This approach allowed the use of the FPP technical solution deployed into the
FPP area with the addition of five simulated generators.
During the simulation stage, the FPP technical solution has been fully exploited by using real time
measurements coming from the trial area and by adding flexible, as well as firm simulated generation.
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Multiple scenarios have been run to demonstrate the various functionalities of the ANM system. This
simulation phase has generated additional learning and avoided relying only on the commissioning activities
completed during the reporting period, which were more focused on demonstrating end to end tests. The
implementation of simulated generators allowed the project to see generation outputs and network
conditions in order to assess the ANM system against specific network constraints. The tests demonstrated
the capabilities of the ANM to mitigate power and voltage constraints by managing generators outputs as
would be the case with live generators.
Work in the next reporting period will focus on how the ANM system can interact more closely with smart
devices, such as the Quadrature-booster control system and the AVC to develop advanced network
management functionalities.
In addition to the trial activities, the project has been working on the connection of generation customers
into the trial area. The first flexible connection of 0.25MW PV generator was commissioned in April 2014
with the ANM system managing a potential voltage fall outside of statutory limits that could occur in the
event that all generators connected to this 11kV feeder disconnect from the grid. The curtailment of the PV
generator is linked to the headroom that remains un-utilised from the existing 2MW firm wind generator
connected in the same area.
System Integration trial
This trial case is unique as it has trial objectives rather than hypotheses. The trial objectives cover a wide
spectrum of activities related to all technical workstreams as described below.
Integration of the FPP technical solution with various systems and technologies
The primary challenge in this case is to integrate the ANM controller from Smarter Grid Solutions (known as
‘sgs connect’) with various DG customer installations, each operating a different generator control system
thereby requiring different design considerations, such as variation in data interface and protocols. This is
further complicated by the fact that wind, solar and CHP generation have different characteristics leading to
variation in signal exchange requirements.
The project design team has worked with a number of FPP customers to understand the generic
requirements of their DG control systems. A standard design template has been drafted to cover the
communications and signalling design with specific variations in accordance to the nature of DG.
Distributed Network Protocol 3 (DNP3) has been specified as the preferred method of communication from
the ANM to the DG control system, but where DNP3 is not supported; alternative options are offered
including hard-wired signals and other industry wide protocols such as Modbus.
For the connection of the first generator, Modbus protocol over Transmission Control Protocol/Internet
Protocol (TCP/IP) has been implemented. This was more difficult than first planned. The commissioning of
this link encountered delays due to the issues in successfully integrating the ANM with the DG control
system, and the specific learning points are detailed in Section 7.
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The trial will be further exploring the feasibility of implementing local generator controller functionality into
the existing UK Power Networks RTU and assess the capabilities of the FPP solution to be able to integrate
ad hoc and non-standard technologies and solutions.
System optimisation
This exercise forms an iterative process adjusting parameters to improve system performance. The areas
considered for enhancement include communications timeout settings, TCP keep-alive intervals and
deadband settings.
The operation of the ANM system as a whole is also being assessed to identify areas for optimisation. The
main objective is to refine the overall system to reduce the frequency and duration of DG curtailment, while
maintaining security of supply and ensuring the network operates under operational limits. A study of
various DG characteristics and their impact on ANM operation has provided guidance to optimise
configuration of ANM application. As more DG customers engage in the ANM integration phase, we will
seek to further optimise the system to cater for the requirements of a wide range of DG technologies.
Smart Grid security assessment and framework
The FPP project has carried out a security assessment of the as-built FPP solution. The purpose was to
assess the cyber security status of the solution against the requirements and expectations established
during the design phase and identify gaps and recommendations for additional security controls, which
could be applied to the as-built FPP technical solution. These recommendations will be implemented during
the second half of the trial phase.
As part of the FPP use case learning, a Smart Grid cyber security framework is currently being developed
based on the activities completed to date within FPP project, other smart grid projects, and relevant
international smart grid standards, models and guidelines..
IEC 61850 data modelling and engineering process
A particular characteristic of IEC 61850 is that it requires recipients and senders to all refer to a common
data model, which eases the integration process of multiple components.
A high level business process document is being developed by referring to the approach taken by FPP
project approach data modelling and engineering of IEC 61850 standard. The objective is to provide
guidance to the business in maintaining and expanding the IEC 61850 solution developed by the project.
This will cover business process descriptions; recommendations in managing and maintaining FPP data
model and further recommendations to the business in exploring the capabilities of the standard.

