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Project Overview

The Resilience as a Service - Raa$ - innovation project seeks to improve the operational resilience of electricity
distribution networks in areas that are susceptible to power outages.

The aim was to develop and trial a new market-based solution which can swiftly and automatically restore
supply to customers in the event of a fault on the upstream network using services provided by an Energy
Storage System and incorporating local Distributed Energy Resources. Figure 1 provides a high-level illustration
of the RaaS scheme.

The RaaS concept represents a flexible solution for areas where conventional reinforcement to provide network
resilience would be prohibitively costly. Through temporary operation of the downstream network in islanded?
mode, RaaS would maintain supply to customers allowing time for the DNO to respond to the issue. At other
times, a RaaS Service Provider may be able to use the battery to provide other services to the electricity system,
supporting the economics of the solution.

The provision of cost-effective local network resilience would improve security of supply for customers, with
local renewables also able to continue generating and exporting energy at times when that zero carbon
electricity, and any associated income, would otherwise have been lost.

This project was a partnership between Scottish & Southern Electricity Networks Distribution (SSEN Distribution),
E.ON and Costain, and has been awarded funding through Ofgem’s Network Innovation Competition (NIC).

In addition to demonstrating the technical concept, the project addresses the commercial framework for RaasS -
recognising the investment case for RaaS Service Providers with potential options for revenue stacking in other
markets, the financial case from a DNO perspective to represent a cost-effective solution for customers, and
regulatory considerations around use the of local energy resources to improve network resilience.

Following a positive stage gate decision? the project moved to construction and installation of a pilot scheme at
the selected trial site®. This included detailed testing and commissioning to evidence system performance and
live trial operation results providing evidence of the technical capability and performance of the RaaS scheme.

The importance of enhanced resilience in our energy systems increases as the impacts of climate change continue
to be seen through extreme weather events.
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Figure 1:Schematic of the RaaS solution supporting a 33kV to 11kV primary substation

Yin islanded mode, an area of the network is disconnected from the main electricity grid and operates independently

2 PD4 ‘Stakeholder Engagement & Stage Gate Decision’

3 Drynoch, Skye - the trial site selection process is documented in RaaS E2a.1 ‘Site Selection Report
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https://ssen-innovation.co.uk/wp-content/uploads/2022/02/RaaS-PD4-Overview.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-Site-Selection-Report-E2a.1.pdf

Introduction to PD8

This deliverable introduces the activities undertaken within the Resilience as a Service (RaaS) project to meet the
requirements of Project Deliverable (PD8) set out below, as defined in the Project Direction.

Project Deliverable 8 - BAU Preparation
B 1. Provision of technical guidance to support scheme design for future sites.

B 2. Engagement and consultation with other Distribution Network Operators (DNOs) and the wider industry
to support and foster the future development of RaaS.

This document sets out the key considerations for a successful Business as Usual (BAU) rollout, focusing on the
technical and environmental factors essential to deploying the BESS and RaaS systems across future sites. It
reflects a robust and evidence-led approach, building on the insights and project outcomes.

Project Deliverable 8 (PD8) details the stages of BAU delivery, from the initial scalability assessment through to
network integration. It reviews the current performance of the selected site, including network topology,
demand characteristics, and existing protection and earthing arrangements. This forms an initial desktop
assessment to confirm the suitability of the BESS specification for the site, with the resulting specifications and
key recommendations supporting future deployment of the Raa$S system.

The project establishes a structured approach for future deployment, covering site screening, BESS sizing,
integration requirements, and operational control.

The document details the evolution of the project scope, demonstrating a considered and strategic approach to
delivery in response to emerging insights. This includes the decision not to proceed with a second-site trial,
ensuring resources remain aligned to the most effective path for rollout.

These outputs provide a practical foundation for network operators DNOs and industry stakeholders to assess
and implement RaaS solutions, while also identifying opportunities for future engagement and dissemination to
support ongoing development and deployment.

Project reports and associated material are available to all interested parties via
https://ssen-innovation.co.uk/raas.

Appendix 1 presents the Project Deliverables defined in the RaaS Project Direction.

Appendix 2 Provides a glossary of terms.
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Alterations from initial scope of the deliverable

The initial project scope included the delivery of a second site as part of PD8 however, a number of constraints
were identified, resulting in a revised approach. Consequently, the decision was taken not to proceed with a
design of the second site at this stage, with the rationale set out below.

