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1 Executive summary
The end to end commissioning of a battery Energy Storage System (ESS) at this scale has been a truly novel
experience for UK Power Networks. It has highlighted a number of challenges and learning points that will be
invaluable for ensuring future deployments on our own, or other operators’ networks, can be carried out more
efficiently, confidently and safely.
In going through the construction and installation process, the project learned the importance of robust logistical
planning, site facility and storage arrangements and ensuring good building access for the large volume of batteries
and other equipment that needed to be loaded into the building from a different level for maintaining progress on plan.
While the project has housed the storage system in a purpose-built building, for which there are some advantages such
as visual amenity, savings on auxiliary equipment and ease of maintenance, not all future deployments would
necessarily need to follow this same approach. Assessment has shown there to be no clear “best option” for housing
storage in a building or using a containerised solution, and so it is likely to be down to the specific requirements of
individual future sites that are likely to have a greater influence over the decision for a containerised or building housed
solution.
Despite a significant amount of civil and electrical works to house the storage in a purpose-built building, the end to end
construction and commissioning of the facility was relatively rapid, highlighting one of the advantages of such solutions
over traditional network reinforcement. The storage facility was installed and ready to support the network within
approximately 12 months of first breaking ground on site.
There are different challenges however, when compared to traditional assets, the most significant of which the project
experienced was the increased risk of commissioning and operational issues due to the more complex nature of a
storage system, and multiple sub-systems and control layers involved. During the Smarter Network Storage (SNS)
project’s commissioning and testing process, several system defects arose that have turned out to be relatively
persistent throughout the testing phases, and challenging to mitigate and identify root causes. Whilst issues such as
these can often be expected in first-of-a-kind scale demonstrations, in our particular case what has contributed to the
risk of these materialising was:




The scale of the system and hence challenges in carrying out off-site factory testing in a representative way
that could determine whether the combined electromagnetic emissions of the complete installation would be an
issue, or whether there may be any coupling effects;
The lack of any prior experience in integrating the particular sub-systems by S&C Electric, due to unexpected
supplier changes during the project; and
Installing such a system in a building raised above a flood plain, particularly the implications on earthing
design.

Key issues have involved the presence of high frequency circulating currents, errors in the communications between
inverters and battery controllers, and errors between the batteries and BMS units themselves as a result of EMC
interference and susceptibility across the different systems. These have had a significant impact in terms of delays to
realising the full power capability of the system. Fortunately they have not prevented the project from progressing
testing and initial trials for supporting the network through the winter peak demand period of 2014/5, and early
provision of commercial services.
These main issues have generated significant learning for both UK Power Networks and S&C Electric, that will aid
future project deployments in the UK and internationally. For example, for future building-based installations it is
worthwhile ensuring that the provision of earthing for high frequency currents is included in the design from the
beginning. EMC compatibility testing should also be thoroughly carried out using representative layouts, connections
and scales of equipment as close as possible to the ‘as-installed’ system.
The storage system has undergone an extensive period of testing, including formal testing to prove that it is capable of
performing beneficial wider system services, such as STOR. This has also provided valuable learning for the
Transmission System Operator about the nature of storage devices, and the SNS facility now represents the first
known battery storage facility to have been qualified and performing balancing services in the GB market. Although the
ESD has demonstrated Fast Frequency Response (FFR) functionality the pre-qualification with National Grid has been
postponed until the ESD can reliably supply full output power. This is, however, outside the scope of this SDRC.
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This process also highlighted important shortcomings in translating the ‘regular’ approach for testing the frequency
response of traditional spinning forms of generation to storage systems. The standard test approach that National Grid
expected to use involved the injection of an analogue frequency signal to force a response from the plant. The storage
system had no analogue ‘input’ into the frequency control loop as a result of the software-driven nature and digital
SCADA system that provides this control behaviour. Alternative test approaches were therefore needed, which have
been developed in the project and will be of value for future installations of this nature that wish to provide similar
system services.
Emphasis has been placed on ensuring that the storage system is accommodated into business-as-usual processes
and systems as far as possible to help ensure the storage is well understood throughout the key stakeholder groups,
confidence is built in the capability of the system in supporting the network, and operations and maintenance can be
carried out safely. This has involved a functional-based training programme to ensure key groups are given information
about how their roles interact with the storage, for example how they can operate, isolate, maintain or utilise the
storage for network benefit. While this was an important first step in ensuring confidence and acceptance of the
storage, it is not intended as the only interaction with key stakeholder groups and the project will continue to engage
and provide further support and materials to facilitate the transition from innovation trial to important network asset as
trials continue and further operational learning is gained.
Reflecting the fact that the storage is providing real network support at the Leighton Buzzard area, the asset has been
successfully incorporated into UK Power Networks’ asset management database, Ellipse. This has involved defining
new templates and data structures that adequately describe the storage and the key nameplate data, which are
suitable for re-use for any future ESS. In addition, suitable methodologies for the inspection and maintenance of the
storage system have been defined with the support of the manufacturers, and incorporated into Maintenance
Scheduled Tasks (MSTs) in Ellipse which set the frequency and nature of key activities to be carried out.
These initial steps in establishing the asset into business-as-usual processes and systems we believe will set up the
project well for the final transition towards the end of the overall SNS project period, providing an initial framework that
can be reflected upon and refined if needed once further operational experience has been gained from the remaining
trials.
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2 Introduction
2.1 Smarter Network Storage
Energy storage is a key source of flexibility that can help address some of the challenges associated with the transition
to a low-carbon electricity sector. Storage, as identified by the Smart Grid Forum, is one of the key smart interventions
likely to be required in the future smart grid. However, challenges in leveraging the full potential of storage on
distribution networks to benefit other industry segments, and a lack of efficient commercial models are currently
hampering the efficient and economic uptake of storage by the electricity sector.
The SNS project aims to carry out a range of technical and commercial innovation to tackle these challenges and
facilitate more efficient and economic adoption of storage. It is differentiated through the demonstration of storage
across multiple parts of the electricity system, outside the boundaries of the distribution network. By demonstrating this
multi-purpose application of 6MW/10MWh of energy storage at Leighton Buzzard primary substation, the project will
explore the capabilities and value in alternative revenue streams for storage, whilst deferring traditional network
reinforcement.
The knowledge and learning from the trials will provide the basis on which to assess and validate a number of different
business model structures for storage, such as DNO-owned and third-party owned storage facilities.
The project aims to provide the industry with a greater understanding and a detailed assessment of the business case
and full economics of energy storage, helping to reduce overall system investment costs, and accommodate increasing
levels of intermittent and inflexible low carbon generation. The project was awarded funding of £13.2 million by Ofgem,
under the Low Carbon Network Fund (LCNF) scheme in December 2012 and will last four years, from January 2013 to
December 2016.

2.2 Purpose of this report
This report provides a summary of the learning generated during the installation, commissioning, testing and early
operation of the Energy Storage Device (ESD) for the SNS project. This includes examples of the training materials
used and how the asset was incorporated into UK Power Networks’ asset management system in order to benefit
repeat installations and projects of a similar nature.
It describes how UK Power Networks has approached the implementation of appropriate asset management
methodologies for such an asset, and incorporated it into asset management systems alongside our traditional network
assets to ensure integration with business-as-usual processes.
This document forms one of two main documents that together provide the evidence required to demonstrate
completion of the fourth formal Successful Delivery Reward Criteria milestone (SDRC 9.4) for the project, the other
being a confidential report. The SDRC milestone is designed to show that the ESD has been commissioned, and that
the knowledge relating to the commissioning and operation has been captured and disseminated, and this document
forms the main learning report to be shared with stakeholders.
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3 Installing an Energy Storage Device
This section describes the construction and installation of the ESD at the Leighton Buzzard site. Details of the choice of
site and design development are previously published in the SDRC 9.1 report “Design and Planning Considerations”1.
More details on the progress of the construction are recorded in the project 6-monthly reports published on UK Power
Networks Innovation website2.

3.1 Building & installing the storage asset

Figure 1: The site in November 2013 (left) and later in December 2014 with landscaping and fencing (right)
Construction on Woodman Close, Leighton Buzzard, began on 4 November 2013 with the site clearance, preparation
of a working surface and site compound with welfare facilities for those working on site. Precast reinforce concrete
piles were installed and ground beams cast in situ to form the rest of the foundation structure. Once the foundations
were complete the steel superstructure of the building was brought to site and erected. As sections of the frame were
complete the pre-cast, pre-tensioned reinforced concrete slabs were lifted into place that form a key part of the load
bearing floor.

Figure 2: Photos showing the erection of the steel frame (13 February 2014) and the completion of the building
cladding (9 April 2014)

1

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/ProjectDocuments/SNS1.2_SDRC+9.1+-+Design+%26+Planning+Considerations+Report_v1.0.pdf
2
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/
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The frame was clad with Kingspan insulated panels with similar panels being used for the roof and the walls. Once the
building was watertight the internal floor slab was constructed. The reinforcement was set out and tied into the building
structure and the concrete was cast in a single pour on 31 March 2014. This enabled a smooth finish to be obtained
throughout the whole building. The edges of the floor were sealed with silicone sealant and plastic trim to form a bund
to ensure that in the unlikely event of any spillage of fluid or leakage from the transformers within the building this does
not escape into the ground or the adjacent watercourse Clipstone Brook.
The internal walls were erected and small power wiring, heating and lighting were installed to enable the building to be
handed over to S&C Electric on 15 May 2014.
The first battery deliveries from Samsung SDI arrived on 19 May 2014. These were the first of 14 shipping containers
of equipment from the Korean supplier. The DC bus-bars were hung from the high level structure of the building above
the position of each of the battery arrays. The battery rack frames were then positioned and bolted together and to the
floor before being populated with the battery trays themselves. The different cables, supports and ancillary equipment
were then installed, with the battery tray power cables left unconnected to the last possible stage in order to reduce the
safety risks involved in working around high voltages. Installation of the fire suppression system and heating, cooling
and ventilations system were ongoing during this time.
The PCSs arrived in sections on 31 July 2014 from the USA and re-assembly was completed on 6 August 2014. These
were then positioned with the transformers in the SNS building. Work then commenced on re-assembling them from
the shipping splits and connecting up the main and auxiliary cables.

Figure 3: Before and after of the area within Leighton Buzzard 33/11kV site with the local substation providing the site
auxiliary supplies. The new SNS building can be seen in the background.
Work commenced in earnest during June 2014 to connect the ESD into the local 11kV network. On 16 June 2014 new
11kV circuit breakers were delivered to extend the existing switchboard and enable the connection of the ESD. New
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auxiliary battery systems, automatic voltage control and Remote Terminal Unit (RTU) were installed to provide
additional capacity and functionality to connect the ESD. Two new, secure, flood protected 415V supplies were
provided from new distribution substations, powering both the existing Leighton Buzzard 33/11kV and new Leighton
Buzzard SNS sites. New security systems were also installed to protect both sites. The 11kV switchboard at Leighton
Buzzard SNS was energised on 12 September 2014.
End to end construction and installation of the facility was relatively rapid, highlighting one of the advantages of such
systems over traditional network reinforcement. The conventional reinforcement that this storage facility defers, would
be expected to take a minimum of approximately 48 months, assuming the large number of necessary consents across
the cable route could be secured. However, notwithstanding the commissioning issues described below, the storage
facility was installed and ready to support the network within approximately 11 months of first breaking ground on site.
This was preceded by a period of approximately 12 months obtaining planning permission for the site works, as
detailed in the SDRC 9.1 report3. The timeline, including key stages and milestones throughout the build and install is
summarised below in Figure 4.

