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1 Introduction

1.1 Purpose of Document
The purpose of this Logical Architecture Design Document (LADD) is to document the design of the Smart Optimisation
and Control System (SOCS) that is to be developed, tested and delivered as part of the Smarter Network Storage
(SNS), Low-Carbon Network Funded project.
The LADD is used by the project team during the design phases as an output for developing the final solution
documentation during the system development life cycle (SDLC).
The LADD document is intended to describe and confirm the overall design of the SOCS platform which has been
developed in conjunction with the project’s operational, Information Technology (IT) and academic partners. The
document incorporates the description of the business processes to be implemented across participants to facilitate the
overall SNS Solution, and descriptions of the optimisation and forecasting algorithms.
This document forms one of two main documents that together provide the evidence required to demonstrate
completion of the second formal Successful Delivery Reward Criteria (SDRC 9.2) milestone for the SNS project.
Other evidence for this SDRC comprises documented minutes and notes captured from meetings and design
workshops between UK Power Networks (UKPN) and project partners and design approval of the SOCS solution which
are available to the Office of Gas and Electricity Markets (Ofgem) on request.

1.2 Scope
The Smarter Network Storage project is broken down into five work streams. The scope of this paper is the
documentation of the design for the Smart Optimisation and Control System (SOCS) which is the key deliverable for
Workstream 2.
A logical architecture design of the solution is documented comprising the application, technology and security
architecture; a description on the selection and design of the optimisation and forecasting algorithms; and the business
processes required to support the solution.

1.3 Intended Audience
The audience for this document is described in the table below.
Audience
SNS Project Teams including
Workstream 2 Partners and
Suppliers
IT Architecture Review Board
(ARB)
Project Design Authority Board
(DAB)
Ofgem

Purpose
To use this document as the baseline for the detail physical design for
the SOCS solution

DNO Community / Industry

For information and learning dissemination in order to allow the DNO
Community and industry to understand the design of the solution and
replicate if required

For review and approval of the SOCS design
For review and approval of the SOCS design and confirming completion
of the project milestone
Acceptance of this report as part of the deliverable to satisfy SDRC 9.2
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2 Project Background
2.1 Introduction
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
transmission and distribution networks to benefit other industry segments, and a lack of scale demonstrations are
currently hampering the efficient and economic uptake of storage by the electricity sector.
The Smarter Network Storage (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 from other Low
Carbon Network Fund (LCNF) electrical storage projects by its 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, the project will explore the capabilities and value in alternative revenue streams for
storage, whilst deferring traditional network reinforcement. 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
accommodate increasing levels of intermittent and inflexible low carbon generation. The project was awarded funding
of £13.2 million by Ofgem, under the LCNF scheme in December 2012 and will last four years, from January 2013 to
December 2016.
One key part of the project is to develop a novel IT platform to enable the shared use of energy storage capacity which
can optimise the value of an installation by scheduling a range of commercial services, whilst also maintaining network
constraints effectively. The design of this SOCS is the focus of this report.

2.2 Solution Objectives
The SNS project has been designed to address a number of pragmatic issues related to energy storage. The project
will:
1
• Install large-scale energy storage , for the first time using the storage to tackle genuine network constraints
and defer reinforcement.
• Design and develop a smart optimisation and control system to help manage the storage flexibility and its
shared use between different industry participants.
• Logically explore the various services and applications that storage can provide, as well as support the
development of future market products and services that a DNO might procure.
• Develop commercial arrangements to underpin a range of services, as well as explore new commercial
arrangements to support the more optimal use of flexibility.
• Identify, assess and validate business models for energy storage.

2.3 Solution Overview
Workstream 2 of the project will deliver the design, development and integration of the Smart Optimisation and Control
System that will enable the energy storage device to provide wider system benefits, over and above those provided to
the DNO. This solution will schedule the use of the storage device depending on a number of inputs and predictions,
attempting to maximise the value of the storage capacity within the constraints of the network.
Interfaces with relevant other industry parties have been designed and developed to provide a blueprint for the system
required to allow storage (and other forms of flexibility) to be made visible and controllable for network operators,
and/or third parties seeking to deploy energy storage. The platform will take a variety of price signals, future load
predictions and network state information to provide proposed optimised schedules for the device.
New business processes have been designed and implemented around the platform and storage device, to ensure that
the device can be contracted in the market, the device can be dispatched according to schedule and the periods
required for network support are protected. These processes are described further in Section 3.

1

The terms Battery, Energy Storage Device and Storage Device are used synonymously throughout this document
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2.3.1

SOCS Solution Overview

Figure 1 - SOCS Solution Overview

SOCS
The SOCS is defined as the end-to-end system, including aspects that are hosted within the corporate IT environment
and aspects hosted on site with the energy storage hardware. The SOCS solution will be operated by a main user,
shown as the Battery Manager, predominantly via the corporate-hosted part of the system, and will have core
responsibility for scheduling, controlling and monitoring the storage (as represented in the shaded area in Figure 1).
The overall SOCS solution comprises two main software components, which are introduced below:
• Forecasting, Optimisation and Scheduling System (FOSS)
• Energy Storage System (ESS)
FOSS
Using a range of available data, including historical customer electricity demand and weather forecast information, the
FOSS will forecast local electricity demand at the site and consider when network support is likely to be required and
what other available services can be performed. FOSS will then generate an optimised schedule for the ESS, which
dictates how the storage device should operate, and seeks to maximise the value of the storage capacity within the
constraints of the network.
In periods where the local electricity demand is forecasted to exceed site capacity limits, FOSS will highlight this and
ensure that these periods are reserved for network support.
FOSS will receive regular price feeds for the range of possible services in the Services Portfolio via the Resource
Provider, and receive energy prices via the Energy Supplier. These service and energy prices will be used to produce
day ahead, week ahead, month ahead and year ahead schedules for the battery that optimise the provision of these
other services outside the times when network support is required. The Battery Manager will agree prices and/or
contracts with the relevant third party companies, who in turn will commit to the service(s) on the schedule. Each day a
finalised schedule will be generated and passed to ESS, containing a number of different operating modes defined
within the operational capabilities of the battery which are then used to control its behaviour.
UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237 Southwark Bridge Road, London, SE1 6NP
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Each of these operating modes has been designed to deliver a particular type of power and energy supply/regulation to
either the DNO or third parties, and it has been attempted to ensure future flexible service variations can be provided.
The different service types are defined within the Service Portfolio and the modes are described further in Section 5.4.
In the case of Smarter Network Storage, KiWi Power is acting as the ancillary services Resource Provider, and
Smartest Energy is the Energy Supplier.
ESS
The Energy Storage System (ESS) is hosted at the local network site, and will receive and validate finalised
schedule(s) generated by FOSS and control the battery operations accordingly. The different modes of operation that
the battery can undertake reflect the different behaviours required from the storage device and will vary over time
depending on the modes scheduled. The low-level Battery Controller will be instructed directly via the ESS; which tells
the battery how to operate, i.e. to either charge/discharge from/into the local electricity network, in real time.
During the different modes of operation the ESS imports or exports energy according to the behaviour of the mode in
order to provide a particular application from the battery, for example peak shaving, frequency response or short term
operating reserve (STOR) services. For some modes the storage output will follow a defined profile, whereas for other
modes the storage responds to a range of network measurements, or external despatch signals. These designed
modes are further described in Section 5.4.
In addition to the routine schedule of operation for the battery there is also the option of manual control of the storage
to allow override, for example in the event of system emergencies or FOSS platform failures. This manual control is
possible via either the FOSS, by scheduling in a period of manual operation, or alternatively via secure log-in direct into
the ESS to control the storage.

2.4 Strategic Alignment
The SNS project forms a key part of the innovation portfolio of UK Power Networks. The main objective of the project is
to assess the economics and business case for large-scale energy storage, and improve the industry’s knowledge and
understanding of how storage can become a cost competitive solution for network upgrades and investment deferral.
The project will help inform UK Power Networks, other DNOs and industry of the value that can be achieved when
leveraging storage for multiple applications and help encourage the adoption of storage for the benefit of customers by
validating and identifying viable business cases for its deployment.
The project has already delivered key learning relating to the procurement of large-scale energy storage systems, and
identified a range of viable business models structures through a consultation carried out in June 2013.
Specific to the SOCS solution, this novel platform will help UK Power Networks, and ultimately other DNOs and third
party storage developers, leverage the maximum value from current and future storage deployments by providing a
platform that can be used to optimise a range of network and market services for storage deployments, improving the
efficiency and cost-effectiveness of this smart grid technology.
This document is intended to provide detail on the algorithms, general design and processes involved within the SOCS
solution and provide sufficient information to allow others to replicate the approach, or determine if they may gain value
from deploying this solution.

2.5 Critical Success Factors
The SNS project has a wide range of core objectives and benefits that it seeks to deliver. However, in particular
relation to the SOCS IT platform, the critical success factors for this novel platform are as follows:
-

The platform facilitates the automated support of the local network by keeping demand within firm
capacity limits
The platform would be deemed successful if the forecasting module predicted the periods of time for demand
deviations over firm capacity, with an accuracy of up to 6% and automatically ensured storage capacity was
available to support these periods. Further refinement of the forecasting model may be able to more accurately
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judge the over firm power and energy expected, which would allow a defined profile for peak shaving to be
implemented automatically.
-

The platform allows Use Cases identified in the deliverable “Services Use Cases (SNS3.2)” to be
delivered by the storage
A number of specific Use Cases have been identified and developed that the project would like to trial to
deliver comprehensive learning relating to the capabilities and business case for storage (Reference 11). The
platform would be deemed successful if it allowed the scheduling and operation of the storage device to
effectively deliver all of these Use Cases.

-

The platform allows future potential services to be added into the service portfolio
While there is uncertainty as to the design and characteristics of future ancillary and network services,
attempts have been made to ensure the solution is robust to future changes to product types and potential new
product characteristics. The platform would be a success if there were additional products or applications, not
previously identified as part of the Use Cases that could be configured and incorporated into the normalised
service portfolio and storage optimisation, based on the modes and service parameters already defined.

2.6 Benefits
The project is expected to deliver a wide range of benefits and learning relating to the deployment, operation, economic
case and business models for storage. The high-level key benefits identified are summarised below:
DNO Benefits
- Defer significant network reinforcement for customers at the proposed trial site
- Reduce peak demands, meaning reduced losses and asset utilisation
- Greater experience in the design and deployment of large-scale energy storage
- Greater experience in smart IT and control systems for flexible smart grid technologies, including how
flexible resources may be shared with third-parties
Transmission Benefits
- Reduced peak demand, meaning reduced losses
- Cost effective balancing support – improving system security
End-Customer / Bill-payer Benefits
- Reduced energy bills through more efficient asset utilisation, reduced network investment and reduced
losses
Environment
- Reduced carbon emissions, due to displaced peak generation and reduced curtailment
- Estimated 1.7 k.tonnes per annum possible CO2 savings from the SNS project installation
Economic
- Validation of the viable business models and economics of storage, when leveraged for full system value –
building experience and encouraging adoption
- Supporting development of the commercial environment for energy storage for energy service companies,
developers and investors
Regulatory
- Identification of key market, commercial and regulatory barriers to effective deployment of storage

2.7 User Requirements
The requirements for the SOCS solution are fully defined in the Appendix 10.3 Statement of Requirements (SoR)
document.
These have been developed in conjunction with subject matter experts and project partners within the Workstream 2
working group through a range of workshops carried out during the design phase.
The following are the broad set of primary requirement categories that have been considered when producing the
requirement catalogue for the project:
•
Functional Requirements
•
Non Functional Requirements
UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237 Southwark Bridge Road, London, SE1 6NP
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•

2.7.1

Reporting Requirements

Functional Requirements

For this project the functional requirements have been categorised as follows:
• Forecasting – function to predict demand, normalise different services using historic data and available energy
prices
• Optimisation – function to generate a schedule that enables use of the storage capacity to be optimised
• Energy Storage System – function to execute the battery modes as specified in the schedule generated by the
Optimisation function
• Control – function to provide information to monitor the real time battery state and to provide manual control of
the battery

2.7.2

Non-Functional Requirements

The non-functional categories used for this project are:
• Recoverability – architecture to support agreed service recovery times and state
• Security – system and network access control
• Performance – ability to process functions within agreed timelines
• Usability – system operation and support capabilities
• Availability – resilience of the infrastructure to support system availability
• Backup – data backups
• Scalability – considerations for future growth in data and number of users
• Supportability – accessibility to enable support of the services
• Policies and Standards – UK Power Networks and Industry regulatory requirements
• Testability – environments required to test and support changes for the solutions
• Environmental – in line with UK Power Networks standards
• Communications – data communications network requirements
• Archiving / Data Retention

2.7.3

Reporting Requirements

A reporting requirement will allow a user of the system to interrogate, display and/or print certain functional data held in
the system in a specific format.
These requirements are intended to allow data and information to be extracted from the SOCS to allow analysis and
learning.
Both FOSS and ESS human-machine interface (HMI) applications have internal reporting capabilities for this purpose.
There are no requirements for cross systems reporting or management, legal or regulatory reporting.
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3 Business Architecture
3.1 Introduction
The SOCS architecture will be integrated into the core UK Power Networks’ infrastructure. The architecture is a standalone system which is designed to require limited users, and for the most part will run in an automated fashion. This
Section describes the business architecture and processes around the system, including how it will be integrated and
used within UK Power Networks.
Due to the innovative nature of the project the business functionality that is being delivered is completely new to UKPN.
For the duration of the project the SNS installation will be managed by the project. After the project is complete the
architecture that the project leaves behind will need to be integrated into the Business as Usual (BaU) function at UK
Power Networks. Where the integration occurs within the business is still to be determined.

3.2 As-Is Business Architecture
The SNS project will deliver a brand new solution and hence there is no ‘As-Is’ business architecture to describe. At a
technical level the SOCS will need to integrate with the UK Power Networks’ Supervisory Control and Data Acquisition
(SCADA) control network and also the existing UK Power Networks’ IT infrastructure.

3.3 To-Be Business Architecture
The main storage device, being supplied by S&C Electric, is being installed on UK Power Networks 11kV distribution
network at Leighton Buzzard primary substation, as further described below in Section 3.3.1. All the battery
components and control systems, including the ESS, will be housed in a new building located on the site. The other
new system, FOSS, will be hosted within the UK Power Networks Data Centres.
The three high level business functions within SOCS that operate the storage installation are: Schedule Battery, Realtime Battery Management and Network Control, which are described further below.

3.3.1

Storage Network Connection

The storage installation within the SNS project is installed at Leighton Buzzard primary substation, via two independent
connections to the 11 kV busbars (via circuit breakers (CB) 3 and 4) as shown in Figure 2 below. This allows
redundancy in the event of a busbar fault. The upper block represents the existing primary substation, and the lower
block represents the storage facility.
Within the storage facility building, a single 11 kV circuit breaker (CB 5) connects the storage HV panel to the network.
The initial configuration of the storage installation will comprise three groups of step-up transformers, inverters and
battery racks, each providing 2 MW of power with additional space and switchboard connection for a fourth inverter
group for future expansion. Each step-up transformer connects via an independent circuit breaker (CB6 – 9), allowing
isolation of individual 2 MW inverter groups.
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Figure 2 – Physical Network Connection of the storage installation at Leighton Buzzard

3.3.2

Organisation/Actor Catalogue

The following Organisations and Actors are identified:
Organisation/Actor
Battery Owner

Battery Manager

Scheduling (FOSS)
Battery Control (ESS)
Distribution Network Operator
(DNO)

Description
The owner of the storage device. In the context of the SNS
project the owner is the DNO. Also responsible for the
inspection and maintenance of the storage device
Responsible for the day-to-day management of the battery
including the management of the Scheduling and the
Monitoring of the battery
The automated Forecasting, Optimisation & Scheduling
component of the SOCS solution
The automated Control & Monitoring component of the SOCS
solution.
Responsible for the operation of the local distribution network
including the Leighton Buzzard area

Who
UKPN Network
Operations
UKPN SNS
Project Office
Automated
Automated
UKPN Control
Room
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Energy Supplier
Ancillary Service Provider

Transmission System
Operator (TSO)

3.3.3

Responsible for supplying and reconciling the energy that will
be imported/exported to/from the battery
Manages and despatches the commercial services the storage
has to offer on behalf of the Battery Owner to the Transmission
System Operator Control Room
Responsible for UK electricity transmission and utilise
commercial services provided by different service providers to
maintain GB electricity supply.

Smartest Energy
KiWi Power

National Grid

Business Process Models

3.3.3.1 Level 0 – Smart Optimisation & Control System
Level 0 shows the three main activities that occur within the SOCS: Schedule Battery, Real-Time Battery Management
and Network Control.

Figure 3 - SOCS High Level Business Process Model
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At a high level the Scheduling activity is carried out within the Schedule Battery process and is provided by the
Forecasting, Optimisation and Scheduling System (FOSS). It is responsible for creating the day-ahead schedule and
intra-day updates to the schedule. This sub-process is broken down further into its component tasks in the Level 1
Business Process Model and Notation (BPMN) Schedule Battery function model below (see Section 3.3.3.2).
The most up-to-date schedule will be made available to the Real-Time Battery Management function which is part of
the Battery Control activity. This function is responsible for the real-time control and monitoring of the storage. This
sub-process is broken down further in the Level 1 BPMN Real-Time Battery Management function model below (see
Section 3.3.3.3). This function is provided by the ESS which directly controls the energy storage device. In addition,
there is the existing DNO Control activity for carrying out Network Control. This function covers the monitoring and
control of the electricity distribution network supplied from Leighton Buzzard primary substation where the storage
device and control system will be an integral component of the network. This function has indirect control of the storage
device and includes the low-level monitoring of network status and measurements.
The main circuit breakers (CB3 - CB5), as shown on Figure 2, are under the control of the Network Control function
which can be used to isolate the storage system from the 11 kV network. Once the storage system is isolated, it enters
an idle mode of operation where all energy imports/exports will cease.
The level 0, 1 & 2 business process levels for the SOCS solution are shown below in Figure 4. These functions are
described further in the subsequent Sections.

Figure 4 - Business Process Hierarchy

3.3.3.2 Level 1 - Schedule Battery
The Level 1 Scheduling BPMN model shows the high level activities that surround the scheduling activities of the
Schedule Battery sub-process (Figure 5) of SOCS. The sub-processes grouped in the middle of the diagram under
Schedule Creation, i.e. Demand Forecasting, Service Portfolio Creation and Produce Schedule are the key stages that

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 14 of 103

Smarter Network Storage
Logical Architecture Design Document (LADD)
generate the schedule and these Level 2 functions are described in further detail below. The other activities on the
diagram are the supporting tasks that support and trigger the creation of the schedule.
The reasons for generating a schedule will depend on the timescales and the initiating trigger that caused the schedule
to be produced. At some timescales, some scheduled service instances could still require confirmation and acceptance
(for example in tendered services). These are considered uncommitted, whereas services that have been confirmed for
definite operational purposes within the day-ahead schedule are considered committed.
The events that will initiate a schedule to be produced are:
1. Routine schedules produced on a fixed timetable, either intra-day, day-ahead or longer term
2. The Battery Manager making an ‘ad-hoc schedule request’
3. The submission of new contractual data, e.g. price data
4. The Scheduling system detecting a condition that would invalidate the current schedule and therefore a
new schedule to supersede the current schedule is required, e.g. the invoking of manual control on the
battery – the Monitor Schedule Execution activity or an unexpected variation in the state of charge of the
storage device.
In day-ahead (and beyond) timescales the schedules are produced to assess the viability of different services and also
the costs for those services. These schedules are uncommitted and will not be used in the real-time control phase of
the battery. Once these schedules are produced they require approval from the Battery Manager, and possibly from
Third Parties who will need to commit to the services and prices detailed in the schedule. If the Third Parties commit to
the schedules produced then the services/costs will be used in the production of the intra-day schedules.
When day-ahead schedules are produced they set the actual operation of the storage device using services/prices that
the Energy Supplier and Ancillary Service Provider have committed to; hence schedules within day-ahead are for
operational purposes and can be seen as committed. It is also possible that the schedule will be regenerated intra-day
if a triggering event arises.
The generation of a new schedule will supersede any existing schedules – therefore any new (and finalised) schedule
passed to the ESS invalidates previous schedules. However, the current half-hour period must be the same for the new
and previous schedule to prevent conflicts or abrupt terminations of service delivery.
These main steps to generate the schedule for the storage device, as shown in Figure 4 and Figure 5, are further
expanded below.