2.1.2 Strategic Investment Model (SIM)
The SIM allows a multi-year strategic investment comparison to identify the optimal approach in maximising
network reliability, economic efficiency and carbon dioxide reduction, through the deployment of smart
technologies and the deferral of reinforcement.
The development of the SIM by Imperial College London continues as planned and is on track for delivery
by the end of 2014. In this reporting period Imperial College has carried out a functionality test of the SIM
and the following activities related to the development of SIM:
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Characterisation of dynamic line ratings to investigate the materiality of a set of parameters that
should be considered in the model. Typically, the main parameter used in dynamic line ratings
characterisation is wind speed. Studies conducted by Imperial College London demonstrate that in
addition to wind speed, the angle of wind direction towards the conductor is an important parameter
to be considered. The Imperial College London studies have also shown that the relative ratio
between the dynamic capacity and static capacity is relatively robust against changes in
temperature. This indicates that similar ratios can be implemented across different seasons. A
methodology that will allow polynomial functions of dynamic line ratings to be established has been
developed.
The power flow algorithm that is used in SIM has been developed by Imperial College London. A set
of studies has been carried out to validate the power flow algorithm’s results against the results from
other commercial load flow packages (Power Factory from DigSILENT). The studies demonstrate
that the power flow algorithm integrated in SIM is valid.
In addition to the regular project management meetings, discussions with UK Power Networks
Network Planning department have started to further develop the SIM interfaces and facilitate its
implementation and use. For this purpose dedicated material has been developed to describe and
communicate the SIM’s modelling approach in more detail. Furthermore the results of preliminary
studies have been discussed with UK Power Networks Network Planning department.
In addition to the original plan to include modelling of wind generation (as the only form of renewable
DG), an approach to incorporate PV power generation in SIM has been developed.
A range of preliminary tests has been carried out to demonstrate the functionality and application of
SIM. While some preliminary results show robust performance of SIM, further work will be carried
out to establish realistic test cases that will be developed in collaboration with UK Power Networks
Network.

In the next reporting period, the following work will be completed and is broken down into the following
stages:
1. Case studies will be developed to review and validate the input and output data. All of the results
generated from the model will be analysed.
2. The results and analysis from the case studies will be used to validate SIM and inform possible
further modelling work required.
3. The finalisation stage of SIM will include:
 the final report, that will describe in detail the model, the validation and case studies’ results and
will be followed by analysis of the case studies and main conclusions
 technical and user documentation for the SIM and user training, which will enable the integration
of SIM into existing decision making processes for UK Power Networks and other interested
parties.

2.2 Key challenges during this reporting period
The key challenges have been focused around the connection of the FPP customers and the delivery of the
technical trials.
As of 6 June 2014 the project has produced 24 FPP quotations, with a further eight to be quoted before or
during July 2014. The demand for flexible connections has been much higher than originally anticipated:
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even as the March Grid quota has been exceeded, FPP connection requests are still being received. This
high demand for flexible connection quotations has created additional work within the team which is being
managed carefully to ensure that it is not affecting the outputs of the trials.
The project has encountered new technical challenges during the design and connection of the first FPP
customer. A key challenge has been ensuring that the local interface between the ANM and the generator
control system was working as required, so both systems could send and receive information. This involved
further testing and development to the local interface, which required bench and on-site testing from both
Smarter Grid Solutions and the generator’s control system manufacturer based in Germany. The lessons
learned from this first connection will be applied to the next connections of generators and are outlined in
Section 7.
Each trial is generating large volumes of technical data on a daily basis that has to be transferred into a
‘useable format’, validated, analysed and then conclusion drawn to answer each hypotheses. This was a
key challenge that was essential for the project to overcome quickly and with a positive outcome. With this
in mind trial evaluation review meetings are being held frequently to monitor progress and ensure that any
potential issues are identified and mitigated in timely manner within minimal impact upon the trial.
The design and delivery of the trials and flexible connections has involved a number of project workstreams,
the majority of the project partners, as well as resources from a number of different directorates within UK
Power Networks, including Network Operations, Asset Management, Capital Programme and IT. To ensure
a coordinated approach across the multiple activities, the project continued with the process followed during
the successful delivery of the technical platform, holding weekly trial plan and risk review meetings with the
Trial Managers and Design Authority in attendance to identify, review, manage the risk and issues and
review the project plan to track and monitor the dependencies between all of the trials.

2.3 Outlook for next reporting period
The project will focus on three key activities during the next reporting period, which will be the energisation
of the FPP flexible connections, concluding the technical the trials and continuing to disseminate valuable
learning and embedding the knowledge generated from the project into UK Power Networks business-asusual.