3

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/ProjectDocuments/SNS1.2_SDRC+9.1+-+Design+%26+Planning+Considerations+Report_v1.0.pdf
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Figure 4: Storage Construction and Installation and Testing Timeline
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3.2 Lessons learnt from the construction and installation phase
Several lessons were learnt during the construction and installation of the ESD at Leighton Buzzard, three key lessons
are highlighted here.

3.2.1

Constructing a building for multiple future options

Upon initial preparations to position the battery racks in the new building late May/early June 2014 it became apparent
that the cast floor slab was not sufficiently flat for all the racks in an array to sit level. This was resolved by using steel
packing shims to sit underneath the rack frames to ensure they could be correctly installed and would be supported at
all points required. Detailed investigations revealed that although a few sections of the floor were outside design
tolerance (+/-3mm over 5m), even floor sections within the design tolerance were not sufficiently level.
The whole building floor was cast at once, to ensure a complete sealed surface. This ensured the maximum flexibility
for future expansion or alteration, providing additional options once load growth at Leighton Buzzard exceeds the
additional capacity provided by the ESD, particularly of the battery room where significant alteration would be required
to maximise the usage of the room. Using the same equipment the 6MW/10MWh ESD could be expanded to
8MW/18MWh in the same building. Tighter cast concrete floor tolerances such as +/-1mm will be required for future
installations, if that flexibility needs to be maintained. If there is no design requirement to be able to position equipment
differently in the future then an alternative option would be to install fixing rails for the equipment. This would ensure an
exact level can be maintained, but would make future changes in equipment position within the building significantly
more difficult.

Figure 5: When the first battery racks fixed together the variations in floor level were evident.

3.2.2

Coping with variations in level during installation

Due to the site specific constraints there was a significant difference in levels between the ground, the floor of a
container on a truck and the building loading bay. This presented a challenge to the efficient construction of the ESD
within the building, bearing in mind the batteries themselves came in 14 shipping containers with a total weight of
approximately 185 tonnes.
An intermediate level scaffold platform was designed and constructed, as shown in Figure 6. This allowed the
palletised equipment to be easily offloaded from the containers onto a scissor lift that could raise them to the level of
the building loading bay. This reduced the time taken to offload each container, reducing the overall project
programme, while ensuring employee safety in the process.
Although the constraints at Leighton Buzzard are quite specific it is likely that many installation locations would have to
overcome some difference in level, as such this idea may be beneficial in other situations. Depending on the duration
of the installation a permanent intermediate platform (or equivalent) may come at a comparable cost.
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Figure 6: Completed scaffold loading platform.

3.2.3

Ensuring efficient battery tray installation

Much consideration was given before the installation of the batteries in to how it might both be possible to install them
with the minimum effort but also the minimum manual handling risk. Each of the 3,168 battery trays weighs 48kg,
making them a minimum two man lifting operation. Given that number of repeat operations any opportunity to reduce
the time of each one would represent a significant saving.
S&C Electric and their installation contractor developed a frame that could be mounted on a small forklift and loaded
with several battery trays at a time. This allowed the batteries to be removed from their packaging at a safe working
level and inserted into the frame. The frame, shown in Error! Reference source not found., could be positioned
against the rack for the batteries and the trays easily slid into position.
When looking at how individual tray replacements could be made during the lifetime of the installation a customised
trolley was developed to enable the safe movement of a single tray with reduced manual handling risks.
It should be noted that during the procurement phase of the storage solution most proposals included a means of
easily replacing battery modules as part of the design and therefore we consider it to be generally well considered by
suppliers. The focus can then be on ensuring that the equipment layout and customer implementation ensure that
replacements can be made without significant health and safety risks.
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Figure 7: Frame for installing multiple battery trays and lifting trolley for individual battery tray replacements

3.3 Comparisons with containerised approaches
Having identified the need for flexible capacity to support the network at Leighton Buzzard, it was evident from the
outset of the SNS project that a containerised storage solution would not be acceptable to the Local Authority which
resulted in the ‘building-housed’ solution described above, and now installed. However, it is recognised that this
approach may not be required in all circumstances, for example for smaller storage installations, or more
industrial/remote locations where visual amenity is a lower priority.
Having chosen and implemented this approach, it is however of interest to compare the relative merits and
disadvantages of installing within a building versus a containerised solution:


Visual considerations and planning consents: As specifically demonstrated in the SNS project, one of the
main benefits of a building-housed solution is greater acceptance of such installations in more typical
distribution network locations, even within residential areas. The building-housed route provides for a wide
range of options for reducing the visual impact. Containerised solutions are likely to be most applicable in
areas where visual amenity is less important, such as industrial centres and remote network locations.
However in some cases containerised solutions could be considered “temporary structures” and therefore not
require such stringent planning approvals before construction.



Shipping and delivery: Contrary to what might be expected, containerised solutions do not necessarily result
in reduced or simplified shipping and delivery costs. Often containers cannot be shipped fully installed due to
weight restrictions, therefore a significant amount of ‘on site’ installation works is still necessary. More off-site
work is required to build the container so the lead time may be slightly longer. Building housed facilities need to
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give consideration to logistics and potential variations in level for offloading and installation, as described in
section 3.2.2.


Build on site: More significant construction requirements for the building housed option lead to a longer time
on site and greater requirement for site welfare facilities.



Balance of plant: Building housed solutions may offer more optimised solutions for auxiliary power supplies,
fire suppression and heating/cooling systems. The better environmental control available may enable longer
warranty periods from battery manufacturers. Containerised solutions are likely to create much duplication with
these systems, certainly on larger installations, but the physical segregation could be advantageous
considering EMC requirements or fire-breaks.



Operations and working environment: Building-housed options afford the possibility of improved layout to
improve accessibility and working conditions around equipment, for example by allowing more space for
replacing racks. Similarly, in a building it is possible to optimise space more efficiently through positioning of
equipment which potentially enables footprints to be smaller than for an equivalent containerised solution.
Containerised solutions typically provide a more uncomfortable working space for maintenance and
replacement operations; unless significant modifications to the container (such as removable sides) are made.
Although containerised solutions can allow for a tighter footprint at smaller scale; limitations on the minimum
spacing between containers may in some cases result in larger footprints than for a building-housed approach.



End of life and mobility: It is likely that only relatively small containerised units are likely to be immediately
removable, larger units are likely to require some battery removal to reduce the weight of the unit. Shipping
containers for regular transport use are subject to regular safety checks, these should be carried out on any
unit that is required to be moved after a period in one place. Although it would be more challenging to relocate
a building housed storage solution the modular nature of most systems would not make the decommissioning
particularly more complex. Buildings may also be repurposed which could mean some greater residual value in
the site over containerised sites.

From a cost perspective, in addition to the factors above, there is no clear “best option” for housing storage in a
building or using a containerised solution. It can be seen that the requirements of the site or installation such as
available space, planning requirements, duration storage required for, storage capacity required, etc are likely to have
a greater influence over the containerised/building housed question than a simple price comparison.

3.4 Building a software platform for energy storage
A key part of building and commissioning the ESD at Leighton Buzzard was the integration with existing software
systems and development of a new appropriate software platform for the storage device. More details on the software
system design are in the report SNS2.15 Logical Architecture Design Document4.
The software platforms for SNS complete technical architecture are split between multiple sites with the principal UK
Power Networks sites being the Leighton Buzzard sub-station, the Control Centre and the Data Centre. There are also
external connections from non-UK Power Networks systems for example to collect weather data and communicate with
Kiwi Power to deliver ancillary services.

4

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/SNS2.15Logical-Architecture-Design-Dec+2013.pdf
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Key:
BESDM: Battery Energy Storage Device Manager
BESSM: Battery Energy Storage System Manager
ESS: Energy Storage System
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KOMP: Kiwi Operation
Management Platform
SMS: Storage Management System

Met Office

FOSS
FOSS
database

FOSS Application

FOSS
WebServer

FOSS Client

FOSS MQ
Message Client

UKPN Project Office/
UKPN User /
Energy Provider User

ENMAC
ENMAC
HMI

ENMAC
FEP

PI

PI database

PI SCADA
Client

KOMP

PI Web
Server

Control Room

Local Network SCADA
Devices & RTU

ESS
BESSM

BESSM
SCADA

BESSM HMI

BESSM Control

BESSM MQ
Message Client

Control Room

SCADA
MessageQ

x6

Web Services
BESDM

SMS

Figure 8: High level technical architecture of the SNS project
The main architectural decisions made on the project have been centred on the communication requirements of the
battery management, or ESS. The primary driving requirement is that the ESS needs resilient, real-time communication
with the storage device hardware and real-time information about the state of and loading on the electricity network.
Therefore it needed to be sited at Leighton Buzzard to communicate with the storage hardware and the remote
terminal unit installed there. Additional communication requirements cover communication with the Forecasting,
Optimisation and Scheduling System (FOSS) and provision of access for partners to provide support.
To ensure UK Power Networks’ IT security requirements were met and to enable the communications required a new
Virtual Private Network Routing and Forwarding (VRF) to enable external communications via VPN tunnels over the
UK Power Networks corporate VRF and network data communications to the RTU, which is on a separate SCADA
VRF. This was seen to be more favourable and secure than the alternative (hosting the ESS on the SCADA VRF) and
was implemented in October 2014.
The technical architecture needs to support both the functional and non-functional requirements of the SOCS
applications. There are a significant number of non-functional requirements, such as the need for third parties to
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connect via remote access, auxiliary equipment and security monitoring at the Leighton Buzzard site, which need to be
included in the system telecommunication requirements.
The ESS comprises of the three main layers of control of the storage device, which are illustrated in Figure 8.




BESSM – Battery Energy Storage System Manager
BESDM – Battery Energy Storage Device Manager
SMS – Storage Management System (comprising Master Controllers and lower-level components) and String
BMS – the string level Battery Management System (see Figure 27: Hierarchy of system components)

The BESSM system ensures the functionality of the whole ESS and is responsible for the best usage of the system. It
was first run on site in November 2014 and is divided in two parts: BESSM Control and BESSM SCADA. The BESSM
SCADA component is responsible for the connection to the external SCADA control system and the RTU for receiving
the status and measurements of the network equipment, e.g. circuit breakers and current transducers. An HMI (Human
Machine Interface) is also provided for the SCADA system of BESSM. The existing, old-standard RTU was upgraded
to one that met current UK Power Networks standards during August 2014 which provided all communications between
the existing equipment on site at Leighton Buzzard and the UK Power Networks control centre. The view of the ESD on
the main Network Control Diagram is shown in Figure 9.

Figure 9: Representation of SNS on the network control diagram
The BESSM Control realises the scheduling interface to the FOSS and KiWi Operation Management Platform (KOMP).
These communications are over an IBM Enterprise Service Bus messaging system, which went live in February 2015.
It is responsible for accepting and validating schedules, scheduling service execution, mode realisation by active and
reactive power set point computation and dispatching the power set points in real time to the BESDMs.
The BESDM controls a logical Battery Energy Storage Device (BESD) comprising of one 1MW AC/DC inverter, two
500kW DC/DC choppers and two battery arrays (44 strings – the ESD structure is discussed in more detail in section
6.2). The state and power of the inverter and chopper are controlled via the SMS and the battery strings are controlled
by a Battery Management System (BMS). There is no direct communication between each of the 6x SMSs or each of
the 264x BMSs; this is all done via the BESDMs and BESSM Control systems.
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3.5 Lessons learnt from the software development
Several lessons were learnt during the commissioning of the software platforms for the ESD at Leighton Buzzard, three
key lessons are highlighted here.