3.3.3.2.1

Service Commitment and Confirmation

As part of the scheduling process, certain services require pricing information in advance, either based on estimates or
tendered price information. The process of provision of Energy Service prices and commitment and confirmation of
energy contracts are shown towards the bottom left hand corner of Figure 5.
The Ancillary Service Provider will propose service tender prices for the services being managed based on either
prices that they are offering themselves, or (for services that are being delivered on behalf of the TSO) those that may
be accepted by the TSO. These proposed service prices are configured within the service portfolio and will be
delivered into the FOSS automatically. The Energy Supplier will provide to the DNO weekly updates on the wholesale
energy prices, which will be manually entered by the DNO into FOSS. These price quotes for import and export will be
based on four-hour block pricing and the template format for provision of energy pricing data is provided in Appendix
10.5.
Where profitable and feasible within network constraints, the FOSS scheduling function (See Section 3.3.3.2.4) will
include commercial services in the schedule. The Battery Manager then has the option to approve any of these
scheduled commercial services or reject them prior to commitment.
If approved then FOSS will notify the Ancillary Service Provider to either confirm the commitment of the scheduled
service, or if declined then they are removed from the schedule. If the Ancillary Service Provider commits to the service
for the scheduled time(s), then FOSS will mark those services and slots ‘committed’ in subsequent schedules
generated, updating any changes to the committed or actual pricing if different.
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Where FOSS has scheduled a wholesale market-related service, or a period of state of charge recovery (to prepare for
the execution of the subsequent service), these periods will be flagged to the Battery Manager by FOSS to allow
specific energy trades to be confirmed with the Energy Supplier if required. This allows specific price quotes to be
obtained and confirmed outside of SOCS. Otherwise, energy that will be supplied/demanded without purchase/sale
confirmed during these periods will by charged at clearing System Buy/System Sell Prices.
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Figure 5 - BPMN Level 1 - Schedule Battery
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3.3.3.2.2

Level 2 - Demand Forecasting

Demand forecasting is responsible for predicting the local demand at site and uses a variety of data to produce a
forecast time-series electricity demand profile. The requirement for demand forecasting arises because the scheduling
activity needs to establish whether there is the need to reserve power and energy for the DNO peak-shaving service. A
demand forecast for the total substation demand in each half-hour (HH) period in the forward schedule is required. To
align with the timescales on which scheduling will take place, it must be possible to evaluate the demand forecast from
1 to 8760 hours in advance. Separate forecast processes are therefore considered for short-term (two-weeks or less),
and medium to long-term (greater than two weeks) timescales.
The input data available to the demand forecasting algorithm are historical demand, historical meteorological data,
forecast meteorological data (5-day ahead at 3-hour resolution) and an annual load growth (or decrease) trend. The
meteorological forecast data available are; wind direction, wind speed, temperature, weather type, visibility, relative
humidity. Data are assumed to be correct when provided for use to the forecasting algorithm.
The target accuracy is ±6% in any single HH period at 3-days advance. At longer timescales the demand forecast
should not be more than 6% below the actual demand. It will be accepted that the forecast takes a conservative
position at long timescales.
Exceptional event data can also be manually added into FOSS to ensure system outages, maintenance and days with
special demand profiles can be accounted for in the forecasting.
The output of demand forecasting is a half-hourly resolution electricity demand forecast for the Leighton Buzzard
primary substation site which is used to predict the periods when site demand is predicted to exceed capacity limits,
and the power and energy required to mitigate the deviation above capacity limits.
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3.3.3.2.2.1 Approaches to Demand Forecasting
Newcastle University has undertaken research into effective methods for load forecasting to deduce the best fit
methods and algorithms to use for forecasting on the SNS project. Two branches of approach to demand forecasting
were considered; time-series methods or end-use load modelling. Time-series methods are considerably more mature
and the available data is appropriate for using this approach. Estimates of the success that could be achieved through
an end-use load modelling approach are not well defined and as such it is not suitable for this important aspect of SNS.
These alternative approaches and subsequent variants are illustrated in Figure 6
.

Demand forecast

Load model
Statistical:
analysis of causality
Auto-regression:
good at short-term

Time-series

Artificial Intelligence:
data driven
Multiple linear regression:
interpretation of main and
cross effects

Figure 6- Demand Forecasting Solution Hierarchy

Time-series based techniques fall into two broad categories; statistical methods or artificial intelligence techniques.
Statistical methods fit parameters to an analytic expression that uses the endogenous past demand profile and
possibly exogenous data, such as temperature and economic output (reference 7). A range of artificial intelligence
techniques have been used in demand forecasting, including Artificial Neural Networks (reference 3) which typically
make use of plentiful historical data to uncover underlying patterns of variation and carry this forward in time, without
seeking to identify the underlying causes of demand variation.
The literature suggests that artificial intelligence techniques do not generally offer significant improvements over more
established statistical methods. Further, they can perform considerably less well and since they are based on data
rather than explanatory variables, it can be difficult to discern why a technique is or is not performing to a satisfactory
standard. For this reason this approach was not selected for SNS.
Statistical models can again be divided into a number of alternatives including semi-parametric, auto-regressive or
multiple linear regressive. Auto-regressive models use the endogenous historical demand data alone and can work
well for short-term load forecasting. A multiple linear regression takes in any number of endogenous and exogenous
data sources, and is felt better suited for use within the SNS project.
Whichever method is used, over-fitting of data has to be avoided. An over-fitted model will perform very well within the
data that was used to construct the model (in-sample), but out-of-sample performance is likely to be compromised by
variations that are not seen in-sample. Over-fitting can be worse than under-fitting.
Demand forecasting horizons are typically split into three timescales, short (reference 2), medium (reference 1) and
long-term (reference 7). Different techniques and variations within techniques have been applied at these alternative
timescales as the requirements and explanatory variables can be different for each timescale. Within-day (typically
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hourly), meteorological forecast data has been shown to improve short-term and medium-term demand forecasts. In
reference 1, Chen et al note that weather forecast data ceases to improve demand forecasting accuracy once a
medium-term (31-day) timescale is reached. The error in the weather forecast can be sufficiently large so as to create
a worse error in the demand forecast than would have been present without any forecast weather data.
When considering the timescales on which demand forecasting can be improved, refinement of a demand forecast is
only warranted if there is an improvement in the accuracy of an explanatory variable.
It is possible to provide a confidence interval for upcoming demand, using a process called density forecasting
(reference 7). A procedure called bootstrapping can be used to do this using the statistical characteristics of the
explanatory variables in the forecasting model to give a resulting spread in the demand forecast. Since it is required to
account for the worst case scenario, a density forecast will not be used in the SOCS solution.
Demand forecasting techniques have in the main been applied to demands of order 1 GW. Since distribution network
site demand, such as at Leighton Buzzard, is typically of the order of 10 MW, it is likely that the success of the demand
forecasting technique will be affected. Aggregation effects are not as pronounced, but the smaller geographical spread
will mean that local environmental conditions will be more uniform. How these effects will feed through to the demand
forecasting performance is not yet known.
A number of metrics are used to report demand forecast accuracy and it is not generally clear from reports of technical
performance as to how far the worst case demand forecast could deviate from the mean. Typical metrics are Mean
Absolute Percentage Error (MAPE) or Mean Absolute Error (MAE). Based on reports in the literature for short-term
demand forecasting a MAPE in the range 1-3% is likely to be achievable, however the Maximum Percentage Error
must be worse than this and longer-term forecasts are increasingly inaccurate. During the project operational period,
the project will monitor and assess the accuracy achieved and seek to tune the forecasting as appropriate.
Further detail on how this method is actually implemented within FOSS is described in Section 5.5.3.1.

3.3.3.2.3

Level 2 - Service Portfolio Creation

Service Portfolio creation is the stage where service pricing, characteristics and energy cost information is assimilated
in order to create a Normalised Service Portfolio. This information allows the optimisation routine to analyse and
compare different services in the portfolio.
Parts of the input data for the creation of the Normalised Service Portfolio must be entered when the Battery Manager
configures the range of Portfolio Services he/she would like to schedule for consideration by the optimisation routine
and describes the characteristics of the service such as the pattern of availability windows, timings for commitment,
power restrictions, capacity usage and pricing. Other data, including the energy cost, is provided via the Energy
Supplier and uploaded into the system automatically.
The full range of parameters designed to describe a particular service are listed and described in Appendix 10.1
(Normalised Service Portfolio Parameters).
Using these parameters, the FOSS platform allows the Battery Manager to configure a wide range of different Portfolio
Services that represent the different types of commercial services available in the market which can be delivered by the
storage system. Each service is configured to use a different ‘mode’, which instructs the ESS and determines the type
of control behaviour required for the service delivery. These modes are described further in Section 5.4.
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Examples of the types of services that could be configured as Portfolio Services within the FOSS are given in the table
below:
Service
Category
DNO

Example Portfolio Service

Description

3.3.3.2.4

Level 2 – Produce Schedule (Optimisation)

Peak Shaving

The Peak Shaving service is the main service for supporting the local network at
Leighton Buzzard. The Peak Shaving service operates to reduce the loading at the substation when scheduled.
Reactive Power Support
Reactive power can be provided by the inverters of the storage system. Reactive power
can help to improve the power factor and reduce losses in the distribution network.
Wholesale
Long-Term Market Optimisation
This service is offered by the Energy Supplier and provides commercial control of the
Market
(Tolling)
storage system for a longer-term period in return for a fixed payment; The Energy
Supplier effectively optimises the use of the storage capacity within their own portfolio
of generation and demand.
Short-Term Market Optimisation
Short-term market optimisation is similar to long-term market optimisation except that
(Arbitrage)
shorter term import/export of energy can be carried out to take advantage of large
spreads in hourly or block pricing.
TSO Service Dynamic Firm Frequency Response
DFFR is the firm provision of real power in proportional response to changes in
(DFFR)
frequency. It is a service that is procured by the TSO through the Ancillary Service
Provider and its service providers are typically generators.
Static Firm Frequency Response
SFFR is the firm provision of real power triggered by a significant change in frequency. It
(SFFR)
is also procured by the TSO through the Ancillary Service Provider.
Frequency Control by Demand
FCDM has very similar characteristics to Static FFR. FCDM is the delivery of real power in
Management (FCDM)
response to a significant change of frequency, but is specifically designed typically for
demand customers and so has some more flexible delivery characteristics.
Short-Term Operating Reserve
STOR is procured by the TSO through the Ancillary Service Provider and is the delivery of
(STOR)
real power in response to a despatch signal. STOR is used to help the TSO balance
supply with demand in the short term, for example during an unplanned supply
shortage or demand increase. There are two forms of the STOR service; Committed and
Flexible:
•
Committed service providers undertake to offer service availability in all of the
required availability windows for a defined ‘season’ and upon accepting the
tender, National Grid commits to buy all services offered.
• Flexible service providers are not obliged to offer services in all availability
windows and the TSO is not obliged to accept and buy all the services offered
and only non-BMU providers are able to tender for the Flexible service.
Table 1- Example Services configured in the Service Portfolio

In this stage the optimisation of the available services in the portfolio is carried out. The scheduling process essentially
selects from the set of configured services and schedules those that could be delivered in a given period to maximise
the value from the use of energy storage.
As an initial stage, the demand forecast is used to assess the periods of time when site demand is likely to exceed the
capacity rating. For these periods, part of the storage capacity is effectively reserved by scheduling an appropriate
level for ‘Peak Shaving’, based on the predicted demand and capacity ratings at this time.
As such, there is a distinction between the Peak Shaving service and the other commercially focussed services. The
Peak Shaving service is always considered first; and the magnitude of the DNO peak shaving service required will
depend on the demand forecast and current capacity ratings. The non-DNO, commercial services are considered
secondly and need to be judged on their merits for each time period under consideration.
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3.3.3.2.4.1 Approaches to Optimisation
The approach to optimisation to produce a schedule is characterised by a series of decisions to be taken at discrete
points in time. The information available at each stage may be limited, often non-definite and changes as time evolves.
What actually occurs at the point at which the schedule is implemented in many cases will not be known until the halfhour at which the schedule is realised. The scheduling process has been designed to handle the complexity of this
situation in a manageable, robust and configurable manner.
A path through the available decisions (“a decision tree”) must be constructed so that the maximum benefit is accrued
while ensuring power and energy capacity is available to meet all the commitments that have been made and maintain
site demands within constraints.
The number of paths that can be taken in a tree problem rapidly becomes intractable as the number of variables and
stages in the problem grows. For example, if every service currently in scope for consideration was re-assessed for
every half-hour period in a year then there would be 917520 permutations. Clearly a more efficient way to assess the
paths that might be taken is required.
Dynamic Programming (DP) is a methodology that has grown around the need to make sequences of decisions
(reference 10) and is pertinent to the scheduling problem faced by SOCS. DP is employed to find the minimum cost of
executing a process across a number of stages, where at each stage a decision must be made on the control to be
executed to transition to the next state. This is formulated as a recursive problem where the costs of the possible last
parts of the path are evaluated, the paths leading to these are added to those costs and this is repeated until the initial
state is reached. The lowest cost overall path is then known to be optimal. Uncertainty in the data that defines the
decisions can be included. Mathematically this is expressed as follows, the transition from the current system state, 𝑥𝑘
to the next, 𝑥𝑘+1 is written
𝑥𝑘+1 = 𝑓𝑘 (𝑥𝑘 , 𝑢𝑘 , 𝑤𝑘 )

𝑘 = 0,1, … , 𝑁 − 1,

where 𝑘 is a discrete time index, 𝑢𝑘 is a control action, 𝑤𝑘 is a random (disturbance) variable and 𝑁 is the number of
stages. Policies, 𝜋 (control laws) are defined for each stage
so that the system states can be rewritten

𝜋 = {𝜇0 , … , 𝜇𝑁−1 },

𝑥𝑘+1 = 𝑓𝑘 (𝑥𝑘 , 𝜇0 (𝑥𝑘 ), 𝑤𝑘 )

𝑘 = 0,1, … , 𝑁 − 1.

For given functions 𝑔𝑘 , 𝑘 = 0,1, … , 𝑁, the expected cost 𝐽 of using policy 𝜋 starting at 𝑥0 can be written as:
𝑁−1

𝐽𝜋 (𝑥0 ) = 𝐸 �𝑔𝑁 (𝑥𝑁 ) + � 𝑔𝑘 (𝑥𝑘 , 𝜇0 (𝑥𝑘 ), 𝑤𝑘 ) �.
An optimal policy is one that minimises the expected cost,

where Π is a set of all admissible policies.

𝑘=0

𝐽𝜋 (𝑥0 ) = min 𝐽𝜋 (𝑥0 ),
𝜋∈Π

Given a suitable structure of an optimisation problem and timely availability and (statistically) well defined information it
can be possible to reduce the solution to a closed-form analytical expression. It is recognised that this is the exception
and in most cases a numerical solution has to be used to complete the task. If applied in an unconsidered way, this
means evaluating a huge number of expressions, so it is preferable to understand the nature of the particular problem
and apply an approximate technique to achieve a near-optimal result (which could be the optimum). Approximate
techniques such as Rollout Algorithms, Certainty Equivalent Controllers or Limited Look-Ahead Policies use insight
from the full DP algorithm to reduce the search space that is necessary to be covered by the numerical solution
(reference 9).
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The detail of the specific scheduling characteristics of the storage system has led to the adoption of a limited-lookahead policy in which scheduling decisions are broken into several independent stages. This takes advantage of the
changes to information availability and ability to act that occur as time progresses. Some examples of these are:
•
•
•

Contracts with the Ancillary Service Provider to supply TSO related services can only be formed within a tendering
process with associated delivery windows and lead-times;
Demand forecasting will yield increasingly accurate results as the input data (principally meteorological) improves
with shortening lead-time;
Wholesale market data will become increasingly resolved in time from peak/off-peak pricing to hourly pricing as
lead-time shortens.

The Limited Look Ahead Policy will view the overall benefits that can be attained within the scheduling window under
consideration at a given time and thus, for a tendered service, take account of the likelihood of delivery across the
whole period.
This approach will limit the numerical evaluation of possible options to a tractable number of permutations of
interleaved service combinations. While not overburdening the system, it prevents a myopic view that would only
maximise net worth for a single stage, which could prevent a higher net worth combination of services from being
identified.
Rules are defined at each stage to ensure the validity of each service or service combination being considered.
Expressions that take the Normalised Service Portfolio parameters evaluate the net worth of each service at the given
stage. Once all stages are passed the most valuable service combination is selected as the schedule for the duration
of the optimisation window.
Different scheduling time-scales will proceed in a similar manner with the difference that the services included in the
process will vary depending on both the availability of information to usefully allow their inclusion, and the ability to act
on a decision (i.e. enter a tendering process, incorporate hourly wholesale pricing).
This process requires some initial configuration by the Battery Owner or Manager to initially set-up services, and also
when introducing a new service. However a degree of diligence will also be required to ensure that any individual
service can be introduced into SOCS. It is thus appropriate to require the detailed interaction of alternative services
with the scheduling process to be considered when being included in SOCS.
Further detail on how the optimisation and scheduling is implemented within FOSS, including the various stages and
time-scales are described in Section 5.5.3.3.

3.3.3.2.4.2 Level 2 - Monitor Schedule Execution
The Monitor Schedule Execution task (as shown in Figure 5) will monitor the battery status and schedule execution
information supplied by the Real-Time Battery Management function. The battery status is used to determine whether
the upcoming services scheduled are still valid given the condition of the battery, e.g. the state of charge may be
insufficient to perform a service that requires a certain level of charge in the battery.
When such a condition is detected by FOSS, then this will trigger a new optimisation run and a new schedule will be
produced and sent to the ESS. Also this function will actively monitor for the activation or termination of any period of
Manual Control that may have been instigated.
If Manual Control is activated, the storage system will no longer accept schedules from FOSS, as further described
later in Section 3.3.3.3.3. Once a period of Manual Control is terminated, a new schedule will need to be sent to the
Real-Time Battery Management function.
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Figure 7 - BPMN Level 1 - Real Time Battery Management
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3.3.3.3 Level 1 – Real-Time Battery Management
Within the SOCS business process hierarchy in Figure 4, the Level 1 Real Time Battery Management BPMN model is
further expanded in Figure 7. This shows the high level activities that surround the real time monitoring and control
activities of the SOCS which are carried out by the ESS.
On initiation the Real-Time Battery Management function will commence Automated Control. Under Automated Control
the operating mode timetabled in the schedule will be executed. Under normal operating conditions the battery will
remain in this Automatic mode and this pattern of activity will continue until either the system is instructed to shut-down;
there is a request for Manual Control of the battery; or a safety condition is detected by the Monitor Network task that
means the battery must operate in a Safety Control mode. These functions are described further below.

3.3.3.3.1

Level 2 - Automated Control

During normal operating conditions, the ESS carries out ‘Automated Control’, during which ESS is responsible for
receiving and validating new schedules, executing these schedules and instructing the storage what to do.
Depending on the mode type within the schedule, the ESS will instruct the storage to behave in a particular way to fulfil
the service that FOSS has scheduled.
The range of modes that ESS is configured for are briefly described in Table 2 below, along with a description of the
behaviour that is associated with each mode. For a further description of the modes, see 5.4.2.3.1 and for a full list of
all the parameters that are associated with a particular mode within the schedule, please see Appendix 10.2 (Output
Modes & Parameters).
Mode Type
Set-point

Mode Name
Set-Point Power

Set-Point Energy

Automatic
Response

Automatic Active Power

Automatic Reactive
Power

Automatic Frequency

Automatic Voltage

Behaviour
A number of real and/or reactive set points are provided to ESS which are
executed by the storage system.
This mode can be used for instructing a particular known profile of operation, for
example to deliver market-based services or for manual operation of the device
to carry out load shaping.
A target state-of-charge is provided to ESS which is obtained and maintained by
the storage system.
This mode can be used to re-charge the system following a service, or put the
system in a particular state of charge ready to deliver a certain service.
In this mode the system attempts to minimise the real power deviation over a
given threshold, based on real time measurements of the network demand. This
can be provided either during all normal network operating conditions, or only in
response to a fault which has caused an N-1 condition.
A limit on the maximum level of real power export that can be used can be given
to prevent a higher output than required.
This mode can be used to deliver peak shaving.
In this mode the system attempts to minimise the reactive power flows on the
network, based on real time measurements of VARs. This can be provided
during all normal network conditions, or only in response to a fault which has
caused an N-1 condition.
A limit on the maximum level of reactive power export that can be used can be
given to prevent a higher output than required.
This mode can be used to deliver peak shaving using just reactive power, or to
generally reduce losses on the network.
In this mode the system provides a level of real power output in proportion to the
deviation of measured frequency from a nominally set threshold. A characteristic
curve describing the level of response for a particular deviation can be provided.
This mode can be used to deliver Dynamic Frequency Response, as procured by
the TSO.
In this mode the system attempts to minimise the deviation of network voltage
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from a nominal threshold using either reactive or real power. A particular slope
defining the response can be provided, including limits for the maximum level of
active or reactive power that can be used,

Freq. Triggered

Frequency Triggered
Fixed Power

Externally
Triggered

Externally Triggered
Fixed Power

This mode can be used to provide voltage support to the DNO.
In this mode, the system delivers a fixed level of real power for a set duration
when triggered. The trigger in this case is the first deviation of frequency,
measured in real time, over or under a defined threshold.
In this mode the system delivers a fixed level of real or reactive power when
triggered by an externally provided signal, either for a set duration or until a
subsequent stop trigger is given.
This mode can be used to provide the STOR service, where the Ancillary Service
Provider provides the start/stop signals.