2.4 Key challenges for next reporting period
The project has already seen some of the new generators delay their installations as a result external
factors, such as planning permission, which are not directly related to the FPP project. This will create a
challenge to connect the FPP customers in time to allow the project to conduct ‘real’ operational trials
(particularly the ANM component) and to verify the trial hypothesis which meet the learning outcomes. The
project continues to work closely with the FPP customers to fully understand any potential changes that may
impact the commissioning dates. As previously mentioned earlier, the commissioning of the first flexible
connection in conjunction with simulations will mitigate against risk of not having any generators connected
during the operational trial phase.
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A key challenge, as with any other project, is the transferring of knowledge developed from a complex
solution and designing effective processes suitable for integration into current business processes. The
project is continuing to transfer activities into business-as-usual and is working closely with numerous parts
of the business to enable a smooth transition.
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3.

Business case update

A number of interruptible connections have been offered to DG customers located in the FPP trial area. The
main benefits of the project are faster, cheaper connections. This is shown in Table 5:
Table 5: Comparison between a business-as-usual connection offer and FPP ‘interruptible’ connection offer
Generator
Generator 01
Generator 02
Generator 03
Generator 04
Generator 05
Generator 06
Generator 07
Generator 08
Generator 09
Generator 10
Generator 11
Generator 12
Generator 13
Generator 14
Generator 15
Generator 16
Generator 17
Generator 18
Generator 19
Generator 20
Generator 21
Generator 22
Generator 23
Generator 24

MVA
8.00
0.50
10
5
1.50
1
10.25
0.5
2.4
0.5
6.6
0.5
7
4
0.25
1.50
6.93
0.50
9.48
1.2
0.5
15
5
5

Tech
Wind
Wind
Wind
Wind
Wind
Wind
Wind
CHP / AD
PV
CHP / AD
PV
Wind
PV
PV
PV
CHP
PV
PV
PV
PV
Wind
PV
PV
PV

BAU offer
£3,508,930
£1,891,200
£4,827,000
£1,185,000
£1,950,000
£2,050,000
£5,244,247
£1,900,000
>£2,000,000
£2,500,000
£9,000,000
£830,000
>£5,000,000
£4,000,000*
£57,596*
>£4,000,000
£4,000,000
£9,000,000
£8,000,000
£1,000,000
£206,800
£11,200,000
£13,700,000
£13,700,000

FPP offer
£881,611
£116,909
£590,818
£649,788
£157,137
£384,711
£1,584,000
£114,140
>£ 200,000
£117,474
£1,734,877
£61,293
£997,903
£148,192**
£750.00**
£127,683
£390,780
£387,147
£1,966,276
£66,008**
£83,456
£188,832
£649,166
£1,297,949

Savings
74.9%
93.8%
87.8%
45.2%
91.9%
81.2%
69.8%
94.0%
90.0%
95.3%
80.7%
92.6%
91.3%
96.3%
98.7%
96.8%
90.2%
95.7%
75.4%
93.4%
59.6%
98.3%
95.3%
90.5%

*The business as usual connection offers for generators 14 and 15 are expensive compared to the FPP

offers, this is because there is no more capacity available in that section of the network. These projects
therefore need to connect at different places to have the additional firm export capacity requested.
**Generators 14, 15 and 20 FPP offers are not comparable to the other projects and their equivalent
savings, as they are already connected to the UK Power Networks network and either require additional
capacity or just an export connection. There are minimal works required on site due to this and therefore
their flexible connection costs are minimal.
Please note, generators 20 onwards, have been charged for the ANM equipment, as the initial eight, ANM
units were funded through the LCN fund have now been allocated to the first eight projects to accept.
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The generators who benefit are those who would otherwise be required to connect at a higher voltage level
or move their project sites, and therefore save a significant amount of money on their upfront connection
costs by accepting a level of curtailment.
The savings shown in the Table 5 are significant and have proved attractive for DG customers. However, as
DG customers continue to request connections to March Grid, the curtailment estimates continue to rise, the
next round of connection offers will therefore be interesting and will show the level of curtailment that real
developers are willing accept.

4.

Progress against budget

This section is provided as a confidential appendix.

5.

Bank account

This section is provided as a confidential appendix.
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6.

Successful delivery reward criteria (SDRC)

Table 6: Delivery required in 2012
SDRC
9.1

9.2

Stakeholder
Engagement
Report 1

Development
of smart
commercial
arrangements

Progress/Status
Evidence
 Publication of a stakeholder
engagement report
(“Stakeholder Engagement
report I”).