3.5.1

Integrating with existing systems learning

One of the specific challenges was to integrate the new technology and interfaces with the existing equipment and
systems. Although a new RTU was installed, its operation started with a generic configuration. This was not able to
support the additional connection to the BESSM SCADA system so the manufacturer was consulted and an upgrade
installed to enable this functionality.
The difficulty of modifying this and other existing systems was underestimated both in terms of the technical complexity
but also in terms of the level of engagement required from the teams that manage these systems.

3.5.2

Messaging system learning

Messaging technology is a proven solution for integrating data exchange between multivendor IT solutions. However;
having limited experience within the project this provided a challenge to design, develop and test the messaging
interface across all systems. This led to a number of changes to be introduced during the testing phase of the project.
Message definition standards agreement is vital for the success of the ESB; but provides a good solution that allows
future implementations to potentially be integrated more easily. As long as messages can be understood and
interpreted, it allows future control systems, from different suppliers, to be integrated into the overall forecasting and
optimisation solution. A number of housekeeping rules had to be developed and implemented to avoid ESB queues
and logs getting full during the testing period.

3.5.3

Multipurpose application learning

As the SNS project is investigating the multipurpose application of storage, including running services or functions
coincidentally, it was decided to define a series of operating modes that allow a specific behaviour to be instructed from
the storage system to deliver a particular use case. These proved challenging to define such that all existing services
(and potential future services) could be delivered using a common set of modes.
This style of implementation may not necessarily be required for an ESD carrying out a single service; however we
believe these mode definitions and parameters that characterise them represent important learning from the project
that will be extremely valuable for informing future storage control system development.
These modes, now commissioned in the SNS system, were published in the report SNS2.15 Logical Architecture
Design Document5 and are summarised below in Table 1:

5

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/SNS2.15Logical-Architecture-Design-Dec+2013.pdf

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 16 of 51

Smarter Network Storage
SNS 1.12 Energy Storage as an Asset

Mode Name

Behaviour Description

Applicable Use-Cases

Direct Control – Set
Point Power

Execution of a number of pre-defined power
setpoints across any time range for real or
reactive power

Carrying out specific manual power
profiles of any shape.
Tolling6 service.

Direct Control – Set
Point Energy

Execution of a number of pre-defined energybased setpoints across any time range

Carrying out specific energy
import/export profiles or setting a
target state-of-charge in
preparation for services.

Automated Control –
Power Threshold

Automated real or reactive (or both) power
delivery in response to a given power threshold.
Different real/reactive/apparent power thresholds
can be given, and priority assigned differently to
real or reactive power.

Peak shaving, based on asset
rating limits.

Automated Control –
Frequency Threshold

Automated real or reactive power delivery in
response to system frequency. Different
deadbands, nominal power offsets, droop curves
and response speeds can be configured.

Dynamic frequency regulation.

Automated Control –
Voltage Threshold

Automated real or reactive power delivery in
response to local voltage. Different deadbands,
voltage droop curves and response levels can be
configured.

Voltage support, losses reduction.

Constant Power –
Externally Triggered

Delivery of a constant real or reactive power
response, in reaction to an externally sent trigger.
Power level, ramp rate and duration of delivery
can be configured.

Short term operating reserve.

Delivery of a constant real or reactive power
response, in reaction to a frequency trigger.
Different frequency threshold levels can be
Constant Power –
configured, with different associated levels of
Frequency triggered
power response in different directions, in addition
to configurable ramp rate and duration.
Table 1: Summary of SNS Control Modes

Static frequency response.

6

Tolling : A service involving the commercial handover of the storage to a third party company in return for a fixed fee. The ESD provides energy
based on a given energy delivery profile. In SNS, the service is offered to the Energy Supplier enabling them, for example, to engage in arbitrage in
the energy market or manage portfolio imbalance risk.
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4 Testing an Energy Storage Device
The testing of the ESD was planned and structured such that both the hardware and software systems would follow a
similar process and could then, when appropriate, be integrated and tested together. This is described in Figure 10.

Smarter Network Storage – Testing Life Cycle

System
Testing

Factory
Acceptance
Test (FAT)

Supplier
Site

System
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Figure 10: SNS testing lifecycle diagram
The term “commissioning” was often used, a verb which is defined as “(to) bring (something newly produced) into
working condition.” As such it is an appropriate term to cover the period up to the completion of the SAT tests, when a
subsystem or component is brought into operation. This meaning is used in this report, with particular reference to the
ESD. The test phases are summarised as follows:
Prior to delivering a product or solution to UK Power Networks, the suppliers of the products (software and hardware)
carried out testing within their own facilities and environments in accordance with their own standards and procedures.
Formal witnessed Factory Acceptance Testing (FAT) of the products was undertaken at the supplier’s facilities
against supplied test plans with defined exit criteria including success criteria and agreed acceptable numbers of
defects. UK Power Networks (or nominated third parties) assessed the products against functional requirements and
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approved the equipment and solution with formally recorded defects to be rectified by an agreed time. Formal Defect
Registers were shared between Suppliers and UK Power Networks.
Upon successful completion of FAT the products were shipped and installed in their final operating location or
environment. Once successfully deployed, System Acceptance Testing (SAT) commenced, covering both functional
and non-functional requirements, which were executed by UK Power Networks. This included the integration of subsystems building to the full system integration testing. System Integration Testing (SIT) confirmed that all interfaces
function as determined once installed within UK Power Networks sites/infrastructure. The primary focus was on the end
to end testing, including the ability to perform different functions that were required for the trials and ongoing use of the
system.
User Acceptance Testing (UAT), Non Functional Testing (NFT), Operational Acceptance Testing (OAT) ensure
that the non-functional system requirements are met and that business processes and operational procedures function
as expected. Cutover Process Testing (CP/CPT) is the final hand-over of the new product ensuring that all operational
requirements are met and all major defects are resolved.
Any changes to the system or components currently go through a process called Regression Testing to ensure that
no errors or problems have been introduced and existing unchanged areas of the application/service still function as
they did prior to the changes.

4.1 Testing and commissioning the ESD
The test plans for each testing stage were developed and agreed with the suppliers. As there are no specific standards
that cover ESDs, these test plans were developed from other standards. With hindsight it can be seen that there were
some gaps in the agreed tests, specifically the FAT. This is discussed further in section 4.2. For software testing FAT
and SAT used existing data sets from specific periods in the time to ensure consistent results for comparison.
Although a clear and distinctly phased test process was developed it soon became clear that some SAT scenarios
required elements of system integration before they could be closed. Thus we ended up merging a number of SIT test
with SAT objectives. Ideally complete separation would be available, certainly from a software development viewpoint,
as using a battery simulation with a non-production installation of BESSM would have allowed the SAT phase to be
completed and not impacting SIT.
For SIT, the objective was to use scenarios from the Trials phase of the SNS project and test a fully integrated end to
end solution. All SIT was envisaged to take place on site at Leighton Buzzard, using the commissioned infrastructure
however due to the number and severity of defects this was not always possible. The end to end functionality had to be
dissected into logical components and functions tested separately with the intention to join up the pieces as defects
were fixed. This meant regression testing had to be repeated more frequently than anticipated. The SIT plan had to be
merged with the SAT plan and vice-a-versa. A high level version was agreed with all the suppliers’ representatives,
including mapping the dependencies, and is shown in Figure 11.
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Figure 11: The high level commissioning (SAT) plan
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A number of tasks were planned to happen in parallel, although some had to happen sequentially. These were tracked
on a weekly basis and all defects identified during this commissioning process were recorded. Defects were
categorised into showstoppers, high, medium and low priority denoting the level of importance and criticality for the
resolution. Any defect deemed to be a “show stopper” had to be fixed before moving onto the next stage. In Figure 11
each colour in the boxes indicate different suppliers, thus the dependencies between two suppliers had to be managed
using agreed exit and entry criteria. One of the critical exit criteria for each task was for the supplier to demonstrate to
UK Power Networks that commissioning was successful.
Regular meetings to discuss progress and defects were established thus enabling all stakeholders to be aware of any
impact on dependent tasks and if an alternative solution was available to ensure progress could be made.
By far the biggest issue encountered and learning opportunity during the hardware testing came during the initial real
power testing of the batteries on 25 September 2014. Due to the time and logistic constraints it had not been possible
to bring the batteries and PCSs together for testing until the site installation (one is manufactured in Korea, the other in
the USA) and the project team were aware this presented an additional risk to the testing phase.
During the initial “real power” tests, significant problems were identified with the communications over a CAN-BUS link
between the Younicos BESDM Programmable Logic Controller (PLC) and the Samsung SDI battery rack BMSs. These
were the first tests to use the “DC chopper” side of the PCSs and to charge/discharge the batteries. This affected all
the battery arrays to varying degrees and resulted in the inability to run any further testing.
Following some initial investigations and mitigation attempts an Electro Magnetic Compatibility (EMC) expert from TUV
SUD, was brought in on 6 October 2014 to carry out detailed testing, assessment and to provide recommendations.
Obtaining sufficient measurements was challenging, since disrupted battery communications with the BESDMs
repeatedly tripped-off the ESD, which then required resetting.

Figure 12: TUV-SUD EMI assessment test position 1
Initial recommendations from TUV SUD included adding additional EM shielding and containment as well as changing
the cabling used for the CAN-BUS to screened cables (it transpired that the original cables supplied by Samsung SDI
were not screened). Implementing these changes during late October and early November 2014, along with some
software updates to improve error rejection and resilience, allowed testing of the ESD to resume. The first 4MW power
transfers were on 7 November 2014 and 6MW power transfers on 24 November 2014. The completion of
commissioning (SAT) for the ESD followed shortly after, although it was noted that there were several defects requiring
rectification.
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Figure 13: Screenshot from the UK Power Networks control system and extract from network measurements database
showing the first 6MW power transfers
At the completion of commissioning it was observed that there were some significant circulating currents in the
installation, particularly when both 1MW halves of a PCS were in operation. This was discovered because it was
observed that certain elements of the cable support structures were increasing in temperature, where no current should
have been flowing. This is discussed further in Section 4.2.2. This was investigated during January 2015 and additional
earth conductor was installed during February 2015.
There was significant instability of the CAN-BUS communications system with some failures being identified as the restarting of the string BMS controller, seemingly made worse by the earthing improvements. This led to further
investigations of the 24V auxiliary power supplies in February 2015. It was shown that although the supply voltage was
steady there were significant “spikes” while the main power inverters were running. A high impedance connection was
identified in early March 2015 between one of the power supply rails and ground. Removing this caused further
instability of the system with reliable operation only with 4MW of the total 6MW capability.
Measurements of the 24V auxiliary supply while in operation showed that although the +ve to –ve voltage was very
steady, both rails were moving with respect to ground between -280V and +320V. The “spikes” above occur when each
rail moves differently with respect to ground. Further testing carried out by the equipment manufacturers showed that
this was being caused by harmonics or noise oscillations of the main DC bus connecting the inverters to the batteries.
These oscillations were being coupled through the battery components; most likely the string BMS and tray controllers.
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Figure 14: Graph showing 24V DC supply voltages relative to each other and to ground
It was discovered that the removal of EMC suppression capacitors from the AC section of the PCS reduced the
magnitude of the harmonics and noise oscillations on the DC side of the PCS. It was also identified that there was
interaction between the two 1MW halves of the PCS and batteries connected to either side. As such operation with
only half (1MW) of each PCS connected was entirely stable.
It was recommended by TUV-SUD and by Newcastle University (who provided additional support in this matter) that
filtering be installed on the DC side of the PCS units, even though the noise carried on the DC link is potentially within
limits. S&C Electric did not recommend implementing this advice in the absence of additional information. S&C
considered the potential risks to be unacceptably high without:
1. A clear understanding of the root-cause of the problem, beyond direct-cause symptoms such as disrupted
CANbus communications; and,
2. Considering the impact on site-specific earth-fault detection circuitry, resistance grounding of neutral to earth,
and EMC filters already in-place by changing the ac-side system earth referencing to DC-side earth
referencing through the suggested DC filters.
At time of writing this report, investigations are ongoing as to the best and most cost effective solution is to enable the
full operation of each PCS without re-introducing any of the defects resolved above.
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4.2 Lessons learnt from the storage testing
4.2.1