While focusing on a single site limited the ability to assess the full capacity and scalability of RaaS, introducing
additional sites can increase complexity due to added operational constraints. As the number of sites increases,
so do operational requirements such as management, maintenance, materials, and cost.

Complexity is also introduced by the rapid evolution in battery and BESS technology. As the technology
continues to develop, assets risk becoming obsolete or too expensive, potentially limiting the effectiveness of
RaaS. Hence a design decision must be considered between the deployment of proven technology and future
battery developments.

In addition, suitable sites with sufficient export capacity are difficult to identify, as network constraints limit
where large assets such as BESS can connect. The Connections Reform, a major overhaul of the UK electricity
grid connection process designed to clear backlogs, prioritize viable projects, and accelerate clean energy
delivery for 2030 and beyond, introduced uncertainty due to lengthy application queues and procedural
changes, which results in increased waiting times and delays. Furthermore, changes and uncertainty in ancillary
services mean that RaaS alone is a less reliable financial solution, particularly given fluctuations in pricing,
regulatory frameworks, and overall market requirements.

Key Challenges to BAU Roll Out

The project has identified some considerations for future BAU roll out; these include:

B Lack of export capacity on majority of RaaS suitable sites - most sites, that are deemed Raa$ capable, present
a lack of export capacity which in hand reduced the opportunity for the BESS to participate in flexibility
markets and overall reduces the potential return of investment (ROI) for the scheme.

B Regulatory limitations - Current electricity network charging arrangements are designed to recover fixed
network costs from sites with import capacity and any element of final demand, rather than reflecting
system value or utilisation. As a result, low-utilisation assets such as RaaS-based BESS, which primarily
provide resilience and flexibility services, remain exposed to capacity-based charges and standing charges
that are disproportionate to their energy throughput. This reduces the potential for RaaS deployment.

B Limited DNOs experience with RaaS and BESS technology — Raa$ project has successfully installed BESS and
integrated it to the existing infrastructure at primary substation at Drynoch increasing significantly
understanding of BESS based solutions for operational and control stuff. Also, other BESS projects are
currently under development, and this technology is recognised as a valuable solution which can be used
help to operate network more efficiently. However, DNO experience, knowledge and capability to install
BESS and operate it, needs to be further developed.

B Regulatory constraints on asset ownership — Existing regulations limit the ability of Distribution Network
Operators (DNOs) to directly own and operate Battery Energy Storage Systems (BESS). This narrows the
range of viable delivery approaches and can hinder the deployment of optimised solutions aimed at
improving network resilience and flexibility.

B Misaligned cost structures for service provision — Current electricity and operational charges applied to
assets delivering Resilience as a Service (RaaS) remain relatively high compared to their realised
performance output. The charging framework for BESS supporting DNO/DSO services, such as resilience,
would benefit from reassessment to better reflect the value of their actual operational contribution.
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B Barriers in connection reform and queue management — Existing connection protocols do not prioritise the
Raa$S system. For future deployment, regulations need to be amended to allow RaaS infrastructure to
facilitate a timely connection and operation.

The project also identified some remaining technological constraints that need to be addressed before BAU roll
out. These include:

B Lack of “off the Shelf” solutions available for RaaS requirements - Currently the market lacks a solution to
successfully provide the Raa$ system, specifically the absence of providing 3-5MWh energy storage with 5-
7MVA fault level capability still lacks in the market. This existing lack of this technology provides a more risk
in the technological deployment during BAU scenarios.

B Therequirement of standardising connections and integration approaches - the integration of the BESS onto
the network and the addition of other services still proposes a level of complexity as each site needs to be
evaluated based on site requirements for battery size, fault level and protection study. This provides more
difficulty in RaaS adoption with the current procedures. A standardised protocol for BESS connection will
need to be agreed for better integration.
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Initial Scheme Screening and Feasibility Assessment

The process of selecting a primary substation that could benefit from a RaaS system begins with an analysis of a
specific section of the distribution network. This involves assessing a combination of technical, operational, and
location-specific network factors to support an initial desktop conceptual study. However, it is equally important
to consider the broader network suitability beyond the immediate area.

Key factors influencing the financial viability of a RaaS solution include the availability of export and import
capacity, existing constraints within both the distribution and transmission systems, and the status of the
generation connection queue, including expected connection timelines.

Raa$ systems are primarily suited to primary substations supplied by a single 33 kV feeder, where conventional
reinforcement or the installation of an additional supply circuit is either technically challenging or financially
prohibitive. In addition, areas of the network that experience a high frequency of interruptions or prolonged
restoration times may also be strong candidates for RaaS deployment.