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. 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. . It is available
in the FPP learning zone on the UK Power
Networks innovation website:
www.ukpowernetworks.co.uk/innovation
Completed. Principle of Access report
submitted to Ofgem on 28 December 2012.
The report was written in collaboration
between 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. The Principles of
Access report has been shared and
published and can be found in the FPP
learning zone on the UK Power
Networks innovation website:
www.ukpowernetworks.co.uk/innovation
 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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Table 7: Delivery Required in 2013
SDRC
9.3

Progress/Status
IP (Internet
protocol)
Communicatio
ns 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.

Completed. The project successfully
installed and commissioned an IP-based
communications solution across the FPP trial
area by 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.

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.

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 report has been shared with GB DNOs
and other key stakeholders. It is available in
the FPP learning zone on the UK Power
Networks innovation website:
www.ukpowernetworks.co.uk/innovation
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SDRC
9.8

Progress/Status
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*1 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. . It is available
in the FPP learning zone on the UK Power
Networks innovation website:
www.ukpowernetworks.co.uk/innovation

1

This was agreed under change request https://www.ofgem.gov.uk/ofgempublications/83108/sdrc9.4and9.8changesdecisionletter150813.pdf
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SDRC
9.4

Progress/Status
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. . It is available in the FPP
learning zone on the UK Power Networks
innovation website:
www.ukpowernetworks.co.uk/innovation
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.
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Table 8: Delivery Required in 2014
SDRC
9.5

9.6

Progress/Status
Strategic
Investment
Model

Implementatio
n of active
power flow
and voltage
management
within FPP
trial area

Criterion
Delivery of the FPP SIM 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 SIM development and build
phase.
 Recorded validation and test
results.
Delivery of the strategic network
investment model in a fully usable
and external issue format.
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

Activities associated with SDRC 9.5 are
progressing according to plan for
successful delivery by the end of
December 2014.
The project has now completed the
build phase and the results indicate the
approach and algorithm work
accordingly.

This is on schedule to be completed by
the end of December 2014.
The monitoring and simulation phases
of the ANM trial have been started in
order to provide trial results to
demonstrate how active power flow and
voltage management can be used to
dynamically manage the grid and
implement flexible connections.
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SDRC
9.7

Progress/Status
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.

SDRC 9.7 is on schedule to be completed
by the end of December 2014.
Since 1 March 2013 24 offers have been
delivered to different DG customers. These
offers have all been less expensive than the
original firm connections, representing
significant savings. Ten of these offers
have been accepted. The offers are not
only cheaper but require less complex
construction works and can be delivered
faster than the traditional solution with full
reinforcement works.
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7.

Learning outcomes and knowledge dissemination

This section will focus on the specific learning that has been captured, provide information on the internal
and external knowledge dissemination activities, as well as provide a summary of formal published
materials that are available relating to each of our key topic areas.
Set out in Table 9 is a summary demonstrating the project’s knowledge dissemination activities since the
start of the project; most of these activities/materials are available at the FPP learning zone on the UK
Power Networks innovation website: www.ukpowernetworks.co.uk/innovation
Table 9: FPP Knowledge dissemination activities
Activity
FPP learning reports generated and published
FPP learning events open to the industry
Published papers
National and international speaking slots
Internal dissemination/training activities
PR activity (press releases, articles, features)