Table 2- ESS Mode Definitions

Design Decision: All instructions received by the ESS are interpreted as target values as measured at the
point of common coupling with the network (i.e. Values instructed, such as real power, reactive power or
voltage targets do not simply set the output at the inverter terminals, but rather are interpreted as the desired
target values at the network connection of the storage system).
This is important as it ensures that instructions for a particular power or energy exchange, for example, are
accurately provided at the point of metering, taking into account losses within the system and internal cabling
etc.

3.3.3.3.2

Level 2 - Monitor Network

As a parallel activity the ‘Monitor Network’ function will also monitor the state of the battery system and the local
distribution network, for example checking that network circuit breakers are in the expected state to allow import/export
and measuring the particular network parameters needed to determine the appropriate storage response.
Under normal operating conditions this activity will continue until either the ESS is instructed to shut-down, or there is a
request for Manual Control of the battery or a safety condition is detected by the Monitor Network task that means the
battery must stop its current operation and enter an idle state.
The full list of network data and parameters measured and recorded are shown in Appendix 10.4 (SCADA and Storage
Monitoring Requirements).

3.3.3.3.3

Level 2 - Manual Control

Manual Control is available for exceptional events where it is necessary to provide direct instructions to the storage
system, without the use of a schedule. This may be necessary for example if the FOSS is unavailable for prolonged
periods of time, or a distribution network operational emergency forces the use of the storage capacity in an unplanned
way.
Manual Control is invoked by the Battery Manager or DNO Control Room via the front-end HMI of ESS, which for SNS
is located at the Leighton Buzzard site with the storage system. When manual control is invoked the current schedule
is halted and invalidated.
Manual control of battery can then be carried out through direct set point control commands that are entered through
the HMI. When the User ends manual control, the battery reverts to the idle mode and Automated Control will resume
once a new Schedule has been received by the ESS. Manual Control can also be interrupted by a network fault or
other safety-related event which is described as Safety Control mode. Further detail on the implementation of this HMI
is provided in Section 5.4.3.
Only a single User may have manual control of the storage system at any one moment. Once a User has taken manual
control no other User can be granted control. Other Users will still be able to view the status and operations of the
storage system.
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3.3.3.3.4

Level 2 - Safety Control

Safety Control is activated when either there is a serious fault on the local distribution network which activates the
protection to isolate the storage from the network, or the ESS detects an issue with the functioning of the battery or
ancillary systems, including for example HVAC or fire-suppression system alarms. The DNO Control Room can also
manually isolate the storage device from the network by tripping the 11kV circuit breakers through which the storage
device connects to the network.
In these instances, the ESS will put the storage device in a safe idle mode where no energy is exchanged with the
network.
Indirect control of the battery via SCADA by the DNO Control Room can also invoke the Safety Control function of the
battery. This indirect control allows the DNO Control room to send basic control commands via the ENMAC SCADA
interface, as further described in Section 5.6.2.
Once the alarm condition or network fault condition has passed and been cleared, the system will revert back to the
prevailing schedule under Automatic Control. In the event that the schedule has become invalid due to the period of
running under this safety mode, then the ESS will report the schedule as invalid to the Monitor Schedule Execution
function and await a new schedule to arrive before resuming control of the battery.

3.3.4

Back Office Business Processes

The overall SOCS solution represents a new platform for UK Power Networks, and is novel in that it allows the shared
use of storage capacity installed upon the network. This is a key step towards operating more like a ‘Distribution
System Operator’ (DSO), where flexibility is more actively used to support the network but also leveraged for wider
system benefit to generate efficiencies and system savings for customers.
For the particular operating model being trialled within the SNS project, UK Power Networks is acting as the Battery
Manager and Battery Owner, and is responsible for ultimate operation, inspection and maintenance of the storage
asset. In addition, UK Power Networks is responsible for selecting and authorising use of the storage capacity for other
commercial services, such as Frequency Response.
As such, additional business processes are required to manage the back-office reconciliation of these services
alongside the use of the SOCS solution. These have also been designed as part of Workstream 2 of the project and
are described below in further detail.
Under different business model structures for energy storage, these business processes (or similar) would potentially
need to be implemented and carried out by a different organisation; most likely the party responsible for commitment
and reconciliation of the commercial storage services. For example, in third-party owned and operated business model
structures, such as a Contracted Services model, these business processes (or similar) would need to be implemented
within the third-party organisation. For more discussion around the potential range of business model structures for
2
energy storage, please see ‘SNS 4.1 Business Model Consultation’ .

3.3.4.1 Service Invoicing and Reconciliation
Following the delivery of services by the storage facility, the Battery Owner may either owe payments, or be owed
payments, depending on the services delivered and outcomes. The business process to be implemented that captures
this and ensures invoices are dispatched and processed accordingly is shown below in Figure 8.
Following service delivery, on a monthly basis the Ancillary Services Provider and Energy Supplier will develop
statements for the preceding month (1) that summarise the storage operations relevant to their managed service(s).
This will include, for example for the Ancillary Services Provider, details of any revenues generated during the month
from market services and any fees due such as management charges for handling any tendering or despatch of

2

http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Smarter-Network-Storage-(SNS)/Project-Documents/SmarterNetwork-Storage-Business-model-consultation.pdf
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services. For the Energy Supplier this will include details of energy imported/exported from the storage and costs or
payments for this energy, along with details of any additional services delivered to them (for example tolling).
This will be then sent to UK Power Networks, where the statement will be validated with internal operational data (for
example reporting from FOSS, and measured input/output validated by settlement metering) (2 and 3) and approved
(4) (or rejected and returned) for processing.
In the case that net funds are owed by UK Power Networks, a monthly invoice is generated by the third-party (6) and
processed in the usual way (7) by Accounts Payable. In the case that funds are due, then an invoice is generated by
UK Power Networks finance (10) and processed by the third party (11). For each month, the net result will be logged
and stored along with the supporting operational evidence for audit purposes and to allow a complete analysis of the
economics of the installation.

Figure 8 - Services Reconciliation Business Process
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4 Data Architecture
4.1 Introduction
The two new applications ESS and FOSS being developed will have their own internal data models. The low-level
detail of these models is not included in this document for clarity; however, a high level description is included in this
Section.
There is no existing data model for SOCS; however an unambiguous data model is required so it will provide a clear
description upon which the development of the different applications is based.
The data interface between the ESS and FOSS needs to be clearly and concisely defined so that both the
development parties can undertake their respective parts of the development required for the project. The primary
interface between the two systems is the Schedule produced by FOSS, and consumed by the ESS.

4.2 Logical Data Model
The logical data model for the SOCS solution is summarised in Figure 9 . This shows the main data model components
required, which are further described in the Data Dictionary Section 4.3.
The Battery will be able to operate a number of different Portfolio Services, e.g. static frequency response, STOR, peak
shaving. These Portfolio Services are executed under a series of Operating Modes.
These Operating Modes will need to be mapped to the different Portfolio Services. This mapping will be maintained by
the FOSS. Hence, the Schedule will contain a number of Schedule Slots (half-hour) periods defining the Operating
Modes that the ESS can understand and will run during the period that it is scheduled. The specification of these
Operating Modes is key to defining the storage system behaviour and service delivery.
Battery Status, Network Status, Customer Demand and Battery Control Commands influence the real-time behaviour
of the battery and determine whether the storage can continue to operate normally.
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Figure 9 – SOCS Logical Data Model

4.3 Data Dictionary
Title
Battery/Storage Device
Owner
All
Description
The Storage Device is the main storage system connected to the 11 kV network that delivers the various services to the DNO and
third parties. In this implementation there is only a single instance of the entity, i.e. the battery installation at Leighton Buzzard,
however it can be envisaged there could be multiple batteries deployed across the network providing services.
Source
Privacy Classification
Retention Policy
Responsible Party
Attributes
Description
Capacity
Max Active Power
Max Apparent Power

SNS
Public
Static data
All
Battery Name, i.e. for the single instance solution this will be Leighton Buzzard.
Capacity of the battery, 10 MWh
6 MW
7.5 MVA

Title
Battery Status
Owner
All
Description
The real-time status of the battery.
Source
ESS
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Privacy Classification
Retention Policy
Responsible Party
Attributes
Battery
Date/time
Status item

Value

Public
Static data
UKPN; AMT-SYBEX; S&C
Battery Name, i.e. for the single instance solution this will be Leighton Buzzard.
Date/time of the measurement
The status item or signal. The following data items are required:
• Indication when Manual Control invoked
• Indication when Manual Control Revoked
• Schedule slot started
• Schedule Slot ended
• Service Triggers activated
• Available Energy
• Current Battery Active Power
• Current Battery Reactive Power
Value of measure

Title
Battery Control Commands
Owner
All
Description
An external signal instructing a service to be activated on the Storage Device
Source
Privacy Classification
Retention Policy
Responsible Party
Attributes
Battery
Date/time
Command
Value

KOMP
Public
Static data
UKPN; AMT-SYBEX; S&C
Battery Name, i.e. for the single instance solution this will be Leighton Buzzard.
Date/time of the command
The command type being sent
Value of command

Title
Network
Owner
UKPN
Description
The term network refers to the local 11 kV network. The local 11 kV network is monitored by the ESS in order to carry out a
number of the Portfolio Services, e.g. Peak Shaving is invoked when measured demand exceeds the given threshold.
Source
Privacy Classification
Retention Policy
Responsible Party
Attributes
Component
Status

UKPN
Public
Static data
UKPN; S&C; Younicos
Description of the network component which is being monitored.
The status and configuration of the local network

Title
Network Status
Owner
UKPN
Description
The status of the network component being monitored
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Source
Privacy Classification
Retention Policy
Responsible Party
Attributes
Component
Date/time
Measurement

RTU
Public
Static data
UKPN; S&C; Younicos
Description of the network component which is being monitored.
Date/time of the measurement
Type of measure:
•
•
•
•

Value

Settlement Metering Active / Reactive power
Network component active power
Network component reactive power
System Frequency

Value of measure

Title
Portfolio Service
Owner
FOSS
Description
A Portfolio Service will determine the way in which the battery will operate over a period determined within the Operational
Plan. The Portfolio Service is associated with a particular mode and may be either a Commercial Service or a service to support
the DNO network.
Examples of Portfolio Services are shown in Table 1. The attributes of the Portfolio Service are described by the Normalised
Service Portfolio and comprise parameters both configured by the Battery Manager, and derived by FOSS.
Source
Privacy Classification
Retention Policy
Responsible Party
Attributes
Short Description
Description
Operating Mode
Other Normalised Service
Portfolio Parameters

FOSS
Public
Static data
UKPN; AMT-SYBEX; S&C
Name that the service is configured as, e.g. STOR Season 1
A description of the service, e.g. Short Term Operating Reserve
The operating mode that enacts the service
The full list of Normalised Service Portfolio Parameters are shown in Appendix 10.1

Title
Service Provider
Owner
FOSS
Description
External Parties who are providing services to & from the Storage Device. For the purpose of the project there are two: The
Ancillary Service Provider and the Energy Supplier. Each Service Provider may be responsible for some or all of the services that
the storage Device offers and provide the prices for the relevant services offered.
Source
FOSS
Privacy Classification
Public
Retention Policy
Static data
Responsible Party
UKPN; AMT-SYBEX; S&C
Attributes
Service Provider
The name of the Service Provider
Portfolio Services
The Portfolio Service offered and managed by this provider
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Title
Service Prices
Owner
FOSS
Description
Service Prices provide the price for each of the relevant different Portfolio Services so that a cost for providing the service can be
determined. These costs will provide the relative merit of providing each of the different services for a specific scheduled period.
For many of the different services this may not be a single price, but a series of prices as they may have a standby component and
an utilisation component to the service, e.g. STOR, Frequency Response.
Different prices for the same service should not be overlapping.
Source
FOSS
Privacy Classification
Public
Retention Policy
Static data
Responsible Party
UKPN; AMT-SYBEX; S&C
Attributes
Portfolio Service
The pertinent Portfolio Service that the price applies
Effective Start time
The date/time at which the price of the service is effective from
Effective End time
The date/time at which the price of the service is effective to
Price
The price of the service
Title
Battery Outages / Availability
Owner
FOSS
Description
This data item describes any periods of time when wither part or all of the storage capacity is unavailable, due to maintenance
outages or failures.
Different outages/availabilities should not be overlapping.
Source
FOSS
Privacy Classification
Public
Retention Policy
Seven years
Responsible Party
UKPN
Attributes
Battery
Description of Battery, i.e. Leighton Buzzard
Start date/time
The date/time at which the battery’s outage/reduction in available is effective from
End date/time
The date/time at which the battery’s outage/reduction in available is effective to
Availability
The amount of capacity available (MW)
Title
Operating Mode
Owner
ESS
Description
The operating mode determines the way in which the battery will be controlled by the ESS. Each of the commercial services will
translate into a single operating mode.
A full list of the Operating Mode attributes required for each Mode is shown in Appendix 10.2.
Source
FOSS
Privacy Classification
Public
Retention Policy
Static data
Responsible Party
UKPN; AMT-SYBEX; S&C
Attributes
[Pt]
List of (n) triples of Active Power and Time per mode period including ramp type
[Qt]
List of (n) triples of Reactive Power and Time per mode period including ramp type
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Pabs (supply to grid)
Pabs (demand from grid)
Pabs
Qabs
Plimit
Qlimit
Slimit
Power Priority
N-1 flag

Target SOC
Target SOC Tolerance
Frequency Deadband (upper)
Frequency Deadband (lower)
Nominal Frequency (target)
Power at nominal frequency
Slope
Maximum response time
SoC Upper Limit
SoC Lower Limit
Pre-determined Duration
Voltage Deadband (upper)
Voltage Deadband (lower)
Vnom
dQ/dV
dP/dV
[Freq Trigger Parameters]
fmin
fmax
Start Trigger Source
Stop Trigger Source
Delay from trigger -> service

Maximum Real Power that can be exported. (Always positive)
Maximum Real Power that can be imported. (Always positive)
Signed power value contracted (based on ‘referenceArrowSystem’ defined)
Maximum Reactive Power that can be supplied to the grid (contractedReactivePower used for
Externally Triggered Mode)
Active Power threshold for peak shaving (substation loading limit)
Reactive Power threshold for peak shaving (substation loading limit)
and to improve power factor (minimising reactive power flow)
Apparent Power threshold for peak shaving (substation loading limit)
To allow the system decide whether to use P or Q control.
use 1 if this mode has priority - Used to allow ESS to distinguish priority of active/reactive power
in the event of parallel/combined services
If the n-1 condition parameter value is true, output is only delivered under an n-1 condition
(based on logic measured by ESS) when threshold is exceeded. If the n-1 condition parameter
value is false then output is always delivered when threshold is exceeded during scheduled
times. The default value is true.
state of charge target value
Allowed deviation from Target SoC

The power that will be provided at nominal frequency, default 0
Time (in secs) by which maximum contracted power must be delivered.
Time in seconds the system has to respond to the relevant trigger, default value is 2.
Ratio of available energy and rated nominal energy. If the limit is reached ESS will prevent power
demand. The default value is 1.
Ratio of available energy and rated nominal energy. If the limit is reached ESS will prevent power
demand. The default value is 0.
Duration of response once triggered

Nominal voltage
Amounts of change of Vars for a given change of voltage
Amounts of change of Watts for a given change of voltage
List of (n) triples of contracted power (kW), frequency threshold (Hz), and Direction (up/down)
to define a triggered frequency response behaviour - multiple can be provided
Min Frequency Limit
Max Frequency Limit
Source of the start trigger signal, via external interface
Source of the stop trigger signal, via external interface
Delay in providing response from point of trigger (Default 2)

Title
Schedule
Owner
FOSS
Description
The schedule contains a number of schedule slots which defines the services that need to be undertaken within a schedule.
Each schedule is uniquely identified.
Only committed schedules are actually enacted.
At any moment there is only a single active committed schedule (last one wins)
Source
FOSS
Privacy Classification
Public
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Retention Policy
Responsible Party
Attributes
Id
Status
Start Date/time
End Date/time
referenceArrowSystem

Seven years
AMT-SYBEX; S&C; Younicos
Unique identifier for each schedule
Schedule status; Committed, Uncommitted.
Start of the schedule
End of the schedule
Defines the convention of import/export for all modes ('Consumer' = -'ve Export, +'ve Import
(default). 'Generator' = +'ve export, -'ve import.

Title
Schedule Slot
Owner
FOSS
Description
A slot within a schedule covering a particular service window. Each slot, comprising of multiple half-hourly time slots, defines the
Portfolio service being orchestrated during the start and end times and via the operating mode that enacts the service. Each slot
will have its own parameters that determine the characteristics of the services being enacted.
Different services may run concurrently with other services and share the available operating capacity in the battery.
Source
FOSS
Privacy Classification
Public
Retention Policy
Seven years
Responsible Party
AMT-SYBEX; S&C; Younicos
Attributes
Id
Unique identifier for each schedule
Operating Mode
The operating mode that carries out the Portfolio Service
Start Date/time
Start of the specific scheduled service with the Schedule
End Date/time
End of the specific scheduled service within the schedule
Title
Customer Demand
Owner
FOSS
Description
The predicted customer demand at the Leighton Buzzard substation at half-hourly resolution
Source
FOSS
Privacy Classification
Public
Retention Policy
Seven years
Responsible Party
AMT-SYBEX
Attributes
Location
Location of the predicted demand
Date/time from
Date/time from
Apparent Power Demand
MVA
Reactive Power Demand
MVar
Active Power Demand
MW
Title
Metered Demand
Owner
FOSS
Description
The actual metered demand at the Leighton Buzzard substation at 1 second resolution
Source
SCADA; ESS
Privacy Classification
Public
Retention Policy
Seven years
Responsible Party
AMT-SYBEX;
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Attributes
Location
Date/time from
Active Energy
Reactive Energy
Apparent Energy

Location of the metered demand
Date/time from
kWh
kvarh
kVAh

Title
Weather Data
Owner
FOSS
Description
The actual and forecasted weather conditions at the Leighton Buzzard substation
Source
Met Office
Privacy Classification
Public
Retention Policy
Seven years
Responsible Party
AMT-SYBEX
Attributes
Location
Location of the predicted demand
Date/time
Date/time from
Temperature
Degrees Celsius
Wind Speed
Mph
Wind Direction
Bearing from North
Weather Type
Expressed as a code value
Visibility
Expressed as a code value
Humidity
Expressed as a %
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4.4 Data Interfaces
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Figure 10 shows a summary of all data interfaces required across the SOCS solution.

Figure 10 SOCS Data Interfaces

The details regarding each data interface between the different sub-systems within the SOCS architecture are
described in the table below. The mechanisms behind each of the interfaces are described in Section 5.6.

ID#

Data/User
Interface

Data Source

Data Destination

Description

1

Battery Schedule

FOSS

ESS/Service
Provider/ Energy
Supplier

Battery Schedule and schedule slots
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ID#

Data/User
Interface

Data Source

Data Destination

Description

1a

Battery Schedule
Acceptance

ESS

FOSS

Acceptance of the Schedule

2

Service
Instructions

Ancillary Service
Provider (KOMP)

ESS

Instructions to activate a scheduled service (where relevant),
e.g. STOR start/stop instructions.

2a

Service
Instructions
Responses

ESS

Ancillary Service
Provider

Response to Service Instructions. Also copied to the FOSS.

3

Battery Status

ESS

FOSS/PI/ENMAC

Data regarding the status of the battery to inform FOSS of
changes to network or battery states, and deviations from
schedule.

4

Network Status

Local Network

ESS

Data regarding the status of the network, describing running
configuration, demand etc.

(and then relayed
to other systems:
FOSS/KOMP)
5

User

ESS User interface

ESS

User interface to monitor and Control the ESS.

6

User –SCADA
control from
ENMAC

ENMAC

ESS

User interface to monitor and Control the ESS via ENMAC.

7

Historical metering
data.

PI

FOSS

Historical network data

8

Service
Parameters &
Prices

Service Provider/
Energy Supplier

FOSS

Service Prices

9

Weather Data

Weather Data
Provider

FOSS

Information relating to forecast Weather Data.