Provision of technical guidance to support scheme design for future sites

The following sections outline additional considerations for the initial screening, feasibility assessment and
optioneering of a potential RaaS scheme.

Historical Outage Performance and Asset Risk

The reliability, number, and length of interruptions are key components in assessing whether Raa$S could be a
suitable solution to improve resilience. The following cost of components and incentives mechanisms should be
calculated to assess DNO “Willingness to Pay” (WTP) as described in PD3 and PD7:

B Number of faults / Customer Interruption (Cl) incidents

B Average time off supply / Customer Minutes Lost (CML)

B IS (Interruption Incentive Scheme) costs - Cls & CMLs

B Common Network Asset Indices Methodology (CNAIM) asset condition
B Probability of failure

B Consequence of failure

B P2/8 compliance - capability to restore the load via the 11 kV network

B Worst served customers

Reinforcements

Traditional reinforcement with associated cost, delivery time and environmental impact would need to be
investigated and compared against RaaS service procurement. Conventional alternatives can be assessed by
considering:

B Indicative per km cost of reinforcement
B Indicative fixed cost of reinforcement

B Established plans for reinforcement
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B Current temporary diesel generation requirements

B Environmental and visual impact

Network Topology

Network import and export capacity for the RaaS proposed site needs to be assessed. It is important for the
financial feasibility (“Willingness to Accept” (WTA)) of the RaaS system and its ability to participate in system
auxiliary services. The maximum available import and export on distribution and transmission networks is a key
factor in determining how much income BESS providing resilience can generate. Also, initial assessment of the
suitable point of connection of BESS at 11 kV network needs to be carried out.

Assessment of Local Demand and RaaS Requirements

Local demand profiles and the necessary power capacity to maintain uninterrupted supply during upstream
faults or islanding events should be evaluated. This assessment can be performed using half-hourly data and
outage records, which together inform the minimum requirements for the Raa$S solution. The potential to
dynamically adjust the RaaS requirements based on predicted demand should also be considered as this may
free up extra capacity for flexibility services.

The following items need to be evaluated to determine energy storage requirements:
B Number of customers

B Existing peak and minimum load demand

B Daily and seasonal load variability

B Load diversity across feeders

B Forecast load growth

B Existing embedded generation

B Forecast generation growth

Protection and Earthing

In islanded operation, the PCS is the principal source of fault current, so its current-limited behaviour constrains
protection performance. The required fault current defines minimum PCS current capability, including
continuous rating, transient overcurrent duty, fault current duration and fault-time control behaviour. To identify
required fault level contribution existing protection and earthing arrangements operation needs to be
considered:

B Protection complexity
B Suitability of protection philosophy to support islanded operation
B Likelihood of extensive protection re-engineering

B Earthing arrangement
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Location and physical space requirements for BESS

The energy capacity, power rating, and fault response capabilities of a BESS directly influence the physical space
needed for installation. As these technical characteristics increase, the space required for the BESS also grows,
making them important factors in site selection and layout planning. It is required to consider whether the site
is practically suitable for a future RaaS scheme by reviewing:

B Early-stage assessment of planning and consenting constraints

B Space for a BESS adjacent to local network assets

B Space required for additional DNO equipment, HV switchgear, controls and earthing transformer
B Transportation factors and accessibility to site

B Geographical clusters of potential RaaS sites
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Network Integration

The DNO is responsible for defining the overall integration of the RaaS system within the network, including the
point of network isolation for islanding, BESS point of connection, earthing arrangement, interaction with
substation equipment, and interfaces with control and protection systems. This shall include development of a
single line concept and an assessment of the adaptations or replacements required to accommodate Raa$S and
other flexibility services functionality. Network integration activities would benefit from early coordination with
BESS suppliers.

Successful RaaS BESS integration depends on robust simulation, adapted protection and earthing systems,
careful electrical design, and clearly defined operational control. These elements collectively ensure safe, stable,
and reliable network performance in both normal and islanded operation. The following sections outline
additional considerations for network integration of a RaaS scheme.

Simulation and Modelling Requirements

A range of simulation scenarios should be considered, including network faults, transitions between operating
modes, switching events, and interactions with distributed energy resources. These studies should assess
inverter-based system behaviour, including BESS dynamic response, its influence on voltage performance and
protection operation, and the manufacturer-specific control response under fault conditions.