Statistics since 2011
5
3
12
49
31
27

7.1 Main Learning Outcomes from this reporting period
7.1.1 Commissioning of flexible connections
The first customer commissioning day took place on 13 March 2014. The initial commissioning was
incomplete due to an issue between the communications the customer’s PV plant control system and UK
Power Networks ANM control equipment. Diagnostics and a return visit had to be arranged to resolve the
issue and complete commissioning. The following learning points have been generated and will be
implemented in future commissioning procedures.
 To minimise the possibility of any technical issues that could affect commissioning, where feasible,
bench testing of all interfaces should be carried out prior to final commissioning on site with the
generator’s control unit. Where bench testing is not possible, cold commissioning should be
undertaken prior to commissioning. This can be completed remotely, and could identify any potential
issues that could be fixed prior to the site commissioning day.
 To ensure any potential technical issues raised during the final commissioning day can be resolved
on the day, the DG customer’s control unit engineer needs to be present on site for the whole
commissioning day. This ensures any issues with their control equipment can be dealt with quickly
and preferably on the same day.
 There is the need to standardise communications protocol to be used for interfacing with the
generator’s control system. This can be achieved to a certain extent but as there are a large number
of different control systems that can be used, not all potential issues can be eliminated through
standardisation.
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7.1.2 The Quadrature-booster
During the delivery of the Quadrature-booster, it was identified that the polarity was in reverse to what was
expected during the initial modelling. Consequently additional testing was undertaken on site to verify the
operation of the Quadrature-booster and minor changes were made to the Quadrature-booster.
To ensure the polarity is as would be expected, in future deployments, factory acceptance tests should
include tests to simulate the network and verify the modelling results. Once verified the modelling could be
deemed suitable and future projects would then not require this additional testing, instead following
standard design processes.
Considerable effort was also required to develop a protection scheme suitable for application on the
distribution network, as all existing schemes were design for the transmission network. The scheme was
extensively tested with support from Alstom using their real time digital simulation system to confirm final
settings for the schemes. The final scheme meets all industry standards for transformers deployed at this
level, including the appropriate levels of main and back-up protection. Since its implementation there have
been no mal-operations and it has remained stable.
All key learning generated from the deployment and initial trials of the Quadrature-booster was shared at
the learning event held in February 2014 with more details in Section 7.3.
7.1.3 Commercial Arrangements
Customers are willing to accept curtailment levels over and above those that the project initially thought
would be acceptable.
As the FPP project comes towards its final six months, there have been over 24 connection offers to
customers; ten of these have been accepted. The projects include a range of renewable generation,
including PV arrays, wind farms, CHP and range in size from 10 MW to 0.25 MW. The curtailment estimates
for the projects in the March Grid quota have decreased during the life of the project as the diversity of
generators making up the quota changed; there is now a mix of PV, Wind and CHP, which changes the
likelihood of curtailment. Where the customers initially were receiving curtailment estimates of 5.33% (which
was acceptable to them), customers in the quota now have curtailment estimates as low as 2% curtailment
per year.
Additionally to this, a customer has accepted an FPP offer, with a curtailment estimate of 9.16%, this figure
is over the initial 6% that developers indicated that they would be willing to accept. This may be in part due
to the project already having been financed based on 100% utilisation of their generation by the current site,
but it was recently identified that they have the additional capacity to export some of their electricity and
therefore required an export agreement.
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7.1.4 Research Papers – Energy Policy Research Group Cambridge University
During this reporting period, Cambridge University have worked on three more papers addressing some of
the key questions that the FPP project has raised:
Distributed Generation: Opportunities for Distribution Network Operators
Aim: To evaluate the opportunities and challenges for DNOs when connecting DG onto the distribution
network, to quantify the most relevant benefits of facilitating earlier and greater quantities of DG related to
the DG incentives, losses reduction and network reinforcement deferral with a focus on the FPP trial from
UK Power Networks.
Conclusions: There are monetary benefits available to DNOs through the connection of DG under DPCR5.
These benefits are incentives for connecting DG to the distribution network prior to April 2015 and valid for
15 years from this date. The benefits are made up of the annual operation and maintenance allowance
(£1/kW) and the annual DG capacity (£1/kW).
There is a benefit to deferring the investment in reinforcing areas of the network, when the cost of the
network upgrade is partially or totally borne by the DNO. The benefit is reflected in the value of the
investment over time, therefore the cost of reinforcing the network today will be more that reinforcing the
network in the future. The longer the reinforcement can be avoided the lower the future value of
reinforcement (discounted cost).
Evaluation of procurement options for distributed generation resources by electric utilities
Aim: To evaluate the different mechanisms for the procurement of distributed generation resources by
electric utilities and to identify the best practice. To explore potential initiatives from DNOs (apart from those
based on national policies) that allow them to lead specific procurement processes with a focus on small
size distributed generation projects.
Conclusions: The success of an auction approach in California (Renewable Auction Mechanism – RAM)
indicates that auctioning DG capacity is potentially a more efficient and quicker way of connecting DG for
viable schemes. This promises an opportunity for the DNO to manage a more cost-efficient mechanism to
allow DG to connect to the distribution network and to accelerate the connection of DG.
DG Regulation and Trends: Evidence from three leading countries
Aim: To explore and analyse the experience of three leading countries (Germany, Denmark and Sweden) in
the deployment of DG and identify key lessons for the UK electricity market.
Conclusions: There is little consensus in relation to the treatment of reinforcement and connecting DG to
the distribution network over the countries studied (Germany, Denmark and Sweden). Germany do not
charge DG for reinforcement for the connection of DG onto the distribution network and place a priority on
connecting DG over conventional plant. This is reflected through higher electricity tariffs for customers in
Germany. Alternatively in Sweden, it is possible for the first DG plant to connect to an area requiring
reinforcement to be charged to whole cost of reinforcement for other generators to then free-ride to a
connection in the same area.
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An emphasis in Germany and Denmark has been placed upon allowing DG to participate in ancillary
services to support the wider electricity distribution and transmission networks. Whereas the financial
incentives offered to DG in Sweden are much more limited and subsidies are similar to Renewables
Obligation Certificates (ROCs).
The findings from the Cambridge University studies were disseminated and discussed at an event at
Cambridge University on 6 June 2014.