10

User (FOSS)

Internal UKPN
User

FOSS

User interface to monitor and control forecasting and
scheduling behaviour of FOSS.

Will have indirect control of the battery via SCADA.

Interfaces allow:
•
•
•
•
•

Schedule Management – Run, View, Approve,
Commit.
View Schedule, schedule run-time messages.
View Battery performance.
Service Definition
Battery Outages
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5 Application Architecture
5.1 Overview
The solution consists of two main new sub-systems FOSS and ESS. There are other UK Power Networks and non-UK
Power Networks hosted systems that are part of the complete system architecture and these are:
• KOMP (KiWi Operational Management Platform), externally hosted and used by the Ancillary Service Provider;
• The Met Office application interface, externally hosted;
• ENMAC, the UK Power Networks’ operational SCADA system;
• PI, the UK Power Networks’ SCADA Data Historian.
Both the FOSS and ESS applications will be new to the UK Power Networks’ landscape and are being developed from
existing supplier development platforms. The FOSS will be based on Affinity Suite, which is an existing AMT-SYBEX
application.
The ESS comprises of three main components, which are based on platforms developed by Younicos (BESSM &
BESDM) and S&C Electric (SMS):
• BESSM – Battery Energy Storage System Management;
• BESDM – Battery Energy Storage Device Management;
• SMS – Storage Management System.
The only existing UK Power Networks’ applications that are impacted by the SNS project are the ENMAC and PI
systems. The impact on these systems is relatively minor: the ENMAC system will see the Storage Device via the ESS
and is presented as a SCADA device to ENMAC that can be directly and indirectly controlled by SCADA (via
Distribution Network Protocol (DNP3)) commands.
The PI system will be used in the SNS architecture to store ESS operational data (via the SCADA network), i.e. provide
data warehousing facilities, and also to provide historical demand data to the FOSS for demand forecasting.
In addition to the major components listed above the complete SNS solution interfaces to some external systems. The
KOMP is the operational platform that KiWi Power, the Ancillary Service Provider, uses to despatch its portfolio of
generation/demand reduction providers. The SNS installation will need to be able to accept despatch signals and also
provide real-time monitoring back from/to KOMP. This will be restricted so that despatch signals are only acted upon
when ESS is operating in the correct mode, scheduled by FOSS.
The Weather Data provider (Met Office) has an interface into FOSS so that actual weather and forecasts data are
available for the demand forecasting function component of FOSS.
Each sub-system has a distinct set of non-functional requirements that lead to the different hosting requirements of the
two different systems and these are detailed below in Section 6.
There is a clearly defined interface that separates the FOSS, ESS & KOMP systems and communication between
these sub-systems will be provided via the UK Power Networks’ Enterprise System Bus (ESB), which is further
described in Section 6.3.3.
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5.2 Logical Application Architecture Diagram
Figure 11 shows a logical view of the full SOCS architecture depicting all the major sub-system interfaces. These
different interfaces are described further in Section 5.6. Internal sub-system interfaces are considered out-of-scope of
this document, and are the responsibility of the supplying project partners.
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Figure 11 SOCS Logical Architecture

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 41 of 103

Smarter Network Storage
Logical Architecture Design Document (LADD)

5.3 Application Components
Software Component
(Version)

Explanatory Notes

System [Supplier]

BESSM Server

The BESSM system is the front-end system of ESS that interfaces to
other systems and presents itself to Users. It controls, operates
and monitors the storage device sited at the Leighton Buzzard
substation. This is a completely new system. Developed on the
Zenon SCADA platform.

Energy Storage System (ESS)
[Younicos; COPADATA]

The BESSM client.

Energy Storage System (ESS)
[Younicos; COPADATA]

•

BESSM SCADA

•

BESSM Control

•

BESSM MQ

BESSM HMI

The BESSM is a thick client that allows Users to monitor and take
direct control of the storage device. Developed on the Zenon
SCADA platform.

BESDM

Battery Energy Storage Device Management (BESDM) for each
1.25 MVA Inverter Section, managing the Power Conversion
System (PCS) and all Samsung SDI battery racks connected to the
PCS as a logical Battery Energy Storage Device (BESD).

Energy Storage System (ESS)
[Younicos]

SMS

Storage Management System, which controls the sets of PCS units,
typically comprises a Master control and 1 or more PCSs that take
commands from a SCADA protocol such as DNP3 or Modbus. Each
Inverter will have its own Master control such that an SMS is a
combination of a Master, Inverter and Chopper capable of 1.25
MVA.

Energy Storage System (ESS)
[S&C]

SMS HMI

The SMS has a HMI to monitor the status of the storage device.
This component is not used in the routine activities surrounding
the Storage device and primarily used for commissioning and
support activity.

Energy Storage System (ESS)
[S&C]

FOSS Application

FOSS provides a schedule which the ESS will follow. This is a
completely new system.

Forecasting, Optimisation &
Scheduling System) (FOSS) [AMTSYBEX]

FOSS Webserver

FOSS webserver provides the User access to the FOSS

FOSS Database

FOSS database hold the historical data for the SNS system.

FOSS IBM
WebsphereMQ
Message Client

Provides the client interface on the ESB

KOMP IBM
WebsphereMQ (or
MQTT Compatible)
Client

KiWi Operational Management Platform. Externally hosted and
not used by UK Power Networks. Sends despatch instructions to
the other components linked via the ESB

KOMP (KiWi Power)

PI SCADA

SCADA Data Historian; existing system

PI (OSIsoft)

PIWebserivces

SCADA Data Historian WebServer; allows systems to interface with
the PI system

PI (OSIsoft)

Oracle
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Software Component
(Version)

Explanatory Notes

System [Supplier]

ENAMC (PowerOn) HMI

SCADA Control System; existing system

ENMAC (PowerOn) (GE)

PowerOn FEP

SCADA Control System; - UK Power Network’s existing Network
Management System

ENMAC (PowerOn) (GE)

Leighton Buzzard
Primary RTU (T5500)

SCADA Control, new RTU

SCADA (GE)

IBM Websphere MQ/

Provides the messaging layer (ESB) for the sub-systems to
communicate. Provides resilience and data persistence.

IBM Integration Bus (IBM)

IBM Integration Bus

5.4 ESS Application
5.4.1

Overview

The ESS comprises three main layers of control of the storage device, which are illustrated in Figure 12:
•
•
•

BESSM – Battery Energy Storage System Management;
BESDM – Battery Energy Storage Device Management;
SMS – Storage Management System (comprising Master Controllers and lower-level components).

The BESSM system ensures the functionality of the whole storage device and is responsible for the best usage of the
system. The BESSM is divided in two parts BESSM Control and BESSM SCADA.
The BESSM SCADA component is responsible for the connection to the external SCADA system (in UK Power
Networks’ case; ENMAC), the RTUs for receiving the status and measurements of the network equipment, e.g. circuit
breakers and current transducers. An HMI is also provided for the SCADA system of BESSM.
The BESSM Control realises the scheduling interface to FOSS and KOMP. It is responsible for:
• Accepting and validating schedules, and scheduling service execution
• Mode realisation by active and reactive power set point computation
• Dispatching the power set points in real time to the BESDMs
The BESDM system is a logical control unit which controls the state and power of the inverter via the SMS. The
BESDM connects to BESSM SCADA, and manages the multiple BESD groups that make up the storage system.
At the lowest layer the battery racks are controlled by a Rack Battery Management System (BMS). The inverter control
itself is layered in two, which comprises the Master Controller, which controls the DC/AC inverter, and the Chopper
Controller, which controls the DC/DC conversion.
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Figure 12 - ESS Logical Architecture
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5.4.2

BESSM Control

5.4.2.1 System Initialisation
On initialisation, the BESSM Control carries out a range of internal sub-system checks and initialisation processes to
ensure that the system is safe to operate and that the system is stable, communications are established and the
system is free of alarms and in a ready state. The full list of pre-conditions and initialisation steps are available on
request.

5.4.2.2 ESB Interface
BESSM will communicate with FOSS and KOMP over the UK Power Networks’ ESB. It will follow the standards and
guidelines described in Section 0. The following Sections describe the particular data items that will exchanged on the
ESB.

5.4.2.3 Schedule Request
A schedule request will contain a unique ID, a start and end time and a number of schedule slots (that include the
operation mode and the associated parameters for each mode) which should be executed during this schedule.
Each schedule slot has a mode, a start time and an end time. All time values shall be given in UTC time. The start time
shall always to be at least 30 minutes before the end time.
A reference arrow system can also be defined at a schedule level which defines the sign convention for import and
export set points in modes that use these parameters. When set as ‘consumer’, positive set point values indicate
demand/import and negative values indicate supply from the storage. When set as ‘generator’, the convention is
reversed.
The various modes and data passed within the message are described below. The full set of modes and parameters,
including definitions and explanatory comments, is also shown in Appendix 10.2.
5.4.2.3.1

Direct Control - Power Set Point Mode

In the Power Set-Point mode, BESSM executes a number of active and reactive power set-points according to the
provided sequence and ramp-type. The sequence of reactive power set points is optional.
At the time defined in the sequence the requested power set-point is applied. There are two possible ramp types
defining the change of the power between two subsequent set-points:
•
•

Constant: The power set-point is applied at the given timestamp and kept constant until the next time given by the
next entry in the sequence or until the end of the mode.
Ramp: The power set-point is applied at the given timestamp and the power is linearly ramped to the power setpoint of the next entry in the list or to 0 at the end of the mode.

The time values of the active and reactive power sequences have to be in ascending order. The minimal time
difference of two sequenced values is 1 second.
The data parameters required are therefore:
• Mode start
• Mode end
• List of real power set point triples containing real power, time and ramp, [Pt]
• List of reactive power set point triples containing reactive power, time and ramp, [Qt]

5.4.2.3.2

Direct Control - Target SOC Mode

During this mode BESSM supplies or demands the power which is necessary to reach a supplied SOC target at the
end of the mode by using power within the given range.
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 45 of 103

Smarter Network Storage
Logical Architecture Design Document (LADD)

This mode will typically be used to bring the state of charge of the storage within an appropriate threshold in
preparation for the next service, and is scheduled automatically by FOSS.
The data parameters required are therefore:
• Mode start
• Mode end
• Pabs (supply to grid)
• Pabs (demand from grid)
• Target SoC
• Target SoC Tolerance
5.4.2.3.3

Automated Control – Power Threshold Mode

In Automated Control Power Threshold Mode, the system dynamically responds to specific real or reactive network
measurements and attempts to minimise deviation of total real or reactive power over given thresholds. This can be
used for example to maintain total site demand within a certain limit. Two conditional parameter settings are used to
describe both an active and reactive power threshold. At least one of the threshold parameter settings has to be used.
A power priority can be provided to inform the system whether to prioritise real or reactive power. The used threshold
setting has to be aligned with the power priority parameter. The minimal requirement is that if the power priority is
reactive power, at least the reactive power settings has to be used and if the power priority is active power, then at
least the active power settings have to be used.
A flag can also be provided which determines whether the response will be provided during all network operating
conditions, or only during N-1 conditions.
If the sum of the active power at the circuit breakers (CB1 and CB2) reaches the limit given by the real power threshold
parameter, BESSM supplies power to the grid to keep the power at the point of coupling below the threshold. The
required power is determined by a PID control algorithm.
If the sum of the reactive power at the circuit breakers reaches the limit given by the reactive power threshold
parameter, then BESSM supplies reactive power to the grid to keep the power at the point of coupling below the
threshold. If both conditional parameter settings are used BESSM will provide power according to these settings and
the network conditions. BESSM will first use the active or reactive power to control the network power according to the
power priority setting.
The data parameters required are therefore:
• Mode start
• Mode end
• Pabs (supply to grid)
• Plimit
• Qabs
• Qlimit
• Slimit
• Power Priority
• N-1 flag

5.4.2.3.4

Automated Control - Frequency Response Mode

In the Automated Control Frequency Response Mode BESSM realises a frequency dependent power output according
to the droop settings given by the mode parameters. The mode parameters describe the response curve as shown in
Figure 13.
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Figure 13 – Frequency Response Droop

The optional parameters ‘SoC Upper Limit’ or ‘SoC Lower Limit’ can be used to stop the power delivery in case these
energy limits are reached. In addition BESSM will stop the power supply/demand if the power has been supplied or
demanded for the given pre-determined duration.
If a slope parameter is provided, then the supplied power will be increased in time according to the slope definition,
otherwise the required power will be supplied immediately.
The following conditions have to be fulfilled:
• frequency max power to grid (Pabs supply) ≤ lower deadband ≤ nominal frequency ≤ upper deadband ≤
frequency max power from grid (Pabs demand)
• 0 ≤ SoC Lower Limit < SoC Upper Limit ≤ 1
The data parameters required are therefore:
• Mode start
• Mode end
• Pabs (supply to grid)
• Pabs (demand from grid)
• Frequency Deadband (upper)
• Frequency Deadband (lower)
• Nominal Frequency (target)
• Power at nominal frequency
• fmin
• fmax
• Slope
• Maximum response time
• SoC Upper Limit
• SoC Lower Limit
• Pre-determined Duration
5.4.2.3.5

Automated Control - Voltage Response Mode

In the Automated Control Voltage Response Mode, BESSM provides reactive and/or active power to control the
voltage at the primary substation site. It is configurable by the used droop parameter setting whether reactive and/or
active power is used to control the voltage. The droop setting is defined by the sets of parameters below, as illustrated
in Figure 14:
• “droop_kVA_per_V” and “maxReactivePower”; and
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 47 of 103

Smarter Network Storage
Logical Architecture Design Document (LADD)

•

“droop_kW_per_V” and “maxPowerToGrid” and “maxPowerFromGrid”

Figure 14 - Voltage Response Droop

These sets are conditional parameters, which means that at least one of the sets has to be given in the parameter
setting. The target voltage is given as absolute nominal value and the allowed dead band given by an upper and lower
parameter value. The active and reactive power at the reference voltage are always 0 and droop is always symmetric
to the reference voltage.
The data parameters required are therefore:
• Mode start
• Mode end
• Pabs (supply to grid, “maxPowerToGrid”)
• Pabs (demand from grid, “maxPowerFromGrid”)
• Qabs (maxReactivePower)
• Voltage Deadband (upper)
• Voltage Deadband (lower)
• Vnom (reference voltage)
• dQ/dV (droop_kVA_per_V)
• dP/dV (droop_kW_per_V)

5.4.2.3.6

Constant Power Control – Externally Triggered Mode

This mode provides fixed contracted power in response to an externally provided despatch signal. Upon receiving the
external trigger, BESSM supplies (with a delay given by the parameter “delayFromTrigger”) the required power. The
power is supplied for the time in seconds defined by the parameter “predeterminedDuration”. The power delivery will be
stopped, if the mode end time or duration is reached.
The contracted power level parameters are conditional such that, either a contracted real power or a contracted
reactive power set point must be provided, or both.
If a slope parameter is provided, then the supplied power will be increased in time according to the slope definition.
Otherwise the contracted power will be supplied immediately.
The data parameters required are therefore:
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 48 of 103

Smarter Network Storage
Logical Architecture Design Document (LADD)

•
•
•
•
•
•
•

Mode start
Mode end
Pabs (Signed value indicating import or export, based on reference arrow system being used))
Qabs
Slope
Pre-determined Duration
Delay from trigger

5.4.2.3.7

Constant Power – Frequency Threshold Trigger Mode

In Frequency Threshold Trigger Mode, BESSM provides different levels of fixed, contracted power in response to a
deviation over a range of supplied frequency thresholds. A list of triples containing specific frequency thresholds and
contracted power set points is provided, allowing for multiple levels of response, or bi-directional response to be
provided. A direction parameter indicates the direction in which measured frequency must cross the threshold for the
response to be triggered.
The power is supplied after a given delay, if this is optionally provided.
On first crossing of a single frequency threshold, the power is supplied for the time in seconds defined by the
parameter “predeterminedDuration”. On reaching a new frequency threshold, the new power is provided for the predetermined duration. The power delivery will be stopped, if the mode end time is reached or the pre-determined
duration is fulfilled.
If a slope parameter is provided, then the supplied power will be increased in time according to the slope definition.
Otherwise the contracted power will be supplied immediately.
The data parameters required are therefore:
• Mode start
• Mode end
• List of triples of contracted power, frequency threshold and direction, [Pabs, flimit, direction]
• Slope
• Pre-determined Duration
• Delay from trigger

5.4.2.4 Schedule Response
All schedule requests sent from FOSS to BESSM will be answered by a schedule response. This response contains an
acceptance of the schedule, or a rejection with one or more error messages. In case of a rejection, the complete
schedule with all included modes is rejected. This is also true, if only one contained mode leads to an error.

5.4.2.5 Schedule Handling
The schedule will generally cover a 24 hour period although this period could be extended. The schedule will initially be
broken down into 30 minute intervals although again this could be amended in future.
There are a number of different ways in which services may be scheduled. Each individual service can be delivered
exclusively throughout a day, or a number of services may be delivered within a day. Additionally the available capacity
of the battery may be split so that services can also run in parallel with one another.
The schedule implementation therefore needs to cater for the following scenarios:
1.
2.
3.

One Mode planned for a day
Multiple Modes planned for a day with no overlapping time slots
Multiple modes planned for a day with overlapping time slots
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A schedule contains only periods of modes, and associated parameters. If there are times within the schedule start and
end time where no mode is defined, or there is no valid schedule, the BESSM will be in the idle state and does not
provide any active or reactive power to the network.
A schedule is always exclusive, which means that there can never be two active schedules covering the same time
period – the latest scheduled will always replace the older schedule. When schedules are sent to the battery by FOSS
it is important that they are correctly sequenced and aligned with one another.
5.4.2.5.1

Schedule Validation

The schedule validation is done according to the following:
XSD validation: the message must conform to the designed XSD schema, which is available on request.
Time validation: All time intervals must be valid (start time before end time)
Time period validation: Mode intervals must be contained in schedule interval
There is no validation regarding the available energy as BESSM is unable to calculate the available energy at the
beginning of the schedule and if a specific mode will be executed, e.g. triggered.
5.4.2.6 Status Information Reporting
The BESSM will report information to FOSS about how the energy storage device has performed in relation to the
requested schedule as well as associated information required to re-trigger the optimisation process. The events that
will be reported are:
• Schedule start – the id, start and end time of the schedule just started
• Schedule end – the id, start and end time of the schedule just finished
• Mode start – the id, start and end time of the schedule slot just started
• Mode end – the id, start and end time of the schedule slot just finished
• Internal trigger – the type and timestamp of any internal service triggers that have occurred
• External trigger – the source, type and timestamp of any external service triggers that have occurred
BESSM will also report on a configurable regular basis the following key information to interested parties:
• Energy Notification – the currently available energy in the storage system
• Power Notification – the current power for all running modes

5.4.3

BESSM User Interface

The BESSM User Interface provides the following functionality:
• Views of overall site layout
• Alarms and (visual) diagnostics
• Monitoring of battery plant in different views (plant view, battery/inverter view [BESDs], rack view) for status
and measurement reasons
• Electrical Schematic views of battery sub-systems
• Operation of battery plant via BESD’s connections, i.e. manual control on BESD level
• Enable/disable of single battery racks
• Enable/disable of a BESD
• Control of active and reactive power on BESD level by providing set points
• Manual control of active and reactive power of the BESSM by providing set points
• Monitoring and operation of individual PCS switchgear for isolation of inverter units
• Archiving of main data from operation and alarms
• Reporting functionality, including visualisations of system output
Examples of screen shots showing these user interfaces are shown below (indicative only):
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Site Layout view interfaces:

Alarm and Event View Interface:

Battery monitoring interfaces:
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Battery Schematic Interfaces:

Reporting / Visualisation Interface:
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5.4.3.1 User Roles
BESSM provides the following four user roles:
Viewer/Observer
The viewer/observer can see all status and measurement data. Users in this user group are not allowed to do any
manual control.
Operator
Operator users have the following characteristics:
• Users in the operator group own the same rights as of viewers group.
• Users of the operator group are allowed for reading/accepting warnings and alarms of BESSM.
• Users of the operator user group are allowed to manually control BESSM or BESDs. In case manual control is
activated then all schedules are invalidated and no schedules are accepted in manual control mode.
Manual control of BESSM allows:
• Operational control of the individual inverter circuit breakers
• Control of active and reactive power of the BESSM by providing set points
Manual control at BESD level includes.
• Enabling/disabling of single battery racks
• Enabling/disabling of a BESD
• Control of active and reactive power on BESD level by providing set points
Manual control on the BESD level includes manual control of the BESSM, i.e. if a user takes over the manual control of
a BESD, the complete BESSM is in manual mode. In the case of manual power control at BESD level, then the manual
power control (power set points) on BESSM level are invalidated.
Report user
Users of the report user group own the same rights as of viewers group.
Users of this group are further enabled viewing the defined reports of BESSMs SCADA system.
Administrative user
Users of this user group have all permissions of the operator user group. In addition they have the rights for system
updates. The super users are reserved for maintenance.
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5.5 FOSS Application
5.5.1

Overview

The Forecasting, Optimisation and Scheduling (FOSS) solution is being delivered using a number of components from
the existing Affinity Suite from AMT-SYBEX, and also modules that require bespoke development. Many of the
algorithms used in the production of these modules have been jointly developed with Newcastle University. The
algorithmic approaches for demand forecasting and schedule optimisation used have been documented in Sections
3.3.3.2.2 & 3.3.3.2.4 and their realisation is described below.
The FOSS solution has three key functional areas: Forecasting, Service Management & Optimisation as shown in
Figure 15.