Harmonics and EMC learning

In parallel with the TUV-SUD EMI testing, investigations into the components involved were carried out. It was
confirmed they were all CE marked stating tested compliance with the EMC directive and the factory test reports were
reviewed. It was clear that although samples of the equipment installed had passed the tests these were not
representative of the “as installed” situation.
There is clearly a challenge where a PCS, a “box” which has the explicit purpose of “chopping” a smooth DC signal and
a smooth 50Hz sine wave at several kilohertz, has to ensure that the high frequencies generated are “not visible” to
equipment outside the box. When done at the scale of 2MW per unit even highly suppressed high frequency
components are in the range of volts and tens of volts rather than millivolts, and stray currents in the range of amps or
tens of amps. Similarly, the DC cable runs and capacitance of the battery stacks themselves provide non-negligible
interactions with these high frequency components.
As no standards existed for the testing of battery ESDs the closest applicable standards for the PCSs were used:
Uninterruptable Power Supplies (UPSs). 1MW of one PCS was tested as a Category C3 UPS, which requires
conducted emissions to be tested on the AC side and radiated emissions to be tested. IEC 62040-2 deems the DC
connections to be internal to the UPS and so not subject to test; however the site test shows that the conducted
emissions on the DC main power cables are within the limits set for the AC connections as shown in Figure 15.

Figure 15: Results of TUV-SUD conducted emissions test on BA5 BS10 DC power cable “P-”
For reference IEC 62040-2 does require the connections to be wired as per the manufacturer’s instructions, which
would imply that the full 2MW PCS should have been tested with cable connections as per the site installation.
Arguably the installation would better have been classed as a Category C4 UPS with specific testing agreed between
supplier and customer; however UK Power Networks did not specify this at contract time or FAT. IEC 62040-2 does
state: “The effect of conducted interference on the d.c. port may, however, cause radiated interference … provided that
the UPS … when set-up as described in this clause, complies with the radiated requirements”. The measured radiated
emissions were noticeably and in places significantly above the specified limits. It is interesting to note that although
IEC 62040-2 and indeed 61000-6-4 set emissions criteria from 0Hz to 400GHz, test criteria are only provided for
electric disturbances above 150kHz, with only magnetic field emissions tests having criteria below 150kHz. There are
requirements for lower frequency conducted emissions of harmonics into the public LV network in IEC 61000-3-4;
however this would not apply to the DC link being discussed here. It should be noted that at time of specification UK
Power Networks were not aware of the depth of these potential issues and only required harmonics testing on the AC
connections at the FAT for the PCS.
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As the conducted emissions on the DC link were measured to be within limits (as stated above) perhaps the focus of
discussion should move to the susceptibility (or immunity) of the receiving equipment; the Samsung SDI batteries and
battery management circuitry. There are requirements for immunity to conducted disturbances between 15Hz and
150kHz in IEC 61000-4-16 (frequencies up to 400GHz are specified in IEC 61000-6-2 and others) although due to its
operating voltage the DC link in this installation would have to be defined as a special case according to this standard
with specific requirements. The testing carried out to demonstrate EMC compliance on the Samsung SDI battery
system was carried out on a single string switchgear unit with a single battery tray connected. This did not include
compliance with IEC 61000-4-16 as it was not tested against this standard. It is also not clear whether any testing on a
single battery string controller and battery tray would be sufficient to identify potential issues, as they are not indicative
of the “as installed” situation.
A clear learning point is that if at all possible, components of a system should be brought together and tested before
being taken to site. This is often impractical, in particular for installations of this scale. It is also clear that additional or
improved standards (or at least guidance on the special case parameters for existing standards) are required to ensure
that equipment for use in ESDs is sufficiently tested off-site. There is work ongoing in IEC TC1207, specifically working
group two with the scope: “To define Unit parameters and Testing methods to assure the system capability and
performance of Electrical Energy Storage Systems (EESS)” although it is uncertain whether this would address the
specific issues identified here. As many of these issues arise from system integration there may also to be benefits
from standards or guidance defining a voluntary specification for the interfaces between ESD components, including
limits on conducted and radiated emissions. This might include information to be shared for modelling or assessment
purposes such as switching frequencies and system electrical properties, e.g.: capacitance/inductance.
It is also appropriate to say that this area is far more complex than originally envisaged and that UK Power Networks
would have benefited from seeking additional expert advice at the specification, design and testing stages which is a
learning point for future implementations.

4.2.2

Circulating current learning

Current flow was discovered at approximately 35kHz, a harmonic of the switching frequency of the power inverters and
choppers, particularly when both halves of a PCS were in operation. What was not anticipated was that at this
frequency skin effect has a significant effect, and so points that were both solidly earthed together were measured to
have touch potentials of 45V to 50V. This high frequency current was also inducing circulating currents in the surface of
the metal tray-work supporting the earth cables, as shown in Figure 16, causing an increase in temperature in the
metal.

7

http://www.iec.ch/dyn/www/f?p=103:7:0::::FSP_ORG_ID:9463
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Figure 16: Thermal image showing temperature differential caused by induction heating in a cable support
The building housing the ESD at Leighton Buzzard is a steel frame structure raised off the ground above the site
potential flood level. The building earth system was designed for a 50Hz AC system and agreed with S&C Electric, who
designed the connections from their equipment to the building earth system. Based on measurements of the circulating
current flow taken during investigations in January 2015 the optimum size for the equipment earth conductor was
calculated. This additional earth conductor was installed during February 2015 between the equipment and the building
earth system and additional building earths were installed to provide as short as possible a route for the current flow to
ground. It is unlikely that this issue would have occurred had the equipment installation been at ground level as the
earth conductor installation would have been significantly different.
For future installations it is necessary to ensure that the provision of earthing for high frequency currents is included in
the design from the beginning. Close engagement between building designers and equipment suppliers to ensure that
conductors are installed not only of sufficient size but also sufficient surface area is required.

Figure 17: Upgraded earth connections to the PCS
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4.2.3

Network data measurement and communications learning

There were two aspects around which learning was generated relating to the measurement of network data by the RTU
and the communication of this to BESSM, enabling the response of the ESD.
The first follows on from section 3.5.1 where difficulties developing the interface between BESSM and the RTU were
described; constructing a test environment to de-risk the testing on the live network was also difficult. This involved
additional remote access into UK Power Networks IT systems for Younicos to test connections from their development
installation of BESSM SCADA to a test RTU in a UK Power Networks office. The alignment and functionality of the 190
digital and analogue data points could then be tested on the test installation.
Due to the architecture of the UK Power Networks control system it was not possible to test these data points directly in
the test environment, so many were not tested from the RTU to the control system until the SAT phase. This identified
defects specifically in the analogue scaling where there was an offset between the control system values and the RTU
values. Had the control system been available in the earlier tests these defects would have been eliminated. The UK
Power Networks default practice involves changes made on the control system being then rolled down to the RTU. To
do this in reverse (essentially configure the RTU first) effectively doubled the work involved.
The second relates to the speed of network data being transmitted between systems. BESSM required a high volume
of data about the status and loading of the Leighton Buzzard 33/11kV substation specifically to perform the peak
shaving service. This data was already available to the RTU on site for transmission to the network control system. In
order to minimise project cost, and because it was not possible to duplicate some of these data points, it was decided
to use the RTU on site to communicate this data to BESSM.
Some of the network data is used by BESSM to form closed loop control with its power output – specifically the power
realised at the meter position for the ESD and the total load on the Leighton Buzzard 33/11kV substation. The RTU had
been designed to transmit data for monitoring purposes to the control system, as such speed of response was not a
key design parameter. This led to a lag of one second or more between the ESD output changing and the response
being available to BESSM. This is the limiting factor on the response time of the ESD in some situations.
Awareness of these issues from the start of the project would have meant that the appropriate time and cost could be
included in the project planning, even if the issues could not be eliminated. With hindsight additional measurement
equipment may have been installed for the time critical network data items to ensure that optimum response is
realised. A significant increase of speed of data availability should be easily achievable which would result in faster
response and smoother output from the ESD.

4.2.4

ESS control system cycle timing learning

In order to manage and optimise state of charge amongst batteries, the control system continually assesses the
optimum combination of BESDMs to use to provide the requested level of power export (or import). It will use a smaller
number of BESDMs at any time operating at a higher power output as this reduces switching losses, and switch or
handover between different BESDMs to ensure the State of Charge (SoC) remains balanced. During the handover
between individual BESDMs units, there are occasionally short delays in the fast ramping up and ramping down of
power from these units, due to the cycle time of each system (BESDM and SMS) and the communications link between
them. Depending on the timing of these ramps, these very short delays can lead to a situation where the first unit
ramps down before the second has ramped up, or where the second unit has ramped up before the first has fully
ramped down.
This causes some minor and short-term (~1MW for ~1sec) fluctuations in overall power delivery at the point of common
coupling, as shown in Figure 18. Any problems here have been exacerbated by the interference on the CAN-BUS
communications system described in section 4.2 and some minor problems with the MODBUS link between the
BESDMs and the PCSs. Solutions were available to optimise the communications links to speed up the data transfer
between the BESDM and SMS systems which reduced the time period of each fluctuation and to introduce a slower
ramp in the power handover which would reduce the magnitude of the fluctuation. It was not deemed possible to
eliminate them altogether however as there is no synchronisation in the system architecture at the SMS level in this
installation. This is likely to occur (to some extent) in any ESD without synchronisation at the level of the inverter
controllers and has been an important learning point for the system supplier. Due to their low magnitude and short
duration, these fluctuations are not deemed to have a significant impact on the distribution network, nor were they
counted by the system operator National Grid as evidence of non-delivery.
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Figure 18: Graph showing the fluctuations in the ESD power waveform

4.2.5

Battery string protection learning

During the design phase of the project the battery manufacturer, Samsung SDI, requested to reduce the rating of the
protection fuses installed in each of the battery strings. This held several potential advantages but primarily it would
ensure that any fault causing current flow from a battery string would be isolated more quickly, improving safety. This
was reviewed and recommended by S&C Electric and approved by UK Power Networks.
It became evident during the testing that multiple “false tripping” events were occurring so the situation was
investigated. The review of the fuse rating change had not taken into consideration the fact that the DC side capacitors
in the Power Conversion System were charged from the batteries, causing a significant inrush current. S&C Electric
calculated that with a minimum of five battery strings connected the current draw from each would not be sufficiently
large to cause the fuses to blow. The control system operation was updated by Younicos accordingly. S&C Electric are
investigating a change to their product design allowing these capacitors to be charged from the AC side, which would
eliminate the issue entirely.
The key learning taken from this is that when integrating systems from different suppliers there are many details that
need to be taken into account, and detailed knowledge of the design and operation of all the systems is required to do
this successfully.
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5 Operating an Energy Storage Device
This part of the SDRC is intended to describe how the storage has been integrated into the wider business, and our
approach to training relevant internal stakeholders in the operation and use of the storage.