7.2 Internal communications and knowledge dissemination activities
The project has also attended internal wider team meetings and held specific meetings with the key
departments for Operational Telecoms, Infrastructure Planning and Network Operations, Asset
Management and Capital Programme. Holding and attending meetings with the various key departments
provides employees of all backgrounds and technical understanding both a good and detailed overview of
how UK Power Networks is making the transition to a low carbon future and developing and upgrading its
network fit for smart technologies. Furthermore, it is important to share with our colleagues how innovation
will play a key role in RIIO-ED1 price control period and that the progress and success of FPP is making
flexible connection offers part of regular business.
7.3 External communications and knowledge dissemination activities
FPP continues raising its profile through conferences and meetings as demonstrated in Table 10 below.
Table 10: FPP conferences and formal dissemination activities
Conferences and formal
dissemination activities
Flexible Plug and Play learning
event – P.0287
Flexible Plug and Play technical
tutorial – P.0352
Scottish Power bilateral knowledge
sharing regarding Connection
agreements and ANM
Developments in Power System
Protection 2014 (DPSP). Abstracts
accepted for oral and poster
sessions.

Main Messages/presentation title

Date

The installation of the first 33kV Quadrature-booster

February
2014
The installation of the first 33kV Quadrature-booster
February
2014
To discuss and share the knowledge FPP have generated April 2014
from the flexible connections and deploying ANM.
The Protection of a Quadrature-booster Connected on the April 2014
Distribution Network – paper submitted (P.0354) - Oral
An Investigation into Alternatives to Directional
Overcurrent Protection on Grid Transformers to Improve
the Network Capacity to Accommodate Reverse Power
Flow – paper submitted (P.0355) - Poster
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Conferences and formal
dissemination activities

Main Messages/presentation title

Date

University of Cambridge To disseminate and discuss the results of the studies
June 2014
Workshop on Distributed
performed by the University of Cambridge under the
Generation and Smart Connection context of the Flexible Plug and Play (FPP) project, a Low
Carbon Network (LCN) Fund initiative.
CIRED 2014
Flexible Plug and Play project: Key considerations for
June 2014
network wide roll out of Active Network Management for
distributed generation connections (P.0089)
Quadrature-booster event
On 26 February the project held an external Quadrature-booster learning dissemination event in London.
Over eighty people attend the day, which was divided into two sessions;
Morning session – Gave a general overview, describing the key drivers behind the first Quadraturebooster to be installed on to the distribution network, explaining how it works, how it was deployed how it
can release addition capacity and share some early test results.
Afternoon session – This was a technical tutorial, building on what was shared in the morning, describing
the modelling approach, the protection and control system, and the commissioning phase. Along with the
technical challenges faced and share how they were overcome.

The presenters at the Quadrature-booster learning event in March 2014
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To support the event the project produced a short video (P.0014) to provide an overview of a Quadraturebooster and how it was deployed. To support the video and provide further detail ’A guide to the
Quadrature-booster’ (P.0350) was produced for attendees to read and takeaway. Both of these can be
viewed at the FPP learning zone on the UK Power Networks innovation website:
www.ukpowernetworks.co.uk/innovation
7.4 Learning and Dissemination activities in the next reporting period
In the first six-monthly report to Ofgem in June 2012, the project issued the FPP Knowledge Dissemination
Roadmap, which is a plan to inform stakeholders what knowledge the project would share, how it would be
shared, with whom and at what stages. The FPP Knowledge Dissemination Roadmap is a live document
and has been updated during the project to provide the project team with more detail of dissemination
activities. The table below presents a view of the currently planned events for the final six months of the
project in terms of learning dissemination:
Table 11: Learning and Dissemination activities in the next reporting period
Conferences and formal
dissemination activities
UK Power Networks
CIGRE Paris