Figure 15 - Functional Components of FOSS

•

The Forecasting module is responsible for predicting times at which the network will reach an ‘over-firm’
capacity and therefore require a service from the ESS to support the network. The forecasting algorithm has
been developed by Dr Neal Wade of Newcastle University and will be implemented within the SOCS solution
by AMT-SYBEX.

•

The Service Management module is responsible for managing all the potential services which can be provided
by the energy storage system (ESS). The various services come from the following sources:
o DNO services will be produced as an output from Optimisation
o ‘Maintenance‘ services will be created manually via the user interface. These are services such as
ESS or Network outages which may require a period of time to be blocked out in the schedule
o Other External (Commercial) Services. These services are created manually via the user interface.
The output of the service management module will be a normalised service portfolio which will then act as the
input to the optimisation process.
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•

The Optimisation module will run an optimisation algorithm that will produce a schedule containing an optimal
plan of the different services that can be executed by the storage device. The algorithm will look at all the
services which are requesting use of the ESS and optimise them into a schedule which will make best financial
use of the ESS. A schedule will be produced for a range of time periods from day ahead, week ahead, month
ahead, 3 months ahead and 12 months ahead.
The schedule will be made available to all third parties via the user interfaces and functionality will be provided
which will allow the third parties to update the status of the underlying services. A day ahead, the confirmed
schedule will be converted to a schedule of modes and sent to ESS.
Within Optimisation, the Performance Management function also carries out two main tasks:
o It will compare what was scheduled versus what actually happened and provide a view of this via the
user interface
o It will analyse the state of the ESS with respect to the upcoming schedule and re-trigger the
optimisation process if required.

The various Affinity Suite modules being used for FOSS are part of Affinity Networkflow which is a Network Data
Management product designed to assist electricity network operators in their transition to smarter networks. Built on
proven Affinity Suite components, Networkflow is an efficient data management tool which provides a suitable platform
to develop FOSS. The various components within this being leveraged are:

Mail Handler

The mail handler provides a mechanism to send / receive industry flows via e-mail.
It can manage the processing of zip & password protected files and the conversion to / from
spreadsheet formats.
Within FOSS this component is used to manage user communication and alerting

VEE

This module provides Validation, Estimation and Editing of both interval and register read data
received from the meter. The validations and estimation routines which are applied are
configurable using Meter Groups, Validation Groups and Estimation Groups.
A number of ‘out of the box’ validations are available and additional validations can be
configured as part of an implementation project.
Editing is provided by the ‘work queue’ and ‘manual estimation’ user interface.
Within FOSS this component will be used to validate and estimate data received from external
systems – specifically historic demand data from PI and weather data from the Met Office.

CIM Data Model

The CIM data model has been derived from the CIM UML class hierarchy. It includes classes
and class members that will be needed, but also allows creation of a highly extendable model
that will accommodate new entities and relationships with ease. These can be introduced via
configuration.
The Configuration of equipment relations enables Networkflow to easily link equipment
together for aggregation. For example measurements such as consumption can be aggregated
at multiple levels in an asset hierarchy such as by concentrator, by transformer, by feeder, by
phase.
We have also provided a number of integration services which allow an external system to add
/ update and remove entities and relationships in the data model.
Within FOSS this component is being used to manage relationships between Site (Leighton
Buzzard), Storage Device and Weather Stations

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 55 of 103

Smarter Network Storage
Logical Architecture Design Document (LADD)

Demand
Forecasting

The Demand forecasting module provides a framework which can be used to defined different
models for demand forecasting based on historic interval data (e.g. demand or weather) held in
the system.
An existing demand forecasting mechanism is available which is based on a simple increase
/decrease in demand based on a change in temperature. More complex mechanisms will be
developed and implemented as part of the SNS project.
Within FOSS this component is being used to implement the MLR forecasting model
development by Newcastle University.
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5.5.2

Data Model

Substation

Calendar

Energy Storage
Device

Current Mode

Time-Series Data

Service Schdeule

Actual Mode Schedule

Battery Mode Schedule

Actual State of Charge

Weather Station

Time-Series Data

Forecast Weather

Actual Weather

+ Wind Speed
+ Wind Direction
+ Temperature
+ Weather Type
+ Visibility
+ Humidity

+ Wind Speed
+ Wind Direction
+ Temperature
+ Weather Type
+ Visibility
+ Pressure

Time-Series Data

T1 Current (Amps)

Total Demand (MVA)

T1 Voltage (kV)

Forecast Demand (MVA)

T2 Current (Amps)
T2 Voltage (kV)

Key
Equipment

Actual Time Series Data

Calculated / Derived Time Series Data

Reference Data

5.5.2.1 Equipment Hierarchy
In order to support the Demand Forecasting process, a number of pieces of equipment and associated data need to be
defined in the system.
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5.5.2.2 Substation
The substation entity will hold details of the Leighton Buzzard site including:
•
•
•
•
•
•
•

Name
Address
Postcode
Geographic Information System (GIS) Reference (Latitude & Longitude)
Unique Reference to site in PI Archive
Capacity in MVA
Capacity Tolerance (%)

In addition the sub-station will also be linked to the following sets of interval data:
•
•
•

T1 & T2 Current in Amps, T1 & T2 Voltage in kV. This is actual instantaneous interval data which will be
obtained on a regular basis from PI archive
Total Demand in MVA. This is half hourly interval data that will be calculated by the system using the data
provided from PI.
Forecast Demand in MVA. This is the output from the demand forecasting algorithm

Finally, the substation will also be associated with a calendar that can be used to define days which are to be treated
as ‘exceptional’ e.g. bank holiday, royal wedding, sporting event. The calendar will hold details of a scaling factor which
is to be applied to the forecast demand.
The sub-station will be associated with the following equipment:
•
•

Weather Station
Energy Storage Device

5.5.2.3 Weather Station
The weather station entity will hold details of the closest weather stations to the Leighton Buzzard site. Each weather
station will be identified by name and a sequential internal weather station id and will also store the following key
attributes:
•
•
•

Address
Postcode
GIS Reference (Latitude & Longitude)

In addition the weather station will also be linked to the following sets of interval data:
•

Forecast Data (3 hourly but estimated to half hourly)
o Wind Speed (mph)
o Wind Direction
o Temperature (Celsius)
o Weather Type (code value)
o Visibility (code value)
o Humidity (%)

•

Actual Data (hourly but estimated to half hourly)
o Wind Speed (mph)
o Wind Direction
o Temperature (Celsius)
o Weather Type (code value)
o Visibility (m)
o pressure (kPa)
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5.5.2.4 Energy Storage Device
The energy storage device entity will hold details of the battery installed at the Leighton Buzzard site. The following key
attributes will be stored:
•
•
•
•
•

Battery ID
Serial Number
Address
Postcode
GIS Reference (Latitude & Longitude)

In addition to the standing data, a record will also be held of the
•
•

Current battery mode
Current state of charge

The following interval data will also be associated with the energy storage device
• Current in Amps, Voltage in kV from the circuit breaker connecting the storage device to the 11kV network.
This is actual instantaneous interval data which will be obtained on a regular basis from PI archive
In addition the weather station will also be linked to the following sets of interval data:
• Calendar Data
o Service Schedule
o Battery Mode Schedule
•

5.5.3

Interval Data (Minute)
o Current Battery Mode
o Current State of Charge / Available Energy

Application

5.5.3.1 Demand Forecasting
5.5.3.1.1

Input data

The following describe the primary inputs into the demand forecasting module:
5.5.3.1.1.1 Calendar
The days for which the forecast is undertaken
• Half-hour (HH) 1-48
• Day (D) 1-7
• Month (M) 1-12
5.5.3.1.1.2 Measured Demand
The historic total demand data is required for the Leighton Buzzard site, which is derived from the following:
•
•
•
•

Current in Amps from Primary T1 & T2 (measured from CB1 and CB2 – see Electrical Design Diagram in
Section 3.3.1)
Voltage in kV from T1 & T2
Current in Amps injected/absorbed by the storage device (measured from CB5 – see Electrical Design in
Section 3.3.1)
Voltage in kV from CB5

This data will be retrieved from PI archive on a regular basis and loaded into the Networkflow database. As part of the
data load process, validation of the data is required to ensure that it is consistent. The validation will check the
following:
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•

There is no duplicate data for an individual half hour period. If duplicate data is found then the first value in the
file (for the half hour period) will be taken.

•

There are no gaps in the data. If a gap is found then the data will be estimated using the ‘like days’ method.
Like days will be defined as the same day for the previous three weeks.

•

If data cannot be automatically estimated then as a fall-back position the file will not be loaded and an
exception will be raised for manual investigation.

Once the source data has been loaded, Networkflow will calculate the ‘Total Demand’ and store this data as another
set of interval data.
The calculation for this is:
= (T1Current x T1Voltage x SQRT(3)/1000)+(T2Current x T2Voltage x SQRT(3)/1000)
+(CB5Current x CB5Voltage x SQRT(3)/1000)

5.5.3.1.1.3 Meteorological
The followings meteorological data items are required to drive the demand forecast
• wind direction,
• wind speed (mph),
• temperature (Celsius),
• weather type,
• visibility (m),
• relative humidity,
The data will be retrieved on a daily basis via a scheduled process. Once the weather data is received it will be loaded
into a new profile for each weather type. The demand forecasting model requires all input data to be in 30 minute
intervals. Therefore, as the Met Office data is received in either 3 hourly or 1 hourly intervals, this needs to be validated
and estimated prior to being used in the model.
Once the data has been loaded, it will be subject to validation in order to identify missing intervals and then estimated
using the ‘linear interpolation’ mechanism.
5.5.3.1.1.4 Long term growth trend
Long-term changes to installed demand capacity at Leighton Buzzard, for example through connections growth, and
natural load growth are taken into consideration by providing an annual load-growth (or decrease) trend into the FOSS
application.
This is entered manually by the Battery Manager during the initial stage of configuration.

5.5.3.1.2

Forecasting Algorithm

The chosen method for forecasting, as described in Section 3.3.3.2.2, is a multiple linear regression (MLR) as this will
provide a transparent, easily calculable online solution that clearly links the causal data to the resulting demand. The
accuracy is expected to be acceptable and the model can be updated in an off-line process if performance falls below
the necessary level.
An MLR is expressed as a summation of pre-calculated 𝛽𝑖 terms (with 𝑖 = 0, 1, … , 𝑛), explanatory variables 𝑋𝑖 (with
𝑖 = 1, … , 𝑛) and an error term, 𝑒 representing the forecasting error. When combined this gives
𝑌 = 𝛽0 + 𝛽1 𝑋1 + 𝛽2 𝑋2 + ⋯ + 𝛽𝑛 𝑋𝑛 + 𝑒.

The 𝛽𝑖 terms are calculated off-line in a study that examines the correlation between all of the explanatory variables
that are available and considered to have a causal effect on the demand.
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The variables that are significant factors in explaining the demand pattern are drawn from the input data items
described above. They may be used as an individual term, or combined to lagged (HH − i, D − j, ...) and forecast (HH
+ k, ...) versions of relevant portions of data above. There are changes to the availability and accuracy of information
available at the differing timescales on which demand forecasting is required. This means that the terms taken into the
MLR change depending on timescale.
The implementation process will confirm which variables are explanatory; however the design process has identified
those that need to be implemented in the forecasting system as given below for the different time-scales:
1. Long-term/medium-term (anything greater than two weeks)
•
•
•
•
•
•

Underlying growth trend (manual input derived from DNO’s load growth/new connection measures) [%]
Expected temperature in target HH [T]
Square of expected temperature in target HH [T^2]
Day of week [1-7]
Month of year [1-12]
Daylight saving flag [0, 1]

2. Short term (two weeks or less)
•
•
•
•
•
•
•
•

Measured demand at HH in previous similar day [S_("lag" _n), n=[1,3,7]]
Forecast temperature in target HH [T]
Forecast temperature in period before target HH [T]
Square of forecast temperature in target HH [T^2]
Wind speed in target HH [v_"wind" ]
Day of week [1-7]
Month of year [1-12]
Daylight saving flag [0, 1]

In an off-line process, the main-correlations and cross-correlations between demand and the available variables will be
quantified. This will yield values for the MLR term coefficients (𝛽𝑖 terms) (reference 5).
When adding an explanatory variable (𝑋𝑖 ) to the model, it will be possible to also specify the exact data which is used
from one of the following options:
• Target HH
• Period Before Target HH
• Like Day
• Square of Target HH

Using the algorithm defined above, the user will be able to define a number of different forecasting models. Each model
will be associated with a half-hour (1-48), day (1-7 or 8 for a special day), or month (1-12). Each model will then have
varying combinations of β and X.
In theory this approach allows a maximum of 4608 models to be defined, however in reality the number configured will
be far fewer.
Within the forecasting model it will be possible to specify a ‘special day’ e.g. a bank holiday. A day will be regarded as
a special day if it has an entry in a user defined ‘calendar’. New calendars and special days associated with a calendar
can be defined using existing admin screens of FOSS.
The FOSS application will monitor the performance of the demand forecasting algorithm so that poor performance is
reported. This information will indicate that an offline update to the MLR terms should be performed.
When the demand forecast is run, for the first half hourly in the forecast period, the system should identify the
appropriate MLR model and then carry out the calculation for demand within that half hourly period. This process
should then repeat for each half hour in the forecast period. Exceptions should be raised and the process set to failed
if:
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•
•
•

5.5.3.1.3

An MLR model cannot be identified for a half hour period
Explanatory variables cannot be found based on those specified in the model
Any other unexpected system error is encountered

Forecast Scheduling

In order to ensure that the most accurate demand forecast is always fed into the optimisation process, the forecasting
model will be run on a scheduled basis with a number of different parameters and forecast horizons. In order to see
how or if the demand forecast is improving over time, the results from each run and each time period will be stored as
separate sets of interval data. In line with the optimisation process, the forecast horizons are expected to be:
•
•
•
•

Long Term (covering 24 weeks) run every 12 weeks
Medium Term (covering 8 weeks) run every 4 weeks
Short Term (covering 2 weeks) run every week
Immediate (covering 48 hours) run every day

This means that for any given day, once all forecasting models have been run, 4 separate sets of data will have been
created.

Figure 16 - Schedule Data Set Time Horizons

Each time a new forecast is run for a specific time period the data is appended to the end of the previous set of interval
data. Running of the forecast models will be controlled by a schedule which will specify, in the form of a calendar for
each day, the model which is to be run and the time period over which it should be run.
5.5.3.2 Capacity Engine
Once the demand forecast process has completed, the results will be passed through the ‘capacity engine’ in order to
identify periods where the demand is forecasted to exceed the capacity and therefore a ‘DNO Peak Shaving’ service is
required from the energy storage solution.
As described in Section 2.2.1, the seasonal capacity profile in MVA will be held as an attribute against the site. The
system will also hold a configurable tolerance value (%) which will be used to calculate the threshold at which the site
has been deemed to exceed capacity.
The demand forecast will then be compared to this tolerance value as highlighted below:
The actual capacity of the substation in MVA is shown as the solid red line (see Figure 17); the capacity adjusted
based on the tolerance is shown as the dotted red line.
The output of the Demand Forecast in MVA is shown as the Blue Line (see Figure 17).
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Figure 17 - Demand Forecast Display

The capacity engine will compare these values and for all instances where demand exceeds the capacity will create a
‘DNO Service’ for the battery with the following parameters:
•

Mode Start
This is defined as the start of the first half hour period where the demand exceeds capacity. In this case,
demand exceeds capacity between 16:00 and 16:30 therefore the mode start time would be set to 16:00.

•

Mode End
This is defined as the end of the last half hour period where the demand drops below capacity. In this case,
demand drops below capacity between 20:00 and 20:30 therefore the mode end time would be set to 20:00.

•

Plimit
This is the defined as the capacity limit which will cause the service to be activated. In this example it is 32.0
MVA (35.6MVA – 10%)

•

Pabs
This is the defined as the maximum active power which can be supplied from energy storage device to the
grid. It is calculated as the peak demand over the capacity. In this case it is 4.3MW

These values will all be written to the ‘service’ table in order that they are picked up by the optimisation process. All
services when initially created will have a status of ‘Pending’.
As the accuracy of the demand forecast is likely to improve the closer you get to service date, each time the capacity
engine runs it will check whether any previously created service are still valid and will update the status of the service
accordingly:
•

If an over-firm event which has been created previously is no longer forecast then the service status will be
changed to ‘Deleted’
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•

If an over-firm event which has been created previously has changed – either in duration or in the amount of
energy required (Pabs) then the service parameters will be updated and the service status will be changed to
‘Updated’

5.5.3.3 Scheduling Overview
Forward schedules are populated on a range of timescales. In Figure 18, long-term schedules are shown to be made
available every 12 weeks, medium-term (update) every 4 weeks and short-term (update) every 1 week. An immediate
schedule (update) covering the next 48 hours is made each day, but not shown on this diagram for clarity. At the
bottom of Figure 18, the constituent parts of the full ‘live’ timetable at week 18 (red line) for a 12 month period, and their
relative ages, are shown as an example.
Following the overview, each scheduling window is detailed with data requirements and process.
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Timing for schedule creation
0-11 wks

12-23 wks

24-35 wks

36-47 wks

48-59 wks

60-71 wks

72-83 wks

84-95 wks

0-11 wks

12-23 wks

24-35 wks

36-47 wks

48-59 wks

60-71 wks

72-83 wks

84-95 wks

Wk 00
Wk 01
Wk 02
Wk 03
Wk 04
Wk 05
Wk 06
Wk 07
Wk 08
Wk 9
Wk 10
Wk 11
Wk 12
Wk 13
Wk 14
Wk 15
Wk 16
Wk 17
Wk 18
Wk 19
Wk 20
Wk 21
Wk 22
Wk 23
Wk 24

Wk 18
Wk 12
Wk 16
Wk 00
Wk 12

Figure 18 - Overview of scheduling process.
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Long-term schedule
Long-term scheduling will centre on the tendered ancillary services that are available from the Ancillary Service
Provider, but not exclude estimates of revenue from other services if appropriate.
The stages are illustrated in Figure 19 based on an example where five different services are configured in the
portfolio.
At Stage 1, the DNO requirement for Peak Shaving is determined from the incoming load forecast (from Demand
Forecasting) and site capacity limit. Stage 2 simultaneously evaluates the net value from participating in all possible
services given the constraint of any peak-shaving windows that are reserved for the DNO.
Stage 3 considers combining an additional service into the remaining free window space. Although the illustration in
Figure 19 suggests that there are twenty (5 × 4) possible combinations at Stage 3, it is likely that a number of
combinations will have been eliminated on the basis of incompatibility. The highest value path through these stages is
now selected for the schedule. Stage 4 takes the current forward market prices to decide if it is preferable, in view of
the confirmed schedule, to fix a price for on/off-peak energy.
When moving between services there may be a mismatch between state of charge (SoC) levels, so time must be
provided to allow a transition (SoC Adjustment) between service delivery periods. It will be unknown until real-time
whether this period is required since the call to deliver on some services is dependent on prevailing network conditions
or at the discretion of the System Operator.
To devise the timings and rules to be created, an accurate understanding of the services that are to be considered is
required. In Figure 20 the data available for peak-shaving, DFFR, Committed STOR and Wholesale Market price
setting are identified as examples. From consideration of this diagram the information required and process to be
implemented at each stage is presented in Table 3 below.
A detailed view of the components of a schedule for competing services is shown in Figure 20. This is limited to four
services for clarity but can comfortably be extended to include the number of services anticipated to be implemented in
the SNS project.
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24 week service cost/value evaluation process