5.1 Approach to staff training
Training of key staff is crucial to ensure a good understanding of the system is provided and to ensure that the storage
is used safely, cost effectively and maintained in the correct way.
The approach taken was to identify core stakeholder groups, with distinct training needs, and then map this to a range
of training themes that could be delivered. The main stakeholder groups identified at this stage of the project were:


Network Control – This group includes control engineers, who monitor the real time operation of the network
and assets from UK Power Networks’ 24/7 control room. A control engineer requires training to best
understand how to operate and use storage in order to manage certain network situations, how to respond to
alarms from the storage, and how to remotely isolate the system by disconnecting from the network in
emergency situations.



Network Operations – This group includes field engineers that would perform local switching of the network,
including re-configuration to allow the storage to better support the network post-fault. In addition this team
may the first-responders to the storage site in response to certain alarms, as well as the future inspection and
maintenance of the asset on a business-as-usual basis. This group therefore requires a good understanding of
the physical asset, site layout, safety risks and how to isolate and maintain it.



Outage Planning – This group carries out risk and network assessments in order to schedule appropriate
outages for sections of the network, for example to accommodate maintenance, repairs or customer
connections. This group requires training to understand how they may be able to use storage in a certain
location to support an outage, and how this needs to be scheduled alongside or prior to any commercial
services that might be carried out.



Commercial/Flexibility Managers – This group is covers the stakeholder(s) who would be responsible for
managing the commercial operations of the storage system, such as operation in alternative markets, the
interaction with the local network requirements and the costs/benefits involved. They are responsible for
approving and committing to various commercial services, assessing their impact on the network and ensuring
the optimised operation of the asset. Important to note is that historically there is no such role within a typical
DNO to carry out this sort of function, although the use of DSR (which involves a commercial mechanism to
support the operation of the network) may increasingly require similar such roles that combine both a
commercial and technical evaluation of flexibility to support the network. In particular in SNS, this group
requires training on the FOSS that is used to assess, plan and schedule commercial services alongside
network support needs.

A number of training packages, covering various targeted themes were then designed and mapped to the relevant
stakeholder groups to identify which training themes should be delivered, as shown in Table 2. The safety and
operational training packages are available for download from UK Power Networks’ Innovation website8.

8

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/
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Network Control

Network
Operations

Outage
Planning

Commercial/
Flexibility
Managers

General Overview and
Storage Technology









Manual Control – Use of
Control platforms (ENMAC &
BESSM)



Key Audiences ->
Training Themes

Isolation Procedures



Health & Safety - Site
Emergency Response



Inspection & Maintenance



Network Service Scheduling







Commercial Service
Scheduling
Table 2: Training themes and Stakeholder Groups




In addition to the training carried out above, further internal dissemination and training is planned to be carried out
across other stakeholder areas in later stages of the project, for example with infrastructure planning teams. This group
will, in the future, be considering storage alongside DSR and other solutions during the planning & design of future
network investment schemes, and therefore it is important that there is confidence and understanding in the use of
storage amongst this group.
During the operational phase of the project, we will therefore be looking to use the SNS trials to demonstrate the
storage capabilities and aim to increase the confidence in the use of storage to support the network. In particular, the
use of storage to support security of supply, which is the main network application at Leighton Buzzard, has already
begun to be tested and evaluated and is the topic for an upcoming learning report, SDRC 9.6, in January 2016.
Although still classed as under trial, the SNS storage facility is already being considered by UK Power Networks in
terms of contribution to current future capacity planning and assessments of customer load connections. Additional
demand requests have been made in the Leighton Buzzard area which may otherwise require the need for full
conventional reinforcement of the local network. Although still at an early stage of discussion, it is currently planned for
the storage to be used as intended to provide firm peak demand support which will enable UK Power Networks to
reduce the initial costs, and improve timescales of this customer connection. This further highlights the importance of
ensuring good training around the operation and maintenance of the storage system is carried out during the LCNF
SNS project.

5.2 Operating procedures and training materials
The ESD at Leighton Buzzard is novel (and potentially unique) and as such is not covered by any existing UK Power
Networks manuals or guidance documents. Field staff and Network Control need to know what to do to ensure safety is
maintained when they are on site or controlling the equipment remotely. To that end an Engineering Operating
Standard (EOS) was produced that provides guidance and information on the operation of the ESD.
The EOS was designed to complement and reference existing procedures including the Distribution Safety Rules
(DSRs) and to provide two specific types of guidance:
1. General roles, responsibilities and requirements when working on ESDs on UK Power Networks’ network.
2. Site specific details for the Leighton Buzzard installation.
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This separation is intended to simplify the addition of further ESDs onto the network in the future, whether to similar or
significantly different designs. The general roles are detailed here along with some elements of the site specific details.
The full document can be provided to other GB DNOs on request.

5.2.1

General roles and responsibilities

All staff who visit the ESD and operate it remotely need to comply with the approved procedures and the DSRs and
only work within their level of Authorisation.
To avoid any potential confusion it was required to clearly state that Network Control is responsible for operations of
the whole of the ESD. The charge and discharge of the unit are primarily automatically controlled, or may be manually
controlled by Network Control or the Battery Manager, a new role.
The Battery Manager is responsible for the commercial operation of the ESD. This includes overseeing the schedules
created by FOSS, approving and administering the relationship with project partners around the commercial terms
used for specific services. They require a good understanding of both the technical capabilities of the ESD and
commercial arrangements in place for its operation.
This role includes the remote operation of LV AC and DC circuit breakers and contactors through the BESSM interface.
As this can only take place when these are set in a closed position by a sufficiently Authorised Person it is not
required for the Battery Manager to be LV Authorised. When manual operations are carried out locally or remotely by
the Battery Manager they take responsibility for agreeing actions with Network Control.

5.2.2

Operational processes

In normal operation the ESD will be in automatic control, monitoring the network conditions and running a schedule
issued from the FOSS system. Figure 19 shows the processes normally to be followed in the event that it is required to
change this state. As can be seen these are specific to the Leighton Buzzard ESD, although with minor changes they
could apply generally.
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Process overview for different tasks with the Leighton Buzzard Energy Storage Device

Battery error / failure

Emergency network
support

Emergency outages

Planned Maintenance
(including RTU)
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Agree outage with
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who will record in
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required

Do work
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return ESD to
service

Resume scheduled
operation

Send someone to
site to investigate
Network Control
Switch out from
ENMAC

Contact S&C or
look at BESSM
for more info

Network Control
take control
through ENMAC

Use ENMAC manual
set-point control to
drive ESD

Notify Battery
Manager of reason
for outage

Restore ESD (or part
there-of) to service
when possible

Return ESD to
BESSM control once
incident over
Contact Battery
Manager informing
of reason for outage

Network Control
take control on
BESSM

String should have
automatically
isolated in BESSM

Check BESSM for
failure information

Resume scheduled
operation

Use BESSM manual
set-point control to
drive ESD

Resume scheduled
operation

Return ESD to
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Repair /
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required?

Contact S&C or
Battery Manager to
investigate

Arrange date with
S&C

Return ESD to
service

Isolate string / array
as detailed in
procedure – do
work required

Replace / repair as
required and reenergise

Figure 19: Flowchart providing an overview of the ESD operational processes
The EOS document details specific processes to be followed to implement manual control or to De-energise, Isolate or
Earth specific sections of the ESD. The document describes clearly to any operator that the batteries themselves
cannot be de-energised or earthed, that they will always retain some charge. The requirement when using
measurement devices with separate AC and DC modes to remember to change to the DC mode is also emphasised.
For easy reference a single sheet summary was produced and appended to the EOS document which identifies all the
key locations and controls on site with reminders for the process steps. This, along with the rest of the document, is
clearly visible and accessible on site as well as being available in UK Power Networks document management system.
An ‘online’ version has also been created in the form of a wiki, that can be accessed from anywhere with a UK Power
Networks corporate IT connection which is intended to provide an easily accessible and up to date reference for those
with connected field devices, such as tablets and laptops.

5.2.3

Status information descriptions

A key element of the EOS document is to help users understand remote messaging from the device and systems. As
the ESD is both a novel device and required to support the network at Leighton Buzzard it is designed with a very high
level of monitoring. As far as possible, alarm relays are remotely resettable to allow for quick resolution of transient
alarms, enabling the return to service of the ESD (where possible).
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An “urgency level” is also included to allow a responding Control Engineer to prioritise their actions at busy times.
“Urgent” alarms should be dealt with as soon as possible as there is immediate network or health and safety risk.
“Non-urgent” alarms may be dealt with the following working day or when an emergency situation recedes, as there is
no immediate risk but action will be required. Table 3 gives some examples of the content included.
Indication or alarm
text

Description

BESSM control state

This indicates who/what is in control of the ESD:
0: Maintenance – BESSM is in maintenance mode, contact site / Battery Manager for current activities
1: Manual control ENMAC – the ESD is being controlled by a person via the network control system
2: Manual control BESSM HMI – the ESD is being controlled by a person through the BESSM battery
management interface
3: Automatic control (FOSS) – the ESD is under automatic, scheduled control (normal state)

BESSM operational
state 1

This indicates the current operating state of the ESD:
0: Off – BESSM is disabled and offline, potentially due to a fault. All BESDMs are disconnected
1: Idle – BESSM is operational and online, BESDMs are connected, no power is provided
2: Running – BESSM is operational and online, BESDMs are connected, power is provided
3: Test – BESSM is in test mode, contact site/Battery Manager for current activities

Fire alarm battery
room Hydrogen
detected

Urgent alarm, ensure ESD is OFF, contact S&C GSMC (Global Support & Monitoring Centre) and
send someone to site immediately. Inform Battery Manager when possible. Consider contacting
Security to use cameras on site to inspect situation. Alarm reset via BESSM, this should inhibit the
system, manual-restart required.
Hydrogen detected in battery room – flammable gas given off if batteries are severely distressed.
Indicates batteries are damaged and fire is likely.

PCS Tx room cooling
fail

Non-urgent alarm – system operation can continue but monitor for temperature alarms.
Contact S&C GSMC/local cluster for maintenance/repair. Inform Battery Manager if services
interrupted.

Table 3: Examples of alarm, trip and indication signals from the ESD and associated systems to the network control
system

5.2.4

Training materials

The training delivered in the early stages of the project has been through classroom training delivered using
presentations and discussion followed up with on-site familiarisation and demonstration of the Human-Machine
Interfaces. The presentations, broken into themes as discussed in Section 5.1, follow through the same steps as the
EOS document, creating a consistent message to the users of the ESD.
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Figure 20: Slide from the “Introduction” training module showing the battery room components and numbering
To assist in locating each piece of equipment in the ESD physically and electrically small versions of the SNS building
layout and high level electrical schematic have been used in both the EOS document and the training slides. Examples
of both are shown in Figure 20 and Figure 21.