Main Messages

Date

External Learning event on Active Network Management Autumn 2014
ANM – Flexible Plug and Play Low Carbon Networks: an August 2014
open and scalable Active Network Management solution
for a faster and cheaper Distributed Generation
connections (P.0284)
Quadrature-booster – The Design, Manufacture and
Operation of a 33kV Quadrature Booster (P.0285)
Key findings of FPP

Low Carbon Network Fund
Conference 2014
Internal directorate road shows – This includes road shows in our south eastern region as
P.0356
the FPP connection offer will be integrated into our
business by Q2 2015.
UK Power Networks
FPP Final Learning event
IEEE SmartGridComm
Technical paper on Smart grid cyber security (P.0369)
TechCon Euro
Quadrature-booster trial results (P.0368)

October 2014
Q3 and Q4 2014

November 2014
November 2014
November 2014
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8.

Intellectual Property Rights (IPR)
During the current reporting period the following IPR (foreground or relevant foreground) has been
generated (January 2014 – June 2014):

Workstream
IPR description
A high level scheme design / approach has been developed for
DA
actively managing connections
P0350.Flexible Plug and Play: A Guide to the Quad-booster
WS7
P.0014.Quadrature-booster Video
WS7

IPR Owner
UK Power Networks /
Smarter Grid Solutions
UK Power Networks
UK Power Networks
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9.

Risk management

The FPP project has established a risk management process, as described in detail in the FPP Project
Handbook. Please see Appendix 1 for an extract of the risk management process. It allows for the
communication and escalation of key risks and issues within the project, and defines where decisions will be
made and how these will be communicated back to the workstream where the risk or issue has arisen.
Risks are reviewed weekly at workstream level and fortnightly at project level by the Project Board. Key
project risks are then escalated to the Project Steering Committee for review and approval of the mitigation
on a monthly basis.
Ref#

W/S

BID
R0001

WS1

Risk & Impact
Description
The Communications
platform may not meet
the smart applications'
performance
requirements leading
to system
incompatibilities and
unsatisfactory trial
results

BID Mitigation
The Communications
platform should be
subject to
performance testing
using smart devices
or simulators under
various operating
conditions.
Communications
requirements to be
defined at design
stage and suitable
Communications
technology chosen
for the purpose of the
trials. UK Power
Networks to agree
Service Level
Agreements for
Communications
platform.

Mitigation
(update)
See results in
Section 2.1.2

Status
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Ref#

W/S

BID
R0002

WS1

BID
R0003

WS1

BID
R0004

WS3

Risk & Impact
Description
Failure to secure
suitable mounting
positions/space for the
communications
equipment due to
limited space in UK
Power Networksowned premises or
assets e.g. poles –
leading to lengthy
negotiations with
property owners
resulting in programme
delays
Silver Spring Networks
may have to use an
unlicensed spectrum if
they are unable to get
a trial licence on time
leading to possible
adverse perception
from other project
stakeholders
Insufficient levels of
Renewable Generation
(RG) connecting –
Generators may not
want to participate (if
for example the project
interferes with their
normal operations)
during the FPP project
timescales leading to
failure to fully trial the
FPP in the planned
timescales

BID Mitigation

Mitigation
(update)
Suitable mounting
locations for the
communications
equipment, relays,
have been
identified at UK
Power Networks
Low Voltage (LV)
distribution pole
infrastructure. All
installs at LV
distribution poles
were completed.

Status

Establish whether
trial licenses would
be available by Q1
2012.

Silver Spring
Networks was
awarded an Ofcom
development
licence on 19
December 2012 for
the duration of the
project.

Closed

Engage with
generators as early
as possible to
understand the risks
and issues likely to
impact their
(generators) normal
operations in order to
actively
manage/mitigate
them

See Section 2.1.1
and Section 3.

Optimise design and
minimise mounting
positions/space
required.
Investigate
alternative options for
mounting such as a
third party provider.
Carry out detailed
site surveys early in
the project.

Closed
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Ref#

W/S

BID
R0005

DA

BID
R0006

PM

Risk & Impact
Description
Different vendor
protocols/
characteristics could
potentially compromise
the interoperability
trials which may cause
delays during system
integration and trials

BID Mitigation

Ensure that all
communications
application are based
on international
standards, and all
devices and systems
are tested and
certified to these
standards
Ensure that ALL
devices are subject
to testing in preproduction
environment
Project Partner(s)
Issue principles of
withdrawing their
collaboration and
participation in the FPP request official
project at a late stage
Letters of Intent from
leading to lengthy
Partners to reduce
programme delays to
probability of
institute their
partners withdrawing
replacement(s) and in
from the project
the worst case the
– Reduce
collapse of the FPP
dependency on
specific partners –
this is a vendor
agnostic project

Mitigation
(update)
Interoperability
tests have been
successfully
completed and all
certification
achieved.