Stage 1

Stage 2

Stage 3

Stage 4
Actors

SoC
Adj

Stage 1

PS

SoC
Adj

DFFR

DNO

SoC
Adj

SFFR

ASP

SoC
Adj

FCDM

SoC
Adj

CSTOR

EP

SoC
Adj

DFFR

SoC
Adj

FSTOR

ESS

SoC
Adj

SFFR

SoC
Adj

CSTOR

SoC
Adj

FCDM

SoC
Adj

FSTOR

SoC
Adj

DFFR

SoC
Adj

SFFR

SoC
Adj

CSTOR

Stage 2

Energy
Trade

As above/
below

Stage 3

Future

Stage 4

Figure 19 - Multi-stage limited-look-ahead scheduling process.
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Information at 24 week advance
0-11 wks

12-23 wks

24-35 wks

48-59 wks

60-71 wks

72-83 wks

84-95 wks

Demand forecast

Wk 00

DNO
-PS

36-47 wks

Demand forecast

Wk 12

Demand forecast

Wk 24
Wk 36

Demand forecast
Tender opportunity

Wk 00

Tender opportunity

Wk 12

DFFR
Tender opportunity

Wk 24
Wk 36

Tender opportunity
TR19

TR20

TR21
2013/14

2012/13

STOR

TR22
2014/15

S5

S6

S1

S2

S3

S4

S5

S6

S1

S2

S3

S4

S5

S6

S5

S6

S1

S2

S3

S4

S5

S6

S1

S2

S3

S4

S5

S6

S5

S6

S1

S2

S3

S4

S5

S6

S1

S2

S3

S4

S5

S6

S5

S6

S1

S2

S3

S4

S5

S6

S1

S2

S3

S4

S5

S6

S3

S4

S6

S1

Wk 00
Wk 12

S4

S5

Wk 24
Wk 36

S1

S2

Peak/off-peak price

Wk 00

Peak/off-peak price

Wk 12

Mkt
Wk 24

Peak/off-peak price
Peak/off-peak price

Wk 36

0-11 wks

12-23 wks

24-35 wks

36-47 wks

48-59 wks

60-71 wks

72-83 wks

84-95 wks

Figure 20 - Information available to scheduling process at 24 week advance.
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Stage

Service
Non-monetary
Demand forecast
Maximum line load

Data
Income
Avoided reinforcement
cost

Process summary

As above

Outgoings
Aux power
Round trip efficiency
Battery life
Aux power
Round trip efficiency
Battery life
£/MWh wholesale
Aux power
Round trip efficiency
Battery life
£/MWh wholesale
Aux power
Round trip efficiency
Battery life
£/MWh wholesale
Aux power
Round trip efficiency
Battery life
£/MWh wholesale
Aux power
Round trip efficiency
Battery life
£/MWh wholesale
As above

Is: MaxLoad –
DemandForecast
< 6 MW ?
Calculate net worth
by subtracting
Outgoings from
Income.
Calculate net worth
by subtracting
Outgoings from
Income.
Calculate net worth
by subtracting
Outgoings from
Income.
Calculate net worth
by subtracting
Outgoings from
Income.
Calculate net worth
by subtracting
Outgoings from
Income.
As above

1

DNO-PS

2

FCDM

Remaining window from Stage 1
SNS definition of tender window
Expectance of utilisation volume

£/MW/h availability
£/MWh utilisation
£/MWh wholesale

DFFR

Remaining window from Stage 1
SNS definition of tender window
Expectance of utilisation volume

£/MW/h availability
£/MWh utilisation
£/MWh wholesale

SFFR

Remaining window from Stage 1
SNS definition of tender window
Expectance of utilisation volume

£/MW/h availability
£/MWh utilisation
£/MWh wholesale

Committed
STOR

Remaining window from Stage 1
NGrid definition of tender
window
Expectance of utilisation volume
Remaining window from Stage 1
SNS limit to NGrid definition of
tender window
Expectance of utilisation volume
Remaining window from stage 2
+ others from above
“
“
“

£/MW/h availability
£/MWh utilisation

“
“
“

“
“
“

“
“
“

“

“

“

“

£/MWh wholesale
available now
Expected £/MWh
wholesale in future

Aux power
Round trip efficiency
Battery life
£/MWh wholesale

Judge if there is a
benefit to set a
wholesale market
price now vs. future.

Flexible
STOR

3

FCDM

4

DFFR
SFFR
Committed
STOR
Flexible
STOR
Wholesale

£/MW/h availability
£/MWh utilisation

Table 3 - Example Data Available at Stages of Scheduling
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Long-term schedule: 24 week length, 24 week advance (example relative to first week of 2013)
0-11 wks

12-23 wks

36-47 wks

24-35 wks

24 weeks

48-59 wks

60-71 wks

84-95 wks

8064 periods
Overfirm

DNO-PS
Tender opportunity

DFFR

2013/14 S3

STOR
Market

72-83 wks

2013/14 S4
On-/off-peak price B (Quarter)

On-/off-peak price A (Quarter)

4 weeks

1344 periods

DNO-PS
Tender opportunity

DFFR
STOR

2013/14 S4

2013/14 S3
On-/off-peak price B

Market

1 week

336 periods

DNO-PS
DFFR

Tender opportunity

STOR

2013/14 S3

Market

On-/off-peak price B

1 day

48 periods

DNO-PS
DFFR
STOR

Tender opportunity
2013/14 S3

2013/14 S3

Off-peak price B
On-peak price B
Off-peak price B
0
6
12
18
24
30
36
42
48
Figure 21 - Detailed view of information that is available to scheduling algorithm in long-term.
Market
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Medium-term schedule
This advance window is intended to engage with shorter term contracts as it becomes attractive to do so. This is
placed at an eight week in advance, with eight weeks of scheduling. An example schedule diagram equivalent to that
given for the Long-term schedule is shown in Figure 22.

Medium-term schedule: 8 week length, 8 week advance (example relative to first week of 2013)
0-11 wks

12-23 wks

24-35 wks

36-47 wks

8 weeks
DNO-PS

48-59 wks

60-71 wks

2688 periods

Tender opportunity

STOR

2013/14 S1
On-/off-peak price A (Month)

1 week

On-/off-peak price B (Quarter)

336 periods

DNO-PS

Overfirm

DFFR

Tender opportunity

STOR

2013/14 S1

Market

On-/off-peak price B

1 day

48 periods

DNO-PS
DFFR
STOR

84-95 wks

Overfirm

DFFR

Market

72-83 wks

Overfirm
Tender opportunity
2013/14 S1

2013/14 S1

Market

Off-peak price B
On-peak price B
Off-peak price B
0
6
12
18
24
30
36
42
48
Figure 22 - Detailed view of information that is available to scheduling algorithm in medium-term.
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Short-term schedule
At short-term timescales, the DNO requirement for peak-shaving may be able to be de-escalated in view of improved
demand forecasting. Additionally, hourly pricing for the wholesale market will now be available. This opens up some
windows for services that can be scheduled at short notice and provide an opportunity for arbitrage, and the possibility
of manually scheduling in other services, such as reactive power support.
An example schedule diagram for the short-term is shown in Figure 23.

Short-term schedule: 2 week length, 1 day advance
0-11 wks

12-23 wks

24-35 wks

36-47 wks

48-59 wks

2 weeks

672 periods

1 week

336 periods

1 day

48 periods

60-71 wks

72-83 wks

84-95 wks

DNO-PS
VArs
Market

DNO-PS
VArs
Market

DNO-PS
VArs
Market
0
6
12
18
24
30
36
42
Figure 23 - Detailed view of information that is available to scheduling algorithm in short-term.
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Immediate-term schedule
Further de-escalation and up-to-date wholesale pricing could drive further opportunities in the more immediate term. An
example immediate term schedule is shown below in Figure 24.

2-day schedule: 2 day length, 0.5 hr advance
0-11 wks

12-23 wks

24-35 wks

36-47 wks

48-59 wks

2 days

94 periods

1 day

48 periods

60-71 wks

72-83 wks

84-95 wks

DNO-PS
VArs
Market

DNO-PS
VArs
Market
0

6

12

18

24

30

36

42

48

Figure 24 - Detailed view of information that is available to scheduling algorithm in immediate-term

The schedules at the various stages contain the services that could be carried out alongside any peak shaving
requirement to maximise the value of the storage capacity. Depending on the service chosen, it may require that this
service is now tendered into the market, or committed with the third-party Ancillary Service Provider. The Battery
Manager must therefore approve these parts of the schedule, and initiate any external process for committing to these
services.
Up until the day-ahead of execution, the Battery Manager can commit the services in the schedule once confirmation
has been received from the Ancillary Service Provider or Energy Supplier. If confirmation is not received, or the service
instance is rejected (for example tender is not successful), then the service’s slot can be released for re-optimisation.
At the day-ahead stage the schedule is then committed and published to the Real-Time Battery Management subprocess via the ESB messaging system for execution. The schedule contains the details of the different Operating
modes which are used by ESS to execute the different services, i.e. commercial and DNO services, configured in the
platform.
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5.5.4

User Interface

5.5.4.1 Equipment Search
The user will be able to search for all ‘equipment’ setup for the SNS project using the existing Networkflow search
screen. This screen provides the following options:

•

User can search based on equipment details or location details and can also use wildcards for free text fields
e.g. ‘LU7*’ for postcode.

•

Any fields which contain a limited set of values can be selected from a drop down list including
o Equipment Type
o Voltage
o Town
o Region
o District

•

For any fields which are not selected from a drop down list, the field will provide ‘type ahead’ functionality
based on the last 5 or so previous value entered.

•

Once a search has been performed, the results are display to the user in the table at the bottom of the screen.
The user can select a specific row in the table to drill down and view details of the equipment.

5.5.4.2 View Equipment
Once a user has performed a search for a piece of equipment they can view details of the equipment as follows:

5.5.4.2.1

Technical Details View

The technical details view provides the following information for the selected piece of equipment.
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•

Details of the equipment are be displayed in the top panel in the following Sections:
o
o
o
o
o
o

•

The menu bar on the left hand side of the screen gives the user the option to navigate between different views
of data for the selected piece of equipment. The initial options should be:
o
o
o
o
o

•

Model Details
Installation Details
Location Details
Reference Data
Voltage
Rating

Network Hierarchy (see 2.4.1)
Equipment Details
GIS View
Usage Graph
Schedule (for Energy Storage Device Only)

The bottom panel will show a tab bar providing additional details for the selected piece of equipment. The tabs
displayed will be based on the functionality which is enabled for the selected piece of equipment. For the
SOCS solution this will initially include:
o

A tab for the results of any Demand Forecasting runs which have been carried out. The user should be
able to select a row in the table to drill down in a results graph (see below)

o

A tab which displays details of any additional attributes defined for the equipment. This will be in the
form of a table with name / value pairs.

o

A tab which will display any events which have been raised against the asset. This will be in the form
of a table with details of the event category, event type, name, and date raised. It should be possible to
filter the table to show e.g. only Business Events or only Technical events.
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5.5.4.2.2

GIS View

As well as the details view, the user will be able to view the selected piece of equipment on a map along with other
associated data.
The user will be able to select all the types of equipment they want to display from the ‘View’ drop down menu option.
The user will also be able to search for a specific geographic area to display and zoom in / out of a specific area using

the standard functionality provided by the mapping software.

5.5.4.2.3

Hierarchy View

Finally, the user will be able to view the equipment in a hierarchy view in order to see the relationships between
individual pieces of equipment:
• The tree view will display details of the type of equipment e.g. Transformer, Feeder, Meter etc… and will also
display the equipment serial number, equipment rating and equipment voltage
•

The user will be able to highlight a row in the tree view and see additional details for the selected piece of
equipment on the right hand side of the screen. These additional details will include Sections for Location
Details and Reference Data.

•

The Reference data Section should initially include:

•

o

Drop down list showing the weather station which is currently assigned to the piece of equipment. It will
be possible for a user with appropriate permissions to change this value if required.

o

On / Off buttons showing if Energy Balancing or Demand Forecasting is currently enabled / disabled
for the selected piece of equipment.

In the tree view itself, where the equipment serial number is displayed, this will be a hyperlink so that when the
user clicks on it they are taken to the equipment details screen.
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5.5.4.3 View Demand Forecast
The user interface will also provide functionality to drill down and review the results of the demand forecast algorithm,
allowing the user to:
•
View the demand forecast and historic profile data
•
View input data used in the demand forecast algorithm
•
View and update any parameters used in the forecast algorithm
•
View relevant network asset details including capacity.

5.5.4.3.1

Results

The results of any forecast will be displayed in the tab bar at the bottom of the equipment details screen:

Depending on the number of demand forecasting algorithms which are defined in the system there may be multiple
rows displayed in this table e.g. for SOCS it is possible to set up different algorithms for Day, Week and Month ahead.
The table will provide details of the method which has been used to calculate the demand forecast, when this was last
run and the period over which the data is forecast.
The user will then be able to drill down and view the results of the forecast by selecting one of the rows in the table.
5.5.4.3.2

Graphical View

The graphical view of the demand forecast will display the following information.
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•

The equipment type (in this case sub-station) and serial number will be displayed at the top of the screen

•

The user will then be able to select either a Graphical view of the data or a Tabular view of the data by
selecting on of the two tabs.

In the Graphical view:
•

The user will be able to select the period or date range displayed by using the Zoom or Date From / Date To
options. The user can also adjust the amount of data shown using the date slider at the bottom of the graph.

•

The user will be able to select the channel of data displayed on the graph using the Channel drop down lists.
By default when entering the screen the Demand Forecast will be selected as ‘Channel 1’. The user may then
choose to overlay the actual demand data in ‘Channel 2’

•

The user will be able to select the granularity of data displayed based on the different forecast horizons and the
time period they are viewing. i.e. they will be able to view Day, Week, Month, 3 month and 12 months forecasts
on the same graph in order to carry out a comparison of the data and see how it is improving / changing over
time.

•

A key will indicate how each channel of data is being displayed.

•

The user will be able to select whether information is displayed as a bar or line chart

•

The user will be able to select whether certain information is overlaid on the graph. In this scenario it will be
possible to overlay – capacity / rating and the capacity adjusted based on the tolerance value.

In the Tabular view:
•

The user will be able to see the underlying data for each channel selected in a table.

•

The user should also be able to export the data as ‘.csv’ file. The export function will allow selection of the
channels of data to be exported as well as the date range.
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5.5.4.4 View Weather Data
Whilst the weather station is treated as a generic piece of ‘equipment’ in the Network Hierarchy, the information
displayed to the user in the UI is slightly different.
Once a search has been performed and the user has selected a weather station, the following details will be displayed:

•

Details of the weather station including type and location are displayed in the top panel.

•

The menu bar on the left hand side of the screen gives the user the option to navigate between different views
of data for the weather station including
o
o
o

•

Network Hierarchy
GIS View
Graph

The bottom panel will show a tab bar providing additional details weather station including:
o

A tab displaying details of the current channels of data that are being collected from the weather
station.

o

A tab displaying details of pieces of equipment that are currently associated with the weather station.

5.5.4.5 Administration
An admin screen will be provided to update the schedule details describe in Section 5.5.3.3.

Access to this screen will be configurable based on user role.
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5.6 Application Integration
Within the SNS architecture there are a number of HMIs and application interfaces as shown on Figure 11. The colour
coding relates to the interfaces on Figure 11: Blue relates to ESB linked applications (ID#1), white (ID#2) relates to
external user interfaces, green (ID#3) relates to applications linked over SCADA and red to web services (#ID4).
ID#

Source

Destination

Interface

Format

1.1

FOSS

ESS / KOMP

ESB (IBM WebsphereMQ)

XML

•

Schedule

1.2

ESS (BEESM)

FOSS

ESB (IBM WebsphereMQ)

XML

•
•
•
•

Battery Status
Network Status
Alarms
Instruction response

1.3

KOMP

FOSS

ESB (IBM WebsphereMQ)

XML

•

Service Parameters & Prices

1.4

KOMP

ESS

ESB (IBM WebsphereMQ)

XML

•

Service/Control Instructions

2

Authorised
Users (UKPN
User/ Service
Provider/
Energy Supplier

FOSS

FOSS User Interface

HTML/ASP

ESS (BESSM)

Local RTU

3.1

Description of data exchanged

Access to FOSS data
•
•
•
•
•

SCADA

SCADA (DNP3)

Battery Schedule
Service Parameters & Prices
Battery Status
Network Status
Alarms

Using existing SCADA infrastructure via on-site RTU
•
•

Battery Status
Network Status

3.2

ENMAC HMI
control

Local circuit
breaker

User Interface ENMAC

SCADA (DNP3)

Isolate SNS under safety conditions;

3.3

BESSM HMI

ESS

BESSM User Interface

SCADA (IEC61850)

SCADA control screen.

3.4

PI

Local RTU

SCADA

SCADA (DNP3)

As well as local network data historical battery
data

4.1

PI

FOSS

PIWebServices

SOAP

Historical metering data.

4.2

Met Office

FOSS

Webservice

SOAP

Weather Forecast
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5.6.1

UK Power Networks ESB (IBM WebsphereMQ)

The FOSS, ESS & KOMP systems will communicate over the UK Power Networks’ IBM Message Broker ESB
(WebsphereMQ). The UK Power Networks’ ESB will provide a highly scalable and available architecture for inter subsystem communication. The use of asynchronous rather than synchronous communications means that the resilience
requirements of the individual sub systems can be evaluated with the knowledge that the ESB provides in-built data
persistence and availability. In practical terms this will mean any data published will not have to reside in the source
system for the purpose of retransmitting for the situation where messages are lost due to sub-system unavailability.

FOSS
Queue Manager:

leightonbuzzard.socs.lcnf.q.ukpn
SOCS_SCHEDULE_Q
SOCS_SERVICE_Q
ESS_STATUS_Q

BESSM

KOMP

Figure 25 - SOCS WebsphereMQ Design

It is proposed to have three queues (equally there could be a single queue); one servicing the output produced by each
sub-system. Each of the different subsystems will then subscribe to the queues and the topics that they are interested
in.
The format of the messages and the message payloads will follow UK Power Networks standards, with message
payloads in XML format.
The transfer of the Schedule from FOSS will be on a publish/subscribe basis. Within the application server, a queue
will be created which is used to publish messages containing the details of the schedule. The ESS will need to
subscribe to this queue.
Projected data volumes:
Data
Schedule
Battery Status
Service
Instructions

From
FOSS
ESS
KOMP

To
ESS/KOMP
SOCS/KOMP
ESS

Size
200 k
100 bytes
100 bytes

Frequency
48 (max) per day
Every second
4 (max) per day

Daily Volume
9.6 MB
9 MB
<1 k

The data sizes below for estimated packet size are generous but have been included as a guide to indicate that the
projected data volumes will be small. Even though the frequency of the ESS data is down to the second not all this
data is logged in the target subsystems.

5.6.2

UK Power Networks Control Network

The new ESS will need to integrate with the existing UK Power Networks’ SCADA infrastructure both on-site and in the
local network in the Leighton Buzzard area and also the SCADA control systems in UK Power Network’s Control
Room. As well as the ESS there are a range of other SNS SCADA devices that need to be fed into the RTU.
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The existing on-site RTU at Leighton Buzzard will be replaced as part of the SNS scheme with a larger capacity unit.
The requirement to keep the long-term performance data of the SNS installation will be met by the PI system with the
storage system data it indirectly collects over the SCADA network.
5.6.2.1 ENMAC
ENMAC, UK Power Network’s main network management system, will have visibility at all times of the status and
power currently being exchanged by the storage device.
As the storage system is connected via two 11 kV circuit breakers (see Figure 2), the Control Room will always be able
to disconnect and isolate the storage device from the network by opening these circuit breakers via ENMAC for
emergency reasons. This will effectively remove the storage from the network, forcing the ESS to become idle and
enter its Safety Control mode of operation (as described in Section 3.3.2.3.4).

Design Decision: - In addition to the ability to control the storage using the Manual Control interface (as
described in Section 5.4.4), the UK Power Networks’ Control Room will have the ability to indirectly control the
storage system via ENMAC using a series of limited SCADA commands that can start/stop specific fixed levels
of real power output.
Although the functionality will be relatively limited, this allows control engineers, who may not be familiar with
the Manual Control interface, to more quickly enact the storage for network emergency situations. The
following commands are expected to be made available within ENMAC for this indirect control:
Export 6 MW
Export 4 MW
Export 2 MW
Export 1 MW
Stop / 0 MW
Import 1 MW
Import 2 MW
Import 4 MW
Import 6 MW

Other data that will be made available over SCADA within ENMAC for display to control engineers is:
• Current power flow from the storage (+’ve importing, -‘ve exporting)
• Estimate of duration left at current power
• Availability for network support (i.e. whether a commercial service is currently being executed)

5.6.3

FOSS-PI Interface

The FOSS-PI interface will provide the data for deriving the demand forecast at the Leighton Buzzard site. The data will
be retrieved using the webservices available from the PIWebserver.