Figure 21: Slide from the “Isolation Procedures” training module showing the isolation procedure for the battery strings
As UK Power Networks moves to using portable electronic devices to provide information to field staff the project team
plan to produce a series of training videos showing the different tasks involving the ESD. This can provide an “on the
spot” refresher to anyone who might be required to visit site for any reason.

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 34 of 51

Smarter Network Storage
SNS 1.12 Energy Storage as an Asset
5.3 Initial learning from operating the ESD
Despite the challenges encountered during the commissioning process and learning points discussed above, most of
the potential use cases of the ESD at Leighton Buzzard have successfully been trialled and useful learning has been
generated. Figure 22 shows an example of the ESD carrying out peak shaving on 7 March 2015. The site single circuit
rating limit was set artificially low to test the functionality and the ESD was instructed to ensure that the load was limited
even though both 33kV circuits coming into the site were in service. Due to the typical coincidence of the site demand
peak with national system peak demand this export is coincident with higher energy spot prices. As long as a suitable
recharge time can be chosen this activity is highly unlikely to be punitive in terms of the cost of energy exchanged.

Figure 22: Graph showing the ESD performing peak shaving at Leighton Buzzard
The graph in Figure 22 shows active power used for peak shaving. The ESD can also provide reactive power support,
or a mixture of active and reactive power, with an emphasis on either one. As reactive power can be provided
indefinitely a mixed active/reactive response (correcting site power factor and providing active power to meet demand)
can significantly increase the energy available to shave network peaks. That said, the active power demand at
Leighton Buzzard is much greater than the reactive power demand.
It should be noted that as the constraint for peak shaving is the rating of the overhead line circuits and there are losses
generated in these the constraint is specifically at the supply end of these lines, at Sundon Grid. It may be beneficial to
set a negative reactive power threshold based on the Leighton Buzzard end loading to account for these losses but this
is the subject of ongoing trials.
Figure 23 shows the ESD operating in the Automated Control – Frequency Threshold mode to provide Dynamic Firm
Frequency Response (DFFR) on 25 March 2015. This mode drives the ESD in response to the measured grid
frequency following an agreed profile, known as frequency droop characteristic. The profile includes a central deadband between 49.95Hz and 50.05Hz with a linear response outside that range to full power output. (It is shown in the
figure that when the grid frequency is between 49.5-50.5Hz, the storage remains idle). The storage system is ideally
suited to performing this service as, once the frequency change is detected, it can transition from zero output to full
power response in as little as 100ms, which means it can deliver a more significant stabilising effect to the system than
a traditional generator which takes some time to ramp up to full output. At scale, this could allow National Grid to
procure a smaller volume of MW response from ESDs, compared to that needed from spinning plant.
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Figure 23: Graph showing DFFR operation of the ESD

5.4 National Grid ancillary service pre-registration
The participation of an asset in the ancillary services programs that are procured by National Grid requires prequalification testing in order to obtain approval from the procurer to enrol the asset to each ancillary services program.
Successful pre-qualification testing is followed by a recommendation report from National Grid’s Generator Compliance
Technical team (who witness the tests) to their commercial team which in turn completes the contract with the service
provider and enables access to each ancillary services program.
The ancillary services programmes that SNS is scheduled to participate in are the commercial or Firm Frequency
Response (FFR) and the Short Term Operating Reserve (STOR) services. This participation is enabled via the
aggregator company, and project partner, KiWi Power.
A number of tests have been designed by National Grid and are contained in the Grid Code9 with the aim to test the
ability of traditional power plants to provide support and services to the transmission system operator and qualify them
for the provision of services. The tests that are contained in Operating Code Number 5, section A.3.6 are typically used
to test frequency response. These tests were agreed to be used for testing the ability of the ESD, and essentially verify
its capability to provide frequency response.
Conversely, there are no pre-defined tests for verifying the ability of a power plant to provide reserve services in the
form of STOR. National Grid’s generator compliance team designed a number of tests to be used in order to verify the
ability of the storage system to provide reserve. These tests were mainly focused on proving the capacity of the ESS,
the stability in power delivery over a 2-hour time period for a minimum output of 3MW (that is the minimum requirement
for STOR), and the resilience of the ESS in delivering a STOR service irrespectively of changes to the grid frequency.
Testing on site for compliance was scheduled for 4 December 2014, but later re-scheduled for 5 March 2015 due to the
commissioning defects that arose described in Section 4. In the interim, the device provided cover for 72 half hours (on
24 days) where the Leighton Buzzard loading was above firm, although no N-1 outages occurred requiring dispatch.
The device also successfully hit one of the TRIADs periods.

9

See Operating Code number 5, Testing and Monitoring, http://www2.nationalgrid.com/UK/Industry-information/Electricity-codes/Grid-code/TheGrid-code/
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5.4.1

Reserve (STOR) Tests

The particular tests that were conducted for this programme aimed to test the import and export capacity as well as the
stability in power output:
- Test 1: STOR export capacity test: in this test the ESD was instructed to follow a STOR mode and in effect
discharge (i.e. export energy) with 3MW for 2 hours (Figure 24, top graph), which is the minimum requirement
from National Grid to participate in the STOR market. During the test (specifically between 4140 and 4280
seconds, (Figure 24, bottom graph), frequency injections were simulated from BESSM software to prove that
the storage system would not be sensitive to frequency deviations during provisions of reserve.

Figure 24: STOR Export Capacity test results, as measured by National Grid’s monitoring equipment
-

Test 2: STOR import capacity test: in this test the ESD was instructed to charge (i.e. import energy) with
3MW for 2 hours (Figure 25, top graph), to verify its capacity and recharging time. During the test (specifically
between 4140 and 4280 seconds, (Figure 25, bottom graph), frequency injections were simulated from
BESSM software to prove that the storage system would not be sensitive to frequency deviations during
provisions of reserve.
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Figure 25: STOR Import Capacity test results, as measured by National Grid’s monitoring equipment
Evidence of the short-duration spikes and dips in power output can be observed on the test plots, as a result of the
control communication cycling issues described in Section 4.2.4.
However, the STOR import and export tests proved that while the ESS is in STOR delivery mode, the delivery is not
affected by grid frequency and despite the power toggling experienced, described in section 4.2.4, the performance in
both import and export tests was deemed acceptable with less than 1% difference in energy delivered over the energy
expected. It should be particularly noted that the performance measure in operational STOR delivery is the realised
export energy over the expected export energy. Under-delivery is penalised when an agreed tolerance is exceeded
while over-delivery is not penalised. In the particular export test realised for SNS, an over-delivery of 0.3% was
achieved. The performance indicators for both import and export tests are shown in Table 4.
Test

Import

Export

Energy Expected (kWh)

6000

6000

Energy Realised (kWh)

5959.42

6017.25

Difference (kWh and %)

40.57kWh-0.7%

17.25kWh-0.3%

Within Delivery
Tolerance (10%)
Table 4: STOR tests performance indicators

Yes

Yes
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The STOR tests were therefore successfully completed and this enabled the committed participation of the ESS into
the STOR market for Season 1 of 2015 (1 April 2015 to 27 April 2015) via Kiwi Power’s contract with National Grid. A
number of further tests with KiWi Power were required to verify the correct operation of the interfaces between the
ESS’ control system and KiWi Power’s system (KOMP) used to:
 Send automatic start and stop signals from KiWi Power’s system to the ESS’ control system
 Send measurement values for the ESS output to enable the reporting to National Grid, the evaluation of
service delivery performance and billing
The interface tests were successfully completed on the 24 of March 2015 and the ESS was enrolled to the STOR
contract with a starting date 1 April 2015. As far as is known, this is the first time a battery ESD has provided balancing
services in the UK and therefore represents a significant milestone for the SNS project.

5.4.2

Response (FFR) Tests

It was not possible to complete the formal FFR tests at the same time as the STOR tests, due to the unavailability of
the full system capacity stemming from the issues described in Section 4. However, some informal tests were still
completed in order to support National Grid in refining an appropriate test approach for the response testing of a
storage system which had not previously been carried out.
This was necessary as it was evident that there were shortcomings in translating the existing tests and approach for
‘traditional’ spinning forms of generation to storage systems. The standard test approach that National Grid expected to
use involved the injection of an analogue frequency signal to force a response from the storage plant. While this is
appropriate for spinning generation, the storage system had no analogue ‘input’ into the frequency control loop as a
result of the software-driven nature and digital SCADA system that provides this control behaviour. The SNS system
measures and utilises frequency solely on the digital control system (BESSM) side, and translates this to appropriate
set points to drive the storage output according to the active control mode. As a result there initially was no possible
way for the digitally created input frequency profile to be measured at the ‘output’ of the physical network connection
point by a monitoring transducer, meaning National Grid could not record the time lag between frequency change and
output response.
Alternative test approaches were therefore needed, which have been developed in the project and will be of value for
future installations of this nature that wish to provide similar system services
One alternative was to simply use the digital simulated frequency profile and data from the BESSM system, rather than
measured output data. There was however some concern as to whether the measurement data lag via the RTU would
be too much, that would cause an apparent test failure even if the test criteria had in reality been met. This has been
discussed further in section 4.2.3 and it was confirmed that this would not be acceptable anyway to prove compliance
with the FFR tests.
The second alternative was to use a short initial period of actual system frequency data to synchronise the timestamps
between the digital SCADA system and the analogue measured output data before switching the control system over
to the simulated frequency profile.
This was carried out with some success, and Figure 26 shows a high level diagram of the testing environment used for
these pre-qualification tests. In the first instance, all tests were performed using instructions in software (i.e. from the
BESSM);
1. Grid frequency was measured from both BESSM (via the Meinberg Lantime equipment’s connection to the LV
supply) and National Grid’s monitoring system to acquire data and synchronise frequency measurements in
the post-testing evaluation. The ESS was allowed to respond to actual grid frequency.
2. The frequency response tests (from the Grid Code) were pre-programmed in the BESSM system and the
frequency input in BESSM was switched to respond to the pre-programmed injections.
3. Both the BESSM system and the National Grid’s monitoring equipment recorded the power output from the
Point of Common Coupling (PCC).
However, subsequent analysis of the data highlighted that different sampling times on the digital BESSM system side
and the analogue ‘output’ side made it challenging to confirm with certainty the exact response times of the system. It
was therefore decided to look at refining the approach further for subsequent formal tests.
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In order to avoid this ambiguity in measurement delay an alternative solution has therefore been designed using an
external frequency injection device that was both pre-programmable and could interface with both the digital control
system and analogue monitoring at the output side. This would be connected as shown by the orange lines in Figure
26 when the prequalification tests are repeated.
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Figure 26: High level diagram of the National Grid testing environment
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6 Managing an Energy Storage Device as an Electricity Distribution Network
Asset
6.1 Introduction to UK Power Networks systems
All newly introduced assets in the UK Power Networks’ network must be documented in order to ensure an up to date
overview of the system’s assets is maintained. In order to accomplish this, UK Power Networks uses an Asset
Management System (Ellipse) operated by the Asset Management directorate. Ellipse is an asset and work
management system which acts as a comprehensive asset register of the assets on the network, scheduling all
inspection and maintenance activity required and recording all work activity performed on them. Asset condition is
recorded in the database based on the results of inspections. The database generates maintenance scheduled tasks
(MST) for required activities.
Although batteries are widely used across the distribution networks, for example in back up power and protection
systems, and are routinely registered within Ellipse, ESDs for direct network-support purposes, and particularly at the
scale of SNS, are relatively new assets for DNOs. Such systems have therefore not yet been incorporated into our
Asset Management systems, so it was important for the project to explore how such systems may best be represented
and accommodated. This will ensure future installations can be incorporated and managed into business as usual
more effectively.
For UK Power Networks previous energy storage installation at Hemsby in Norfolk, this approach was not required due
to the small-scale nature and limited duration for which the asset was to remain on the network (this facility will be
decommissioned in summer 2015). However in this case of the SNS project, the energy storage is providing real
network support, providing immediate direct benefit to customers, and is therefore planned to remain on the UK Power
Networks network beyond the finish of the LCNF SNS project.
After the end of the project it will continue to provide business as usual (BaU) operational support and therefore it is
important to ensure that appropriate business processes are followed, and a smooth handover of the project from the
Future Networks team to the Asset Management directorate at the end of the two year project. The following sections
explain more about the process we used and specifically the issues met during the registration process of the SNS
facility.