With the input of BESS suppliers, RMS-based tools can support early-stage feasibility and screening, while higher-
fidelity techniques such as EMT modelling can supplement RMS studies during the detailed design stage.

Protection and Earthing

The suitability of the existing protection and earthing arrangements for operation with inverter-based generation
shall be assessed. Consideration shall be given to the limited fault current contribution of the anticipated BESS
systems and its impact on protection sensitivity, grading, and selectivity. A protection philosophy for islanded
operation shall be defined, including the acceptable level of selectivity and the system response to downstream
faults. Where required, modifications to protection settings, additional protection functions, or revised operating
principles shall be identified and minimum BESS inverter fault rating shall be defined.

Simulation studies form a core component of RaaS scheme development, supporting validation of system
performance under both grid-connected and islanded operating conditions, with particular focus on fault
response, protection coordination, and overall system stability.

For RaaS applications, the earthing arrangement of the islanded network should be assessed to confirm that a
suitable earth reference is maintained following separation from the upstream system. Where the existing
transformer and network arrangement do not provide appropriate neutral earthing and earth fault behaviour
forislanded operation, additional measures such as an earthing transformer or other neutral earthing equipment
may be required.

Electrical Integration Requirements

Connection of a RaaS BESS to the distribution network will require a dedicated circuit breaker on the DNO
switchboard. Where feasible, this may be achieved by extending the existing switchboard or using a suitable
spare circuit to connect the BESS transformer. If a compatible extension cannot be provided, replacement of the
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switchboard may be necessary. The electrical integration requirements should also consider the BESS
transformer arrangement, including rating, impedance, vector group, tap range and physical interface with the
point of connection, to ensure compatibility with both grid-connected and islanded operation.

Where an earthing transformer is required, its electrical interface shall define the connection arrangement to
the 11 kV system, associated isolation and, where operational flexibility or fault management requires it, a
dedicated circuit breaker.

Electrical integration should also consider how voltage will be regulated at the substation and across the
supported network section, including the interaction between the BESS, the primary transformer tap-changer
and the existing automatic voltage control scheme.

Operational Control

The operational control architecture shall clearly define the roles and responsibilities of the DNO Control Room,
RaaS controller and the BESS EMS during grid-connected and island operation. In a conventional application, the
EMS might provide a greater degree of control over network isolation points and synchronisation breakers, and
network monitoring; however, for RaaS schemes this responsibility remains with the DNO.

The specific allocation of functions between the DNO Control Room, RaaS controller and the EMS may vary
between DNOs and shall be defined in accordance with the relevant network operator’s regulatory requirements,
operational requirements, control philosophy, and system architecture.

Synchronisation and Transition Control

The DNO shall define the functional requirements for synchronisation and transition between operating modes.
These functions would typically be delivered by the RaaS controller, which shall coordinate islanding,
reconnection, and associated control actions in accordance with the DNQO’s operational and protection
requirements.

Black Start Requirements

The DNO shall assess the feasibility of black start energising the network from the BESS. This shall include
evaluation of transformer inrush currents, connected load characteristics, and the existing network topology and
switching capability. The assessment shall consider the extent to which the network can be sectioned during
restoration and the level of automation available. Where necessary, additional measures shall be identified to
enable successful restoration, which may include staged energisation strategies, enhanced switching
arrangements, point-on-wave switching, or increased BESS power capacity.
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BESS Supplier and System Requirements

Once the suitable Raas site is identified and parameters of the system and network capacity is defined by the
DNO, the specification and offer will be passed to the RaaS provider to supply their offer for the service. BESS
suppliers will need to consider a number of key elements, outlined in the following sections, but starting with
conceptual design and planning permission if required.

Conceptual Engineering Design

A conceptual engineering design defines the key considerations for implementing RaaS and flexibility services
within a specific network area. It establishes the indicative system size needed to assess potential sites and the
space required for BESS installation. At this stage, the design should consider preliminary layout design,
construction logistics, commercial delivery and operability models, and battery selection. Together, these
activities help demonstrate that the scheme is technically feasible and deliverable, allowing only sites with a
credible route to consent and delivery to progress to planning.

Planning Permission

For future RaaS schemes, the planning application would typically be submitted by the Raa$S Service Provider as
the asset owner and developer of the BESS, with the DNO providing land access (where applicable), technical
approval and supporting justification, but not ordinarily acting as the applicant.