5.6.4

FOSS-Met Office Interface

Both weather forecast and actual observation data will be sourced from the Met Office via publically available web
services. Two weather services will be used to retrieve the data:
Hourly observation data:
http://datapoint.metoffice.gov.uk/public/data/val/wxobs/all/xml/[LocationID]?res=hourly&key=<API key>

3 Hourly Forecast Data:
http://datapoint.metoffice.gov.uk/public/data/val/wxfcs/all/xml/[LocationID]?res=3hourly&key=<API key>
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where [LocationId] is the id for the nearest weather station to the Leighton Buzzard site.
Access to the weather data from the Met Office is provided under Open Government License (OGL) license. In order to
comply with this license, wherever weather data is displayed or used within the application, the following text will be
included:
Contains public sector information licensed under the Open Government Licence

5.7 Solution Options
There are no real alternative options for the high level components within the solution architecture as the technology
solutions are innovative and there are no off the-shelf systems that can meet the all of the requirements. The project
partners and suppliers providing these solutions have been selected on the merits of their products and solutions
during the bid-phase of the project.
The one application component that currently exists in an operational environment and has other installations is the
ESS software, albeit not implementing sophisticated scheduling functionality. With the presence of this control module
it means that the other major component, i.e. the scheduling component, the solution architecture is complete.
For the solution architecture there are some different options available for how the different sub-systems communicate
with one and other. The existing operational systems, ENAMC and PI will communicate with the ESS via the SCADA
network using DNP3 protocol. However, for the new sub-systems, FOSS and ESS, there are number of different
options for inter-system communication between these systems and the other externally hosted components, i.e. KiWi
Power. Using ESB for inter sub-system communication is preferred for the following reasons:
1. Scalability – the solution provides a scalable solution that can easily be scaled to host other installations
2. Testability – the solution can easily be developed to provide Test instances and the queue data can be used to
drive test scenarios.
3. Security – no direct access to the ESS is required from either the externally hosted system KOMP or FOSS
instead it via the ESB broker
4. Resilience – The ESB provides BC1 resilience to the message queues (BC is a measure of the criticality and
support requirement for applications within UK Power Networks, with 1 being the highest priority.)

5.8 Existing Application Architecture Impact
The SNS solution will have limited impact on the current application architecture estate. The project will impact the
existing SCADA systems at UK Power Networks. ENMAC & PI systems will need knowledge of SNS installation
however it will just be viewed as a SCADA device. The list of SCADA points identified as required is shown in Appendix
10.4.
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6 Technology Architecture
The technology and the network connectivity of the complete system architecture are described in this Section. The
impact of the new architecture upon the existing infrastructure landscape is described, and is followed by the
architecture of the different sub-systems.
Certain parts of the design in this section have been redacted in this document for confidentiality and security reasons.

6.1 Technical Architecture Overview
This Section needs to read alongside the technical architecture diagram as shown in Figure 26.
The complete technical architecture is split between multiple sites with the principal UK Power Networks sites being the
Leighton Buzzard sub-station, UK Power Networks Control Centre and the UK Power Networks / CGI data centre.
There are external connections from non-UK Power Networks systems being integrated into the design.
The main architectural decisions made on the project have been centred on the communication requirements of the
ESS. The primary driving requirement is that the ESS needs to be sited at Leighton Buzzard as it has the need for
resilient, real-time communication with the storage device. Therefore, the ESS has communication requirements
covering:
•
•
•
•

Communication with storage device at Leighton Buzzard
Communication with the on-site RTU at Leighton Buzzard,
Communication with other SOCS components via the UK Power Networks’ ESB
Provision of access for partners to provide support.

These different requirements requires the ESS to communicate with different parts of the UK Power Networks’ network
infrastructure: The on-site RTU is on the SCADA VRF (Virtual Private Network Routing and Forwarding), whilst the
ESB is on the Corporate VRF, and third party support is normally provisioned through VPN tunnels through the
Corporate VRF.

Design Decision: - The preferred solution is to host the ESS architecture on a new dedicated VRF (Future
Networks VRF) rather than the existing SCADA VRF. The RTU at Leighton Buzzard will be presented on both
the SCADA and new Future Networks VRF. This solution is seen to be more favourable and secure than the
alternative which would be hosting the ESS on the SCADA VRF.

The implementation of a second VRF at a substation has been successfully used on other UK Power Networks’ Future
Networks projects [reference 13]. The Flexible Plug & Play (FPP) adopts a similar design where two distinct VRFs are
presented at various substations and then the on-site RTU has two network interfaces: with one port presented on the
SCADA VRF and the other on the FPP VRF.
There is no requirement to locate FOSS at the Leighton Buzzard site. There has some been some debate whether
FOSS needs to be located either at the UK Power Networks’ Control Room, as it could be classified as either an
operational system, or at the UK Power Networks’ Data Centres, as it can be viewed as a Commercial System. The
overriding view is that is primarily a commercial system as the storage system can operate basic functions without it,
hence the FOSS will located in the UK Power Networks’ Data Centre.

Design Decision: - FOSS will be located in the UK Power Networks’ Data Centre as it is primarily viewed as a
commercial, rather than operational system

The technical architecture must 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 provide via remote
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access, HVAC and security monitoring at the Leighton Buzzard site, which need to be included in the system
telecommunication requirements.

Figure 26 – SOCS Conceptual Communications Diagram

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 85 of 103

Smarter Network Storage
Logical Architecture Design Document (LADD)

6.2 Technology Architecture Components
The technology components shown in Figure 26 are listed and described below. The components of the two new subsystems, FOSS and ESS, of the SOCS architecture are described separately in detail in the later Sections 6.8 and 6.9.
ID#

Component

Explanatory Notes

System

1

FOSS AS & DB (see below)

The system that provides the schedule for
the BESSM system to control the energy
storage system. Will comprise of an
application/web server (AS) and a database
server (DB)

FOSS

2

BESSM (see below)

The component which control and monitors
the operation of the Energy Storage System
(ESS).

ESS

3

BESDM (see below)

The component that manages the PCS
and all Samsung SDI battery racks
connected to the PCS as a logical Battery
Energy Storage Device (BESD)

ESS

4

SMS (see below)

Storage Management System comprising of
a Master controller, Inverter and Chopper
and takes commands from a SCADA
protocol such as DNP3 or Modbus

ESS

5

PI Historian

SCADA Data Historian providing data
warehousing facilities for SCADA data

PI

6

PI Webserver

PI webserver provides access to the data in
the PI database via webservices

PI

7

ENMAC (PowerOn) FEP

Allows the UKPN control room operators to
view real-time measurements on the
network, and perform remote telecontrol
operations combined with front-end data
processing. Provides a high level view of
the energy storage device at Leighton
Buzzard

SCADA (ENMAC)

8

RTU (various)

Remote Terminal Units used by UKPN to
monitor and control the electricity network.
For the SNS project the RTU at Leighton
Buzzard is in scope.

SCADA

9

ESB Host (IBM Integration Bus)

UKPN ESB. Provides the communication
channels for the SOCS message queues

ESB Host

10

KOMP

The system that the Ancillary Service
Operator uses to manage their portfolio of
devices interfaces to UKPN over the ESB

ESB client
KiWi Operational Platform

11

HVAC & Fire Suppression

The HVAC & fire suppression monitoring

HVAC

12

CCTV & Alarms

Security Cameras & intruder alarms

Security
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6.3 Telecommunications
6.3.1

Leighton Buzzard
3

At Leighton Buzzard dual redundant telecoms links will be put in place. The primary link will be a 10 MB Ethernet
uncontended network connection that will present both the UK Power Networks new Future Networks and Corporate
VRFs, with the secondary link being Superfast Broadband that will just present a Future Networks (FN) VRF
connection.
The need for the redundancy is prudent given the innovative nature of the project and the comparatively low cost of the
secondary connection. The requirement of a third party requiring immediate access to diagnose system fault that may
cause significant safety issues or system damage needs to be met and hence the high bandwidth connections that are
specified. Subsequent learning from the project may find the level of telecoms to be over specified; however at this
stage of SOCS product maturity prudency is key.
The Future Networks VRF connections will be routed from Leighton Buzzard over Multiprotocol Label Switching
(MPLS) to the main firewall at the UK Power Networks’ Control Room, and the Corporate VRF will be routed over
MPLS to the Data Centre / UK Power Networks’ Control Room / Project Office location(s).
The communication links required to support the SNS architecture are categorised into 6 areas:
1.
2.
3.
4.
5.
6.

SCADA
UK Power Networks’ ESB
HMI
Webservice
Support
Security

Each of these areas and all the labelled connections identified in Figure 26 and are described below. Each of the labels
is categorised and numbered. The security requirements of the connections are detailed in Section 7.2.

6.3.2

SCADA Communications

A new RTU (T5500) will be used to monitor the local and 11 kV networks at Leighton Buzzard. This will replace the
existing unit and will be act as the master RTU on site at Leighton Buzzard. All information relayed back to the ENMAC
FEP will be from this RTU and will routed back via the existing satellite link (with GPRS backup) over the existing
SCADA VRF [see SCADA#2 on Figure 26].
The BESSM system will act as a slave to the primary RTU and will be connected to the RTU via its secondary
interface. All SCADA communications between the on-site RTU and BESSM will be in DNP3 [see SCADA#1].
With this integration the SNS installation will appear on the ENMAC systems as just another SCADA device. The relay
for the operational data from ENMAC to PI Historian for the Storage system will occur through the existing links
[SCADA#3].
The new SCADA devices (the ESS components) at Leighton Buzzard will be hosted and allocated IP addresses on the
new Future Networks VRF. The issue of IP addressing for the components at Leighton Buzzard will be covered during
the second stage of detailed physical design.
In order to undertake some of the portfolio services the ESS needs to ascertain both local and remote data points. The
BESSM system can interface with the secondary interface of the on-site RTU [SCADA#1].
There are also internal communications between the three sub-systems (BESSM, BESDM & SMS) that comprise the
ESS and these are described below [SCADA#4].

3

An option of using Ethernet File Mile rather than is being considered. It presents less bandwidth at lower cost.
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The ancillary systems, such as the local HVAC monitor and alarms, are also linked to the local RTU so that their status
can be read by BESSM, i.e. the battery will need to respond to temperature alerts, etc., and the same alarms need to
be visible on ENMAC [SCADA#7].

6.3.3

UK Power Networks ESB

The FOSS, ESS & KOMP systems will have to communicate over the UK Power Networks’ IBM Integration Bus ESB
(formerly called WebSphere Message Broker). The three systems will need to connect as clients to the ESB hosts that
are hosted in the UK Power Networks’ data centres. The systems will need to authenticate when the connections are
made using SSL. The securing of communication over the ESB is covered in Section 7.
Each system will require access to the UK Power Networks’ IBM Integration Bus and require rights to access the
corresponding queues configured for the messages exchanged for the Leighton Buzzard SNS. The KOMP system will
need to be routed through the external file wall to access the ESB hosts [ESB#2]. The BESSM system will need to be
routed from the SCADA network onto the Corporate network via the main firewall in order to access the ESB hosts
[ESB#1]. Routing the FOSS to the ESB hosts should not provide too much of an issue as both systems are located in
the UK Power Networks’ data centre [ESB#3].
Connection to the externally hosted KOMP system is used for allowing external despatch of certain services, and
therefore will require access over VPN IPSec.

6.3.4

HMI

The two main HMIs that are used to access SOCS are the FOSS HMI and BESSM HMI which are described further
below. An additional SMS HMI is available for commissioning and support activity, but is not envisaged to be used
under normal circumstances.
6.3.4.1 FOSS HMI
The FOSS application is accessed via a standard web browser. The prospective users will be located in different parts
of the UK Power Networks’ network [HMI#1] and also externally hosted users [HMI#2]. For internal User routing
through to the FOSS application server will not be an issue, and external user will need their VPN connection routed
through to the FOSS application server.
Access to the application is addressed in Section 7.3 below.
6.3.4.2 BESSM HMI
The BESSM HMI can be provided either through a browser-based interface; or via a thick client that needs to be
installed on Users workstations. Once Users have the BESSM client installed access on UK Power Networks’ main
firewall will need to be set. The number of concurrent BESSM users is expected to be small (2~3).

6.3.5

Webservice

6.3.5.1 PI WebServices
FOSS will leverage the webservice interface that PI presents in order to retrieve the historic metering data for the
Leighton Buzzard site. This service is already being used by the DNV application; another platform developed by UK
Power Networks that makes PI data accessible and visual for network planners.
6.3.5.2 Met Office
The FOSS will need to be able to call the Met Office webservice.

6.3.6

Support

Each of the partners in the SNS project will require VPN access to their respective systems so that they are able to
provide operational support.
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6.3.6.1 AMT-SYBEX
AMT-SYBEX will provide support for the FOSS architecture using a remote access link to UK Power Networks.
6.3.6.2 Younicos
Younicos will provide support for the BESSM & BESDM components of the ESS using a remote access link to UK
Power Networks.
6.3.6.3 S&C
S&C will provide support for the SMS of the ESS using a remote access link to UK Power Networks.

6.3.7

Security

Various physical security measures will be implemented at site, including security cameras, site lighting and alarm
systems. The security camera and the intruder alarm traffic needs to be routed from the Leighton Buzzard Site through
to the Security Management Centre (SMC) at the UK Power Networks’ Control Room.

6.4 Scalability
There is no specific requirement of the project to produce an extremely scalable IT solution. At an electrical level there
is scope to expand the amount of on-site capacity by a further 2 MW from 6 MW to 8 MW, and 8 MWh from 10 MWh to
18 MWh. This will have a very limited impact on the IT as the capacity of the SOCS is not “hard-coded” into the system.
SOCS only becomes scalable if UK Power Networks decide to roll-out multiple storage installations throughout the
network. Each storage installation will need to be controlled by a single instance of BESSM, or an equivalent.
However, FOSS would need to be multi-tenanted and be able to manage and schedule multiple installations. Some of
this multiple tenancy is being included in the initial design at a simple level, and there is work within a separate project,
funded by DECC, to develop this extended functionality - however, for the SNS project there no requirements to
schedule a portfolio of storage devices.
The design of the UK Power Networks’ ESB message queues for SNS will have scalability built in. If more installations
came on-line then separation with the ESB is relatively simple via either the use of topics or separate queues.

6.5 Performance
Performance of the system as a whole is not a major concern as the volumes of data and speed of response required
over the UK Power Networks’ ESB are undemanding; reliability of data transfer is a greater concern. ESB architecture
relies on asynchronous data communications, however near real-time speeds are experienced on ESBs where the
underlying architecture is simple. In the SNS architecture the architecture is simple with a single message broker. A
minor delay (sub-second) in sending/receiving the data over the ESB would not cause any operational issues to the
SNS project or network assets.
The individual performance of the FOSS and ESSs, including the performance of their corresponding HMIs, is
considered below in their respective Sections.

6.6 Availability & Recoverability
The SOCS and the Storage Device at Leighton Buzzard are operationally important, however, they are not
indispensable to the operation of the UK Power Networks’ network. The two main components of SOCS have different
operational characteristics and can operate autonomously from each other. Each system has different availability and
backup requirements and these are described below.
The use of the UK Power Networks’ Message Broker ESB has been adopted for the data exchanged between
component systems and this will provide resilience and data persistence in the event of either system being
unavailable. The data retention on the ESB is set so the Recovery Time Objective (RTO) of FOSS will mean that no
data sent from the ESS will be lost in the event of an outage to FOSS, and vice-versa, if ESS becomes unavailable
then upon recovery the latest schedule can be re-read from the ESB. The ESB will have a BC1 availability rating.
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6.6.1

ESS

Any planned maintenance, including system upgrades, etc. of the storage system and the ESS will have to be
scheduled accordingly and included in any schedule. During these times the storage system will be off-line and the
local DNO network will have to operate without the support of the storage device. These maintenance activities will be
scheduled when the peak shaving service is not expected to be active, actively using the demand forecast to predict
these periods.
In the event of the ESS being unexpectedly unavailable then the whole storage system at Leighton Buzzard will be offline. In this scenario there is the obvious need to get the system back on-line as quickly as possible, especially during
any periods where the peak shaving service is actively engaged, is paramount. The support arrangements for the ESS
fall outside any existing arrangements due to the specialised nature and will rely on parties not previously engaged by
UK Power Networks for production support.
The BESSM system will be backed up after a system upgrade. In the event of a catastrophic failure the system will be
restored from a backup and then instantiated by downloading the latest schedule. There is no requirement to take
incremental backups of BESSM. BESSM can be reinitialised from a system backup and schedule as it does not
depend on internally held historical data.

6.6.2

FOSS

The SOCS is designed to function without the FOSS being available to enable trials and network support to still be
carried out during contingency scenarios. So long as the last schedule sent down remains valid then the ESS can
operate the storage device without the presence of FOSS. In the situation where FOSS is unavailable and the
schedule becomes invalid, then either the storage device will be put in idle mode or can be instructed to operate under
manual control.
FOSS will be hosted on the UK Power Networks’ vSphere/SAN infrastructure. The RTO has been defined at 24 hours;
this means the application can be classed as a BC2 application. The availability requirements will be met by using the
existing VMware vCenter facilities for virtual environment replication and SAN replication across data centres. This will
mean that an off-line disaster recovery (DR) system in the alternate data centre will be utilised in the event of a
significant failure at the primary data centre.

6.7 Supportability
Support responsibilities will be defined in the documentation describing the operation and support aspects, to be
created during the next stage of the project. For the duration of the Project, and due to the immaturity of the system,
the Project Office may remain involved in the support of the system. Once the project hands the storage over to the
BAU function then the support arrangements will be more formally defined.
Technology
FOSS
ESS
UKPN ESB
ENMAC (PowerOn)
RTU
PI

First Line Support
Helpdesk
Helpdesk / Control
Room
Helpdesk
RTS
RTS
Helpdesk/RTS

Second Line Support
CGI
S&C

Third Line Support
AMT-SYBEX / Other (See Below)
Various (See Below)

CGI
RTS
RTS
RTS/Capula

IBM
GE
GE
Various

The shaded rows indicate these components are the subject of existing support arrangements.

6.8 FOSS Architecture
6.8.1

Overview

The FOSS solution is being developed by AMT-SYBEX and is based on their AFFINITY Suite application. The main
application is coded in Java and deployed on IBM WebSphere Application Server with the data-layer deployed on an
ORACLE database.
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The FOSS will be deployed in the UK Power Networks’ data centre. There is no high availability requirement for FOSS.

6.8.2

Technology Architecture Components

System
FOSS Client

Technology Component (Version)
Internet Explorer 8

FOSS Web/App/DB Server

Physical Host (IBM x3850)

FOSS Web/App Server (Windows)

Virtual Host (Vmware ESXi - 4.1)

FOSS Web/App Server OS

Windows Server 2008R2 DC

FOSS Web/App Server
Application

WebSphere Application Server 8.5
AMT-SYBEX Affinity Suite

FOSS DB Host
FOSS DB Hypervisor

IBM P series p770/770+
PowerVm

FOSS DB server (AIX)

Virtual Host (LPAR)

FOSS DB Storage

76GB SAN Storage

FOSS DB O/S

AIX 7.1

FOSS DB database
FOSS Backup

ORACLE 11gR2
NetBackup 7.5

FOSS Security

Active Directory

6.8.3

Explanatory Notes
Users workstation/laptop for running FOSS User
Interface/Affinity Suite
The physical host for the FOSS architecture located
in the UKPN data centre
Provides a Windows Virtual host for the FOSS
App/Web Server
The operating system for the FOSS App/Web
Server
Application stack required for FOSS

Physical hosts for the FOSS DB server
Provides the hypervisor for the FOSS database
server
Provides a Windows Virtual host for the FOSS
database Server
Provides the storage for the data layer for the FOSS
database server
The operating system supporting the FOSS
database server
Provides the data layer for the FOSS application
Creates a daily backup of each of the FOSS
environments.
E-Safety authenticates using the IWA option on IIS.

Instance Requirements

The following virtual servers will need to be provisioned on the UK Power Networks’ vSphere/SAN infrastructure:
PROD FOSS AS (Application Server)
vCPU
4
Memory GB
16
Disk Space GB
50 (usable)
VLAN
PROD Front End
OS
Windows Server 2008R2 DC
Web Server
WebSphere Application Server 8.5
Application
AMT-SYBEX Affinity Suite

PROD FOSS DB (Database Server)
vCPU
1
Memory GB
16
Disk Space GB
75 (usable)
VLAN
PROD Back End
OS
AIX 7.1
Database Server
ORACLE 11gR2

UAT FOSS AS (Application Server)
vCPU
4
Memory GB
16
Disk Space GB
50 (usable)
VLAN
UAT Front End
OS
Windows Server 2008R2 DC
Web Server
WebSphere Application Server 8.5

UAT FOSS DB (Database Server)
vCPU
1
Memory GB
16
Disk Space GB
75 (usable)
VLAN
UAT Back End
OS
AIX 7.1
Database Server
ORACLE 11gR2
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UAT FOSS AS (Application Server)
Application
AMT-SYBEX Affinity Suite

UAT FOSS DB (Database Server)

The UAT environment needs to be configured on the VM host, but will remain quiescent until a request to activate the
environment is made.
The disk space quoted is the requirement for the application, i.e. over and above that required by the OS and installed
layered products.