6.2 Asset registration approach
A simplified description of the process of asset registration is as follows:
1.
2.
3.
4.
5.
6.
7.
8.

Site commissioning
Retrieve appropriate “blank” forms from Ellipse for all assets
Complete the forms
Send forms to the Asset Registration Team (ART)
ART put the data in the online database
Ellipse creates asset condition indexes for the assets
Ellipse sets schedules for inspection and maintenance
When a job (either inspection or maintenance) must be carried, the appropriate instruction and process are
visible on the handheld devices of employees on site.

After the commissioning of a new site, a registration form has to be completed for all different assets within a site.
These forms are then sent to the ART team who are responsible for checking that they are correctly completed, and
then registering the assets to the Ellipse database. In the case of the SNS ESD there are a large number of individual
assets that comprise the full system that needed to be recorded.
Some of these assets were the first of their kind to be introduced onto the system, and therefore new asset registration
“blank” forms had to be created that would contain the required fields to input all the information. Other assets were
more typical, such as the range of civil assets involved, including for example the fences, compounds and doors within
the site, as well as auxiliary equipment such as transformers, fire suppression systems and auxiliary equipment. These
are already widely recorded and managed by the Ellipse system as for other more typical substation sites.
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An initial implementation design choice during the process was the registration of the battery assets, and what level of
granularity of the asset it was appropriate to record onto the asset management system.
To illustrate, there are 50,688 different battery cells within the full installation, however the smallest asset unit UK
Power Networks will expect to handle and operate is a battery tray which contains 16 cells. Still there are 3,168 battery
trays in the system. Registering all assets at that size would mean completing 3,168 forms and records, upon
registration and each time inspections are required, which was deemed not practical and so unsuitable as an approach
for such an installation. The next unit is a string, which contains 12 trays. The whole system contains 264 strings, which
is still a relatively high amount of assets. 22 battery strings form a battery array, and the system has 12 battery arrays.
This hierarchy of sub-systems and terminology is illustrated further in Figure 27.

Array

Strings

Battery Trays
Cells

Figure 27: Hierarchy of system components
As such the choice was made to register the batteries in the form of arrays and attach the serial numbers of the battery
trays included in each array. This reduced the amount of forms and database records required to 12, but still allowed
the full detail of all batteries to be included.
The summary high-level structure of component parts registered in the asset management system is shown in Figure
28.
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Figure 28: Structure of ESD components recorded in the asset database

6.3 Equipment details recorded
New forms were created for the battery trays and the power conversion systems, based on existing asset templates for
battery and charger systems as are typically in operation on the network. They included attributes new to the system
and attributes used in former different kind of assets, and were intended to allow the registration of different types of
storage technologies in the future. The table below has a brief description of the key attributes identified and used to
describe the assets.
BATTERY TRAYS
ATTRIBUTE NAME

ATTRIBUTE DESCRIPTION

Comments

BATCAP

Battery Capacity (Amp-Hours)

Capacity of the battery

BATCELLTYPE

Type of Battery Cell

Technology employed, eg: Lithium Ion

BATFUNCT

Battery Function

What the battery is used for, eg:
protection or Energy Storage Device

BATMDL

Battery Manufacturer Type/Model

BATMFR

Battery Manufacturer

BATNOCELLS

Number of Cells or Blocks

Number of cells in a single recorded asset

BATVOLT

Battery Voltage (V)

Battery nominal voltage when fully
charged

BATMINTEMP

Battery minimum operating temp (°C)

Optimum temperature range for operation,

BATMAXTEMP

Battery maximum operating temp (°C)

for warranty purposes

CHARGVOLT

Charger Output (V)

Voltage used for charging, or float voltage

CHARGERATE

Charge Rate (A)

(Maximum)

BATYEARMANUF

Battery Year Of Manufacture

STANDINGLOAD

Standing Load (Amps)

The standing load on an installed battery
system (if relevant)

MDL

Manufacturers Type/Model

For an integrated charger (if relevant)

MFR

Manufacturers Name

For an integrated charger (if relevant)

YEARMANUF

Year Manufactured

For an integrated charger (if relevant)

Serial Number
SERIALNO
Table 5: Details recorded in the asset database for the ESD batteries
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POWER CONVERSION SYSTEMS
ATTRIBUTE NAME

Attribute Description

Comments

MDL

Manufacturers Type/Model

MFR

Manufacturers Name

NOPHASES

Number of Phases

There have been 1ph1 phase systems
used in smaller installations

INSULATION

Insulation Medium

Eg: air / SF6 / etc

LINECURRENT

Line Current (Amps)

VECTORGRP

Vector Group

WEIGHT

Total Weight (kg)

YEARMANUF

Year Manufactured

SERIALNO

Serial Number

AUXSVOLTS

Auxiliary Supply Voltage

INVREALPOWER

Invertor Real Power (MW)

INVAPPPOWER

Invertor Apparent Power (MVA)

INVPOWERFACT

Invertor Power Factor

OPTEMPRANGE

Operating Temp. Range (°C)

OPVOLTSAC

AC side Operating Voltage (V)

OPVOLTSDC

DC side Operating Voltage (V)

CONTCURRENTA

AC side Cont Rated Current (A)

Voltage of any auxiliary supply required
by the unit, also whether it is AC or DC.

This is typically a range

DC side Cont Rated Current (A)
CONTCURRENTD
Table 6: Details recorded in the asset database for the Power Conversion Systems

6.4 Inspection & Maintenance
Maintenance and Inspection is carried out to ensure all statutory obligations are met, maximise the life and reliability of
the plant, thus ensuring the safety of operators and the public and minimising the disruption to customer's supplies
which arise from faults on the network.. The frequency of inspection and maintenance is set by UK Power Networks
Engineering Maintenance Standards (EMS)10. These form a chain of documents that ensure a common and consistent
approach to the Inspection and Maintenance life cycle of various asset sets. In this case the relevant asset set
document is “EMS 10-0005 Inspection and Maintenance of Batteries and Chargers”.
While a new suite of documents could have been created for the storage system, in this case the existing asset set
document for batteries (as used for back-up and protection applications); “EMS 10-0005 Inspection and Maintenance
of Batteries and Chargers”; was deemed suitable, with some modifications.

10

EMS 10-001 Maintenance and Inspection Overview, EMS 10-0002 Inspection and Maintenance Frequency Schedule, EMS 10-005 Inspection and
Maintenance of Batteries and Chargers.
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Figure 29: Overview of UK Power Networks’ inspection and maintenance policy documents
With the introduction of the Lithium Ion battery assets as part of the SNS installation, the relevant engineering
documents were amended to include this as a new category and set the above mentioned frequencies for this
application. When a new asset is introduced to the database, based on the type of asset, it is linked to a maintenance
schedule task. These contain information on the activities that need to be carried during an asset’s inspection and
maintenance. New maintenance schedule tasks also had to be created for the new kind assets introduced to the
system.
For the changes to the engineering documents and the creation of the new MSTs the manufacturers’ manuals and
recommendations were used. For the first two years of the project lifecycle the tasks of inspection and maintenance
are contracted to the manufacturers, however it is important for UK Power Networks to monitor the process for
verification and learning purposes. After each inspection and maintenance a report will be produced and sent to UK
Power Networks which will then be logged to the Ellipse system according to the business standards. A cost analysis
will be done to decide which choice is better from a financial perspective; to keep outsourcing these tasks or to train UK
Power Networks employees to be able to carry them out internally.
Guidance on carrying out inspection and maintenance of the batteries was created using the manufacturer manuals
and involves the following specific activities:
1. Temperature checks – Calibration of the built-in temperature sensor, if mal-operation is suspected using
thermal imaging cameras to check for hotspots that could indicate mechanical and/or electrical failures or
unwanted leakage and circulating currents
2. Battery information log (historical data) retrieval – Archiving of the cycling and duty carried out by the storage
system, which can be used to identify expected degradation
3. Visual inspection – Visual checks for signs of wear and tear, loose connections, electrolyte leakage or
damaged cells
4. Battery cycling – State Of Health (SOH) calibration. This is important to ensure that a reasonably accurate
indication of the condition of each battery cell can be estimated. See below for further details on this activity.
5. Battery cycling – Self Balancing (when required). This is important to ensure that cells amongst the whole
system are maintained within close voltage ranges to optimise the power available from the system. When
voltages become significantly imbalanced between cells it can lead to unwanted internal power flows that
reduce the efficiency and lifetime of the installation. This can take up to one day.
6. Battery function check – check readings of voltage and temperature, open/close DC contactors and confirm
response signals and confirm accuracy of 24V auxiliary supply. This verifies readings are received for different
monitoring systems.
Guidance on maintenance of the PCS units refers users to the manufactures manual that includes a checklist for the
specified annual maintenance. This includes: visual inspection, checking tightness of connections, confirming auxiliary
voltages and checking of the local HMI computer.
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6.5 Remote Monitoring
As for most ‘smart network solutions’, remote monitoring has proved to be an important factor in the success of testing
and operating the overall SNS system. The need for remote monitoring was identified in the initial system design
phases and was implemented in the form of several different remote monitoring links as illustrated in Figure 30.
The primary remote monitoring installed is for the UK Power Networks control engineers to monitor the ESD on the
network 24 hours a day. This is available through the network control system and through remote access into BESSM.
This also allows the SNS project team, taking the role of the Battery Manager, to manage the charge and discharge of
the battery, carry out trials and analyse data more effectively.
The remote support links, illustrated in the purple communications paths 1), 2) and 3) below, have been instrumental in
ensuring commissioning and testing can progress efficiently even when there are multiple technology suppliers in
different countries involved, which is highly likely to be the case in many storage systems.
Link 1) from Belfast-based AMT-SYBEX to the FOSS system has ensured that AMT-SYBEX has been able to install
releases, perform testing and troubleshoot defects of the FOSS platform remotely on the UK Power Networks’ system
IT infrastructure which has served to ensure more efficient deployment and testing of the solution.
Link 2) from Berlin-based Younicos to the BESSM control system at Leighton Buzzard has allowed software engineers
to remotely manage BESSM, install new releases and support testing and site investigations without needing to travel
to site. This has been critical in ensuring pre-trial testing and initial trials to continue, despite ongoing defects relating to
the communications between sub-systems, by allowing individual battery arrays to be monitored and re-connected
following spurious communications errors or disconnection. It has also allowed detailed data logs from the batteries
and controllers to be exported and provided to S&C Electric and Samsung SDI to support their troubleshooting and
investigations.
Link 3) from Franklin, USA-based S&C Electric to the PCS Master Control Rack HMI at Leighton Buzzard has allowed
the remote Product Engineering and Quality teams to analyse communications logs and the operation of the inverters
on site which has supported analysis and root cause analysis of the system defects. This has been important in
supporting the UK-based engineering teams in testing and implementing mitigations.
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Figure 30: SOCS Conceptual Communications Diagram
For longer term operation of the system, these support links are also likely to be important for aiding the resolution of
issues that arise during the lifetime of the system by connecting the network operator’s control rooms and field
engineers to the helpdesks and first-line support centres of the technology suppliers. It is recommended that the
capabilities and enduring commercial arrangements with these support centres are considered during the procurement
of future storage systems by storage operators.
Suppliers, such as S&C Electric and Younicos, who manage and maintain these remote support centres are set to
gather large volumes of data relating to the operation of their installed storage systems, making them well placed to
better understand the degradation and operational characteristics of their systems and more quickly identify and
resolve common issues in the future.