Status

All contracts with
Partners have now
been completed
with clear technical
and commercial
scope. Relevant
exit clauses have
been incorporated
to ensure project
continuity in the
event of an early
withdrawal of one
of the parties.

Closed
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Ref#

W/S

BID
R0007

DA

Risk & Impact
Description
If actual MWh or hours
of DG operation
diverge (adversely)
significantly from
results within smart
grid application
feasibility assessment
then this may lead to
possible complaints
from generators.

BID Mitigation
Ensure that DG
developers are made
aware in advance
that the curtailment
assessment results
are based on
estimates and that
the actual levels of
curtailment are likely
to change year on
year. Data used in
studies should be as
accurate as possible
and assessment
methods agreed by
all stakeholders as
being suitable.
Develop suitable
commercial and legal
framework for
making such
connections offers.

Mitigation
Status
(update)
Technical Mitigation
unchanged – data
used in studies
should be as
accurate as
possible and
assumptions used
fully transparent.
In addition, the
project is working
closely with the DG
customers to
support them
through their due
diligence process
by providing
additional
information/analysis
and clarifications as
required. This will
ensure better
understanding of
the mechanics of
the curtailment and
increased
confidence in the
curtailment analysis
presented.
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Ref#

W/S

BID
R0008

PM

Risk & Impact
Description
Delays in resourcing
and
negotiation/drafting of
delivery contracts
could result in delays
in project delivery.

BID
R0009

WS03

Local Opposition to
Wind Energy
development
contributing to negative
publicity for UK Power
Networks within the
project area

BID
R0010

WS8

System integration
issues occurring due to
inadequate testing in
technical workstreams
(WS) leading to delays

BID Mitigation
The resourcing
process/production of
job descriptions and
contract drafting to
start pre-contract
award. UK Power
Networks to partly
resource project.
Contracting resource
has been allowed for
key roles.

UK Power Networks
will proactively
engage local
stakeholders and
promote the work the
project is doing
(looking at alternative
to reinforcement and
new lines/cables)
Ensure that the
deliverables from
each workstream are
appropriately tested
prior to system
integration activities
and allow sufficient
time to develop test
specifications and to
conduct the testing

Mitigation
(update)
The team is now
fully established,
most resources are
permanent UK
Power Networks
employees, but
where key skills are
not available
internally, interim
consultants have
been engaged.

Status

The resourcing
situation is being
monitored and
action will be taken
if necessary.
There has been no
local opposition to
date and therefore
no further action is
required.

High-level test plan
and detailed preproduction
environment
specification
currently being
developed. The
relevant activities
are being
incorporated into
the detailed project
plan. Extensive lab
and field testing
was carried out to
ensure no issues in
commissioning.

Closed
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13. Appendix
Appendix 1 – Risk Management
To support the FPP Risk Management process each risk is given a RAG Status to provide visual
representation and understanding of the risks current status. The RAG status is determined upon the
probability of the risk occurring and the consequences if the risk eventuates. Please see below for the
Probability and Consequence Table Calculator:
Probability and Consequence Table Calculator:
1
Rare
Minimal

Probability
Consequence

2
Unlikely
Minor

3
Possible
Moderate

4
Likely
Major

5
Almost certain
Catastrophic

Probability
1. Rare – May occur in exceptional circumstances - 0-10%
2. Unlikely – Uncommon but has been known to occur - 10-20%
3. possible – Could occur 20-75%
4. Likely – May occur 75%-90%
5. Almost certain – Expected to occur with a likelihood 90-100%
Consequence
1. Minimal
2. Minor
3. Moderate
4. Major
5. Catastrophic

Probability

Once a rating has been determined for the probability and consequences the RAG status (high, medium
and low) is calculated by multiplying the probability against the consequences, e.g. taking a probability of 4,
which is classified as likely, and multiplying this against a consequence of 2, which is classified as a
Moderate, would give you and overall risk rating of 8, which would be risk rated as a RAG status of GREEN
(Low)

5
4
3
2
1

5
4
3
2
1
1

10
8
6
4
2
2
Consequence

15
12
9
6
3
3

20
16
12
8
4
4

25
20
15
10
5
5
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