The scope and level of planning application detail will vary depending on site-specific constraints. Pre-screening
of the site will help identify constraints and reduce technical, environmental, and delivery risks. Pre-screening
could include confirmation of network integration feasibility, desktop and site-level constraint screening,
environmental (EIA) screening, early engagement with the Local Planning Authority, and verification of land and
access arrangements. It will also need to identify the key environmental assessments to understand and manage
site constraints. The following aspects of the planning application will need to be considered:

B Planning Statement

B Design & Access Statement

B Site Layout + Elevations

B Flood Risk Assessment

B Utilities Connection Statement

B Fire Safety Strategy (including battery safety, separation distances, and emergency response)
B Noise Impact Assessment

B Landscape and visual impact assessment

B Ecology Impact Assessment and Biodiversity Net Gain report

B Arboriculture survey
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BESS System Layout

The BESS system layout should be developed to support safe operation, maintainability, constructability, and
effective integration with the network point of connection. The concept layout should identify the location and
arrangement of the main plant items, required safety separations, access routes, cable routing corridors, fire and
emergency access provisions, and the space needed for installation, maintenance and future replacement of
major components. The layout should also consider auxiliary and control equipment, interface requirements with
existing DNO assets, and any constraints affecting delivery or future expansion.

Raas sites that require a BESS below 5MWh should consider compact/integrated BESS configurations as they can
offer a reduced footprint and simplify onsite works.

The following layout considerations should be addressed:

The layout should define the arrangement of battery enclosures, PCS or inverter units, transformers, AC
collection equipment and auxiliary systems to support safe operation, efficient cable routing and practical
access for installation and maintenance.

Battery enclosures should allow for internal equipment, thermal management, safe separation distances
and any required fire mitigation measures.

PCS or inverter enclosures should be located to minimise cable lengths where practicable and should allow
for ventilation, heat rejection, replacement access and operational clearances.

LV AC collection and protection equipment, including combiner panels, AC distribution boards and
associated switchgear, should be positioned to allow practical cable termination, safe access and
maintainability.

Step-up transformers and any earthing transformer or neutral earthing equipment should be located with
due regard to clearances, bunding, lifting access, maintenance requirements and interface with the network
connection point.

Control, communications and auxiliary systems, including EMS, SCADA interface panels, RTU equipment,
Uninterruptible Power Supply (UPS) and auxiliary LV supplies, should be provided within secure and
accessible locations that support both routine operation and fault investigation.

HV, LV and communications cable routes, trenches and jointing areas should be identified at concept stage
to preserve clear routing corridors, maintain segregation where required, and avoid conflicts with access,
maintenance or future replacement activities.

The layout should incorporate fire safety and emergency access provisions, including separation distances,
fire appliance access, escape routes and any designated stand-off zones required for safe operation of the
BESS installation.

Provision for containment and controlled management of contaminated firefighting water should be
considered as part of the concept design, fire strategy and drainage design

The layout should allow for construction, lifting and future replacement of major components, including
delivery access, crane set-down, unloading, temporary works space and working clearances required over
the life of the asset.

Where appropriate, the layout should allow for future modification, replacement or expansion without
disproportionate disruption to the installed scheme.
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Site Surveys

The initial DNO analysis will facilitate a detailed desktop-based assessment by the RaaS BESS supplier. This should
focus on factors that influence the technical design and integration of the BESS into the local network, criteria
relevant to the practicability of construction, delivery and operation, and site factors that are likely to influence
planning and consenting.

Factors to consider:

B Site locations within hardwired communications distance of proposed islanding location.

B Site locations adjacent to proposed island network assets

B Land ownership, land rights, third-party constraints and access rights

B BESS system layout and indicative equipment footprint

B Space availability for both construction and CDM requirements

B Underground or overhead obstacles and utility diversions

B Ground conditions, drainage and abnormal civil engineering requirements

B Flood risk, surface water constraints and drainage outfall availability

B Existing flora and fauna, and protected habitats

B Arboriculture constraints including tree protection and root protection areas

B Landscape and visual sensitivities, including screening requirements and visibility from public viewpoints
B Heritage and archaeological constraints, including listed assets and conservation areas where relevant

B Transportation factors and accessibility to site (e.g. road access, bridges, ferries, load limits, access
restrictions)

B Public rights of way, easements and other route or boundary constraints

B Proximity and nature of neighbouring properties, including potential noise and amenity sensitivities
B Fire access, emergency response access and operational safety stand-off requirements

B Suitability of existing DNO equipment for the integration of the BESS and the application of RaaS

B DNO RaaS equipment space requirements and any associated planning implications for ancillary equipment

BESS Control System

The BESS shall incorporate a real-time local control system capable of delivering reliable, secure, and fast-
response operation across all operating modes. The controller shall interface with key subsystems including the
Battery Management System (BMS), Power Conversion System (PCS), switchgear, safety systems, UPS, metering,
and auxiliary plant using deterministic communication protocols.