6.6 Battery calibration routines
The overall battery management system for the SNS solution estimates and maintains two parameters that describe
the current state and overall condition of the storage:
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6.6.1

State of Charge (SoC)

The SoC estimates how much energy capacity is available in the system, based on the SoC of each battery cell,
ranging from 100% (full) to 0% (empty). A percentage range is provided, which reflects the fact that the available
energy from the system at a point in time may be different to the ‘nameplate’ rating, for example if a number of trays
are removed for maintenance, or if there has been significant degradation in the available capacity.
There are a number of methods for online estimation of state of charge11; however it is important to note that all of
these methods are estimates, rather than exact measurements and tend to be proprietary algorithms, tuned to a
specific storage technology or chemistry. The estimations can be affected, for example, by temperature, ageing, and
the current flowing from the cells. It is therefore not unusual to observe the SoC varying during operation of the storage
system while it is periodically recalculated. This was also previously reported by Northern Powergrid, who experienced
that the reported SoC estimate in their installed systems contained a reasonably significant error when high discharge
currents were flowing12.
This means the quality and accuracy of SoC measurements is likely to vary between storage solutions using different
battery management systems. The SoC is however an important metric for determining the extent to which short-term
applications can be carried out, and how they can be optimised; hence an accurate SoC is important in order for the
value of storage to be truly maximised, particularly when storage is being used in multiple commercial service
applications such as SNS.
In addition, for some methods of SoC estimation, it is necessary to frequently reset to a suitable reference point to
maintain accuracy in SoC estimation and so regular calibration is needed to prevent drift between the estimated and
actual SoC. This calibration could potentially last for several hours and in some cases is recommended by
manufacturers as often as weekly. For example as published by Western Power Distribution, a calibration cycle of
approximately 12 hours was recommended weekly13 on their smaller-scale battery storage system.
At this sort of level, this could have a significant impact on the available ‘uptime’ of a storage system providing critical
network support or commercial services under any business model. Any calibration required essentially leads to a
reduction in the ‘useful’ availability time of a storage system in providing network or commercial services, assuming
that the calibration routine cannot be employed to simultaneously provide a certain application indirectly.
The project has carried out some simple sensitivity analysis to demonstrate the effect that onerous storage system
calibration routines could have on a baseline business case for storage, assuming that calibration is carried out outside
of the periods of network support. This is summarised in Table 7, which shows the effect on modelled revenues from
commercial services of calibration routines with increasing frequency and duration; with a baseline of 4 hour cycles on
a 6-monthly basis (as required for the SNS facility).
Duration of Calibration (hours)
Calibration Frequency

4

8

12

Weekly

3%

6%

10%

Monthly

<1%

1.4%

2%

Quarterly

<1%

<1%

<1%

[base case]

<1%

<1%

Six-Monthly

<1%
0%
<1%
Annually
Table 7: Reductions in earned revenues for different calibration cycles, based on 10 year NPVs14

11

http://chargedevs.com/features/the-challenges-of-battery-state-of-charge-measurements/
http://www.networkrevolution.co.uk/wp-content/uploads/2014/12/CLNR-Trial-Analysis-EES2-Autonomous-Powerflow.pdf
13
LP75 - http://www.westernpowerinnovation.co.uk/Document-library/2014/SDRC-Report-Initial-FALCON-trials-learning-Dec-201.aspx
14
SNS Project internal analysis
12
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As illustrated above, quarterly or even monthly calibration cycles have a limited effect on revenue earning potential,
reducing estimated revenues by just approximately 2% over a 10 year period. Once calibration frequencies increase to
a weekly level, the effect is more significant and can reduce the potential commercial service revenues by up to 10%.
A key learning point for the procurement of future storage systems would therefore be to specifically request from the
storage supplier details of any recommended calibration routines necessary for their storage technology, so that the
impact on the business case and the opportunity cost of any intended applications can be considered.
We also believe that advanced and accurate SoC estimation algorithms are likely to have greater importance placed
upon them in future, and may even become a key differentiator for storage control software providers.
For the particular BESSM storage control platform implemented in SNS, the state of charge estimation is carried out
based on an advanced current integration/voltage measurement method. Calibration specifically for the SoC is not
necessary for the SNS installation, and instead takes the form of a single calibration cycle for the State of Health (SoH)
(see below).

6.6.2

State of Health (SoH)

SoH is a measure of the condition of an individual battery cell and its remaining life that is aggregated to provide a view
of the overall health of the system. Typically the cell would start at 100% SoH at point of manufacture, and degrade
according to certain calendar life and cycle life characteristics.
The SoH can be used to determine when a cell has reached its end of useful life, or whether it may be degrading faster
than other cells. Importantly however there is no particular industry consensus or standard on how the metric should be
determined for battery storage systems15, and end of life may be defined very differently for different applications. As
with SoC therefore, different storage management software providers are likely to use different, proprietary methods for
estimating and reporting SoH with differing quality and accuracies, and utilise different thresholds for acceptable SoH
before interventions must be made.
For the SNS installation, calibrations of the SoH are recommended by Samsung approximately every 6 months. This
process involves charging the system to 100% SoC so all cells are fully charged, and then discharging the system to
approximately 5% SoC. This allows an updated calculation of the energy exchanged during the cycle to be carried out,
which is then used to determine the extent to which the energy capacity of the system, or individual cells, has
degraded.
As with the SoC calibration described above, this process potentially leaves the system unavailable for providing
services to the network, so involves an opportunity cost as well as an associated energy cost, dependent upon the time
at which the full cycle is carried out. It is estimated that this process of SoH calibration for the SNS facility could take up
to 3 - 4 hours, based on a full rate (6MW) charge and discharge of the storage capacity between 100% - 5%, however
as shown in Table 7 this is expected to have only a limited impact on the commercial service benefits available.
As mentioned above, it may also be possible to indirectly use this type of calibration routine to actively deliver peak
shaving or other services such as arbitrage, by timing the export part of the calibration cycle at peak demand times.
This simultaneous, indirect delivery of a service with system calibration will be explored in the later trial phases of the
SNS project.
The concept can however be illustrated for the case of simultaneous provision of arbitrage during a calibration cycle. In
the commercial model employed under the SNS project, the energy costs incurred associated with carrying out
charge/discharge are dependent upon the time of import and export and approximately reflect system sell and system
buy prices at the time. It is therefore possible to optimise the time at which this calibration is carried out to ensure
overall costs are minimised, and benefits maximised. (However it should be noted this might not necessarily counteract
the opportunity cost in not providing other network or commercial services.)
These estimated cost and/or revenues of energy associated with carrying out a full calibration cycle (not including
additional industry charges, auxiliary costs or losses etc.) when performed at different times within a single day is

15

http://www.mpoweruk.com/soh.htm
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illustrated below. The two cases show the differences when the calibration is performed during the best-case and
worst-case energy pricing periods that were available during the period 23 March 2015 to 30 March 2015.
Energy Cost/Revenue
(Excluding all other costs and charges)
Best-case pricing periods
Lowest cost import and highest priced export

Worst-case pricing periods
Highest cost import and lowest price export

£778 (Revenue)
-£512 (Cost)

Table 8: Potential cost or revenue associated with a full battery calibration cycle for the SNS facility.
This clearly highlights the importance of optimising the periods for which calibration of storage systems is carried out,
to avoid unnecessary costs of general operation and maintenance.

6.7 Battery replacements and “end of life”
Storage systems naturally degrade with use, and therefore it is expected that throughout the lifetime of a storage asset
there will need to be replacements made. Although some technologies, such as lead-acid, have been demonstrated to
operate for over 12 years with very little degradation16, the typical lifetime of storage technologies, and battery
technologies in particular, are still not comparable with ‘traditional’ distribution network assets, such as cables and
transformers, which can have safe operating lifetimes in excess of 30-40 years. Replacements are therefore important
to consider at the business case stage and during procurement.
There has been little information published about the long term operation of such storage systems, and the accuracy of
manufacturers claims around cycle life and replacement cycles; perhaps because of the limited number of installations
that have had long service times, and perhaps due to the commercially sensitive and potentially misleading nature of
such information. There are many factors that affect the rate of degradation and timing of replacements, including the
temperature, frequency of cycling and depth-of-discharge which make it challenging to analyse and compare lifetimes
of different installations. The calendar fade of battery capacity (i.e. degradation in time, without any charge/discharge)
is also affected by similar factors, but is typically less significant.
For the specific SNS storage solution, which appears to be relatively commonly across the industry, ‘end of life’ is
considered to be when the capacity of the system has reduced to 80% or less. At this point it would be considered the
batteries would need to be replaced. Based on the project’s early operating experience, different parts of the storage
system have been taken in and out of service for commissioning investigations for example, while the remainder of the
plant is operated. It’s therefore likely that different batteries could reach this ‘end of life’ stage before others. It is likely
that new battery replacements could be made alongside ‘older’ batteries within the same string or array that have been
operating for many years and are closer to this limit. However this may lead to these new batteries aging more quickly
and therefore not representing such good value for money. This may mean that full replacement of all batteries (at
least within a string or an array) could be necessary once any of the cells reaches end-of-life.
For the range of electrochemical storage technology solutions offered for the SNS project, quoted lifetimes varied from
10 years to 20 years, and cycle life (based on the suppliers specific ‘end of life’ definition) varied from 3,000 to 5,000
cycles across the different chemistries and technologies. Specifying to potential suppliers an example duty cycle may
provide a better comparison, but requires that the application of the storage be well understood.
The SNS project is still at a relatively early stage in operational terms, however it is our intention to monitor the health
of the system over the project period and beyond to assess the degradation experienced following operation for the
various use cases. We are investigating appropriate methods for carrying this out with project partners and other third
party organisations.

16

Electricity Energy Storage Technology Options, White Paper Primer on Applications, Costs, and Benefits, EPRI, 4-7, Dec 2010
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Further commercial considerations for battery replacement may involve the scope and cost responsibility for battery
replacements; such as whether these are provided by the manufacturer for batteries reaching end of life, or only for
those failing prematurely, and for how long following commissioning this would be carried out under any warranty
period. Although it is manufacturers’ responsibility under the WEEE directive in Europe to ensure battery modules are
recovered and recycled, it should also be considered during the procurement stage which party would be responsible
for the costs of removing and shipping battery modules back to the manufacturer, particular given the recent
restrictions on transportation of Lithium Ion systems17. There may also be other parties willing to purchase the batteries
for a “second life” application or for recycling based on the value of the raw materials involved.

17

http://australianaviation.com.au/2015/03/qantas-says-it-wont-take-lithium-ion-batteries-as-cargo/
http://www.iata.org/whatwedo/cargo/dgr/Pages/lithium-batteries.aspx
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