6.8.4

Scalability

The initial deployment will be scaled to cope with a single storage installation and 5 years’ worth of schedules. Any
future increase will be the subject of future projects as further development would be required.

6.8.5

Performance

FOSS will need to generate schedules in a timely manner. The most critical of these will be the regeneration of the
schedule intra-day due to a triggering event. Schedules are divided by the half hour which would mean that an intraday schedule would need to be produced by the start of the next half hour period.
The system does not have many Users (2 to 3 concurrent at the most) and therefore User performance is not thought
to be an issue. The User experience may suffer during the periods that the schedule is being generated.

6.8.6

Supportability

Technology
Hardware
vCenter / OS
Database
Application
Storage / Backup

6.8.7

First Line Support
Helpdesk
Helpdesk
Helpdesk
Helpdesk
Helpdesk

Second Line Support
CGI
CGI
CGI
CGI
CGI

Third Line Support
CGI / IBM
CGI / VMWare / Microsoft
CGI / AMT-SYBEX / Oracle
AMT-SYBEX
CGI / Hitachi

Recoverability

FOSS will fit within the existing back-up and recovery policies applied with the data-centres. Any catastrophic failure of
the on-line system, both web server and database, is managed by the DR system at the alternate UK Power Networks’
data centre.
Any recovery from failure will be from backups and can be handled via the existing agreements. The system has been
rated a BC4 application as the RTO requirement is that the system shall be recoverable in 4 hours if all users are
impacted.

6.9 ESS Architecture
6.9.1

Overview

The ESS comprises of three main components: BESSM, BESDM & SMS.
BESSM
The BESSM hardware consists of two HP Proliant servers sharing a single storage device. The two servers are run as
a VM cluster, each of the two servers host two environments: one for the BESSM Control, which runs under a Linux
partition, and one for the BESSM SCADA, which runs in a Windows Server partition. The active/standby set up means
that the production BESSM service, which controls and monitors the storage devices, can be switched either in an
uncontrolled situation, thereby providing higher availability, or in a controlled situation which provides the ability to
perform on-line system upgrades. A UPS supports the BESSM rack.
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The BESSM SCADA links to the local SCADA devices and indirectly through to ENMAC. It also provides the BESSM
HMI.
The BESSM Control undertakes the scheduling components of the system by sending out set point controls to the
BESDM. It interfaces to the ESB for inter sub-system communication, i.e. with FOSS & KOMP.
BESDM
The BESDM system is a logical control unit which controls the state and power of the inverter via the Modbus TCP
interface of the SMS and the state, current and state of charge of all the batteries connected to one inverter via the
CAN (controller area network) interface of the rack BMS.
There are 6 pairs of embedded controllers that make up the BESDM system and are manufactured by Bachmann. The
controllers run VxWorks. Each BESDM consists of two devices each of which controlling 22 rack BMSs via CAN bus.
The BESDM provides three external interfaces to:
•
•
•

BESSM Control, which is a proprietary protocol based on SUN RPC
BESSM SCADA, based on Modbus TCP or IEC 60870-5-104
Younicos service, which is a proprietary protocol based on SUN RPC

SMS
The SMS comprises of a HMI computer and series of Master Controllers and Power Conversion Systems (PCS). Each
PCS is a combination of inverter and chopper units which directly control the power flow to/from the battery. The HMI is
used to monitor the status of the Master Control Units. All Master Controls are connected via optical fibre to a central
rack which itself is connected to a network switch connecting to an optical fibre ring comprising all the BESDMs.
The physical connectivity between these different components is shown in Appendix 10.7 – ESS Connectivity Diagram.

6.9.2

Technology Architecture Components

System
BESSM HMI Hardware
BESSM HMI O/S

Component (Version)
Hardware
Microsoft Windows 7

Explanatory Notes
Standard UKPN build or Younicos delivered
Software stack required for PC, or Standard
UKPN build (TBD)
Provides the BESSM User access
The physical host upon which the BESSM
SCADA and the BESSM Control
environments are hosted

BESSM HMI Client
BESSM Server Hardware

Zenon
Physical Host (HP ProLiant DL360 G8)
- Memory 128GB
- CPU 24 cores

BESSM Storage
BESSM Physical Server O/S
BESSM Hypervisor

Storage Hardware (HA Storage HP MSA
P2000 series)
- 2.0 Tbytes HA Store
Vmware vSphere ESXi 5.0
Vmware vSphere ESXi 5.0

BESSM

vSphere vCenter 5.0

BESSM SCADA Server OS
BESSM SCADA Server
database
BESSM SCADA Server
Application

Microsoft Windows Server 2008 R2
Microsoft SQL Server 2008 R2

OS for SCADA server VM
Data layer for SCADA server

Zenon SCADA

Application software for the SCADA Server

Provides the storage for the BESSM
environments
The OS of the physical host
Software providing the virtualised
environments
Software to manage the virtualised
environments
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System
BESSM SCADA Application
OS
BESSM SCADA Application
database
BESSM SCADA Application
BESSM Server Backup
BESDM Hardware

SMS HMI Hardware

6.9.3

Explanatory Notes
OS for SCADA application VM

MySQL 5.5

Data layer for SCADA server

Java 7, Apache Camel 2.11.x, Apache Karaf
2.3.x, Python 3.3
Backed up to Storage Hardware
Bachmann Electronic M1 MX220
- Memory 256MB DRAM; 512kB SRAM
- CPU LX700-433

Application software for the SCADA
application components

- storage 16MB File-Flash, 4GB CF-Card
VxWorks 5.5.1

BSDM OS
BESDM Comms

SMS HMI O/S

Component (Version)
Linux (DEBIAN v7)

A single LAN connection is assumed.
Modbus TCP Port 502, SMI (Sun RPC),
FTPS
Rack Mounted Industrial PC (S&C custom
design)
Hardware:
- 8GB RAM
Software
- Linux Ubuntu 10.01
- Mozilla 4.0.1 and later

Provides the HMI for SMS support

BESSM Instance Requirements

There are two physical hosts providing the active and standby environments that are clustered using VMware. Each
host will provide the following environments:
PROD BESSM APP
vCPU
Memory GB
Disk Space GB
VLAN
OS
Database
Application

4
4
80
Future Networks (FN VRF)
Linux (Debian)
MySQL 5.5

PROD BESSM SCADA
vCPU
8
Memory GB
16
Disk Space GB
240
VLAN
Future Networks (FN VRF)
OS
Windows Server 2008R2
Database Server
Windows Server 2008R2
Application
Zenon

A Virtual LAN connection is required between the active/standby installations via Virtualization cluster. Also a field bus
communication via LAN to BESDM and BESSM SCADA is necessary for system control/monitoring.

6.9.4

Availability & Recoverability

The BESSM system runs in active/standby arrangement supported by VMware clustering. In the event of the online
system failing the backup system will become the active service. As communication to the BESDM is via field bus
protocols the operation of the BESDM is unaffected during a failover. The following system failure/recovery scenarios
are identified:
Failure/Recovery Scenario
Transient failure, e.g.
intermittent communications
System failure, e.g. software
fault

Alarm
System reports error condition to
ENAMC via SCADA alarm.
System reports error condition to
ENMAC via SCADA alarm.

Recovery Action
System will either auto-recover or
require re-initialisation
System is reinitialised through a reboot
of the failed component. The storage
device is off-line whilst the system is
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Failure/Recovery Scenario

Alarm

Catastrophic failure of on-line
system, e.g. server component
failure
Failure of both the
online/standby systems

System reports error condition to
ENAMC via SCADA alarm.

6.9.5

No heart-beat signal reported to
ENMAC via SCADA

Recovery Action
unavailable during the down-time and
the period of re-initialisation
Failover to standby server. Reinstate
new server and rebuild software from
backup if required.
Storage device will enter “safe mode”
whereby there is no power flow from the
device.

Scalability

There are no scalability requirements for the ESS as the system controls a single storage installation.

6.9.6

Performance

The system will perform as a real-time system with instantaneous response to User commands. The BESSM HMI is
provided as a thick client with monitoring screens which require real-time graphic rendering. Some of the remote
BESSM HMI connections over the VN VRF may experience poor performance if multiple users are performing activities
that are putting a heavy load on the communications network.
The performance of the other SOCS components using the VN VRF (i.e. the SOCS ESB) needs to be considered
above that of the BESSM HMI, and hence there may be the need to restrict the bandwidth available to the BESSM
HMI. If such issues do materialise then providing a virtual desktop hosted at Leighton Buzzard can easily be introduced
to mitigate the issue.
The schedule will also execute with real-time accuracy. The BESSM architecture is designed with this principle at its
core and one of the principal reasons that the BESSM, BESDM & SMS components are located on site at Leighton
Buzzard.

6.9.7

Supportability

Due to the innovative nature of the project the support of the BESSM solution will be critical in its success. The
responsibilities will be defined in documentation describing service operation and support, to be developed during the
next stage of the project.
It is expected any problems with the ESS can either be signalled via the SCADA network as alarms visible on ENMAC.
A Global Monitoring Centre (GMC) is provided by S&C Electric that can take calls 24/7. Automatic signalling of SMS
status can also be provided directly to S&C Electric’s GMC.
Technology
BESSM HMI Hardware
BESSM HMI O/S, Antivirus, etc.
BESSM HMI Zenon App

First Line Support
Helpdesk
Helpdesk
Helpdesk

Second Line Support
S&C (GMC)
S&C (GMC)
S&C (GMC)

Third Line Support
Younicos
Younicos / Microsoft
Younicos / COPADATA

BESSM Server Hardware

Control Room

S&C (GMC)

HP

BESSM SCADA O/S
BESSM SCADA Zenon App

Control Room
Control Room

S&C (GMC)
S&C (GMC)

Microsoft
Younicos / COPADATA

BESSM Control O/S
BESSM Control App

Control Room
Control Room

S&C (GMC)
S&C (GMC)

Younicos
Younicos

BESSM Storage / Backup

Control Room

S&C (GMC)

Younicos

BESDM

Control Room

S&C (GMC)

Bachmann
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SMS Hardware
SMS O/S
SMS Application

Control Room/S&C
Control Room/S&C
Control Room/S&C

S&C (GMC)
S&C (GMC)
S&C (GMC)

S&C
S&C
S&C
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7 Security Architecture
Certain parts of the design in this section have been redacted in this document for confidentiality and security reasons.

7.1 Physical Security
The physical security requirements of the SNS project are addressed by Workstream 1 of the SNS project and have
been developed by UK Power Network’s (Physical) Security Team. The various physical security measures
implemented at site are out of the scope of this document, but will be integrated with the SOCS solution as shown in
Figure 26.

7.2 Network Security
Within the UK Power Networks’ landscape a zoned, defence network architecture exists across the business units.
This segregates the UK Power Networks’ network architecture into a series of VPNs with increasing levels of
separation from externally connected parties and the internet. The highest levels of protection surround the Operational
& SCADA networks which reside behind a series of firewalls from the “outside world”. The security arrangements within
the Operational and SCADA networks work on a series of guard levels that are enforced within the main firewall at the
UK Power Networks’ Control Room.

7.3 Application Authentication/Authorisations
7.3.1

FOSS

The FOSS Application server will need to be LDAP integrated (with a “bind” user) which will mean a domain user/pass
can be used. This does not infer single sign on.

7.3.2

ESS

BESSM uses standard LDAP functionality for authentication/authorisation. BESSM is able to use authentication
handling against LDAP repositories. Three user domain groups are mapped into the BESSM user-roles as follows:
•
•
•
•

Role “Viewer” - Domain group “bessm_hmi_viewers”
Role “Operator” - Domain group “bessm_hmi_operators”
Role “Reports” - Domain group “bessm_hmi_reports”
Role “Administrator” - Domain group “bessm_hmi_administrators”

Access to the ESS HMI is control by username and password on the computer. Users are assigned to a group with
specific access rights.

7.4 Security Architecture Risk Assessment
As part of the security risk assessment of the SOCS solution the various risks have been identified and risk mitigation
and control measures proposed where appropriate.
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8 Testing Architecture
8.1 Testing Overview
The following test phases have been identified with the SNS Project:
1.
2.
3.
4.
5.
6.
7.
8.

System Testing
FAT (Factory Acceptance Testing)
SAT (Site Acceptance Testing)
SIT (System Integration Testing)
UAT (User Acceptance Testing)
NFT (Non-Functional Testing)
OAT (Operational Acceptance Testing)
CPT (Cutover Process Testing)

All testing phasing will be undertaken during the commissioning of the Storage Device and SOCS. Most of the precommissioning testing will take place on the Production platform; post go-live system upgrades/release will undergo
testing of selective phases, dependent on the content of the release, and will be undertaken on the UAT environment.

8.2 Testing Environments
Prior to go-live there will be a single instance of the SOCS solution and this will be used as the primary testing
environment. This environment will be configured as a test environment initially to support SAT, SIT UAT and NFT,
once these test phases are completed the environment will be prepared for live service. OAT and CPT will be carried
out on this newly cleansed environment just before activating live service.
Post go-live, a BaU test architecture will need to be defined.

8.3 Testing Phases
8.3.1

System Testing

For the development of the SNS SOCS solution, Unit Testing and System Testing of the developed products are to be
undertaken by Third Party Software Suppliers (For this Project it will be S&C Electrics, Younicos and AMT-SYBEX), in
accordance with their own standards and procedures.
The purpose of system testing will to ensure upgraded modules pass the functional tests. It is expected that the
‘Showcases’ would be exercised throughout this period and therefore provoke an element of witness testing.
Testing is to be carried out at the Suppliers’ own premises on their own infrastructure

8.3.2

Factory Acceptance Testing

Formal witnessed Factory Acceptance Testing (FAT) of the product(s) will be undertaken at Suppliers’ offices against
previously supplied Test Scripts; this testing will have an agreed exit criteria concerning the number and severity of
defects allowed at the end of the phase. In addition, formal targets for non-functional requirements will be set.
Formal Defect Registers are to be shared between Suppliers and DNO (UK Power Networks)
Following successful exit from FAT, both functional and non-functional testing of the development will be undertaken
on a dedicated test environment at UK Power Networks through a myriad of test phases; there will be agreed exit
criteria concerning the number and severity of defects (and any plans for remedial action) permitted at the end of the
phase.
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8.3.3

Site Acceptance Testing

Once FAT testing has passed the acceptance criteria, the Upgrade solution will be packaged by the suppliers as a
release and deployed onto the new UK Power Networks’ infrastructure. Once successfully deployed, System
Acceptance Testing (SAT) can commence which will be executed by UK Power Networks.

8.3.4

System Integration Testing

System Integration testing SIT) is required to validate that all interfaces of the solution function on the new UK Power
Networks’ infrastructure.
Note: there will be a need to review the integration with other (test) systems; their configuration will need to change as
the SOCS environments are repurposed (test to live etc.).

8.3.5

User Acceptance Testing

User Acceptance Testing (UAT) will be conducted on the new UK Power Networks’ infrastructure to validate that all the
Business Processes function ‘end to end’ as expected.

8.3.6

Non Functional Testing

Non Functional Testing (NFT) is required to validate that all the non-functional requirements are satisfied on the new
UK Power Networks’ environment

8.3.7

Operational Acceptance Testing

Operational Acceptance Testing (OAT) to be carried out on the new UK Power Networks’ environment to validate that
all the BAU operational functions of the solution are in place and fully supported

8.3.8

Cutover Process Testing

To be carried out on the new UK Power Networks’ environment previously utilised during the project for User
Acceptance, Performance and Integration testing. Hardware Suppliers are to provide Business As Usual (BAU) support
for this environment.
To ensure new hardware software or solutions being deployed on the UK Power Networks’ environments in
accordance with expected operational requirements
Prior to the acceptance of the new infrastructure the Hardware Suppliers (CGI, Younicos and S&C Electric) will have
installed the environment(s) and integrated the hardware components as per the infrastructure design.

8.4 Summary
#

Test Phase

Test Environments

Who Runs

Who Witnesses

1

System Testing

Suppliers’ own premises on their own
infrastructure

Younicos

AMT-SYBEX

N/A but a System Test
Report written by
Suppliers will be provided
for review

Younicos

UKPN

2

FAT

Suppliers’ offices against previously
supplied Test Scripts

S&C

S&C
AMT-SYBEX
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#

Test Phase

Test Environments

Who Runs

Who Witnesses

3

SAT

Operational SOCS architecture (prior to
commissioning)

UKPN

Younicos
S&C
AMT-SYBEX

4

SIT

Operational SOCS architecture (prior to
commissioning)

Hardware Suppliers

UKPN

5

UAT

Operational SOCS architecture (prior to
commissioning)

SOCS Project Test
Team

Younicos
S&C
AMT-SYBEX

6

NFT

Operational SOCS architecture (prior to
commissioning)

Hardware Suppliers

UKPN

7

OAT

To be carried out on the new UKPN
environment to validate that all the BaU
operational functions of the solution are
in place and fully supported

UKPN

Hardware Suppliers

n/a - Production Environment

UKPN

Hardware Suppliers

(Operational
Acceptance
Testing)
8

CPT
(Cutover Process
Testing)
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9 Definition of Terms
Term

Definition

AD

Active Directory

ARB

Architecture Review Board

BC

Business Criticality Rating - a measure used to define system support levels (1
(High) – 4 (Low))

BESD

Battery Energy Storage Device

BESDM

Battery Energy Storage Device Management

BESSM

Battery Energy Storage System Management

BMS

Battery Management System

BMU

Balancing Mechanism Unit

BPMN

Business Process Model and Notation

CAN

Controller Area Network

CB

Circuit Breaker

CPT

Cutover Process Testing

DAB

Design Authority Board

DFFR

Dynamic Firm Frequency Response

DNO

Distribution Network Operator

DNP3

Distributed Network Protocol

DP

Dynamic Programming

DR

Disaster Recovery

ENMAC

ENMAC – UK Power Network’s Network Management System

ESB

Enterprise Service Bus

ESS

Energy Storage System

FCDM

Frequency Control Demand Management

FEP

Front End Processor

FPP

Flexible Plug and Play

FOSS

Forecasting, Optimisation & Scheduling System

HH

Half-hour

HVAC

Heating, Ventilation & Air Conditioning

HMI

Human Machine Interface

IT

Information Technology

KOMP

KiWi Operational Management Platform

LADD

Logical Architecture Design Document

LCNF

Low Carbon Network Fund

LDAP

Lightweight Directory Access Protocol
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Term

Definition

MAE

Mean Absolute Error

MAPE

Mean Absolute Percentage Error

MPLS

Multiprotocol Label Switching

NFT

Non Functional Testing

OAT

Operational Acceptance Testing

Ofgem

The Office of Gas and Electricity Markets

OGL

Open Government License

OS or O/S

Operating System

PCS

Power Conversion System

PI

OSiSoft PI Database - UK Power Network’s Operational Database

RTO

Recovery Time Objective

RTU

Remote Terminal Unit

RPO

Recovery Point Objective

SAT

System Acceptance Testing

SCADA

Supervisory Control and Data Acquisition

SDLC

System development life cycle

SDRC

Successful Delivery Reward Criteria

SFFR

Static Firm Frequency Response

SIT

System Integration Testing

SNS

Smarter Network Storage

SOCS

Scheduling, Optimisation & Control System

STOR

Short-term Operating Reserve

TSO

Transmission System Operator (in the UK this is National Grid)

UTC

Coordinated Universal Time

UAT

User Acceptance Testing

UKPN

UK Power Networks

VLAN

Virtual Local Area Network

VPN

Virtual Private Network

VRF

VPN Routing and Forwarding

XML

Extensible Markup Language

XSD

XML Schema Definition

Shaded rows are project defined terms
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10 Appendices
10.1 Appendix 10.1 – Normalised Service Portfolio Parameters

10.2 Appendix 10.2 – Output Modes and Parameters

10.3 Appendix 10.3 – Statement of Requirements (SoR) Document

10.4 Appendix 10.4 – SCADA & Storage Monitoring Requirements

10.5 Appendix 10.5 – Energy Pricing Data Template

10.6 Appendix 10.6 – SOCS High Level Technical Architecture Diagram (Redacted)

10.7 Appendix 10.7 – ESS Connectivity Diagram

10.8 Appendix 10.7 – Requirements Matrix
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