The control system shall provide coordinated management of the BESS, including:

B Dynamic control of active and reactive power setpoints

B Continuous system monitoring (status, limits, breaker positions, safety systems)
B Automated fault detection and transition to safe operating states

B Thermal management of PCS and battery systems
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B Bidirectional communication with EMS
B Remote diagnostics and fault resolution

B Black start recovery.

The controller shall support operation in grid-connected and islanded modes, including seamless transitions and
synchronisation with the network.

The BESS control system shall be capable of transitioning the plant to a low-power or shutdown state following
a total loss of power for an extended period, and of managing an orderly return to service when auxiliary and
control power is restored without local attendance.

The BESS control system shall provide a high level of functional integration with BESS subsystems. Those
subsystems shall incorporate secure remote access and diagnostic capability to support remote monitoring, fault
investigation and operational support, and shall not rely solely on basic communications interfaces such as
Modbus for these functions.

High-speed communication and control (millisecond-level response) shall be implemented to meet RaaS and
flexible services performance requirements, ensuring rapid response to grid events and dispatch signals.

The system shall be IEC 61131-3 compliant, modular, and scalable, with performance dependent on configurable
software control and manufacturer-specific implementation.k

BESS PCS

The Power Conversion System (PCS) is a critical part of the RaaS BESS, as it determines how effectively the system
can operate in both grid-connected and islanded conditions. Its performance directly affects the ability of the
BESS to support network resilience during faults, loss-of-supply events, and restoration activities.

For RaaS applications, the PCS should support the following core operating capabilities:

B Operation in both grid-following and grid-forming modes.

B Provision of voltage and frequency reference during islanded operation.

B Support for network stability in both normal and abnormal operating conditions.

B Controlled transitions between grid-connected, islanded, and black start operating states.

B Delivery of flexibility services in parallel with, or in addition to, the primary RaaS function.

Where flexibility services are provided, the PCS design should ensure that these do not compromise the primary
resilience function. Appropriate control priorities, operational limits, and coordination arrangements should
therefore be defined as part of the overall system design.
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The dynamic performance of the PCS is fundamental to stable operation across all modes. In particular, it should
provide:

B Fault ride-through capability.
B  Controlled current limiting during network disturbances.

B Stable operation across a range of loading conditions and network strengths.

The PCS should also support controlled transition functions essential to RaaS operation, including:
B Automatic islanding following network faults.
B Resynchronisation and reconnection to the grid.

B Black start energisation of the local network.

These transitions should be achieved without causing unacceptable voltage or frequency disturbances. During
black start and network energisation, the PCS should also be capable of managing transformer and feeder inrush
currents while maintaining voltage stability.

To improve availability and service continuity, PCS configurations should incorporate multiple modular inverter
units where practicable. This allows partial operation in the event of an individual unit failure and improves
overall system resilience for both RaaS and flexibility services. For remote sites, the PCS and associated control
systems should also support secure remote access to high-speed diagnostic tools and event recordings to enable
timely fault investigation and technical support without immediate site attendance.

BESS Battery

Battery selection is a key design decision for RaaS BESS installations, as it affects system performance, safety,
thermal management, auxiliary demand, spatial requirements, and long-term operational reliability.

The battery chemistry shall be selected and integrated such that it supports safe, reliable, and efficient operation
of the RaaS BESS. The impact of battery selection on HVAC systems, fire protection, auxiliary systems, and spatial
design shall be fully considered to ensure compliance with safety requirements and long-term operation al
performance.

Battery Management System Functional Requirements

B  The battery system shall include a Battery Management System (BMS) that continuously monitors cell,
module and string conditions, including voltage, temperature, current, state of charge, and state of health.

B The BMS shall provide protection functions for overvoltage, undervoltage, overtemperature, under
temperature, overcurrent, insulation or isolation faults where applicable, and any other conditions that could
lead to unsafe operation or accelerated degradation.

B The BMS shall initiate alarms, derating, controlled shutdown, or battery isolation as appropriate to the
severity of the detected condition, with fail-safe behaviour defined for loss of communications, sensor
failure, or internal BMS fault.

B  The BMS shall provide accurate and time-aligned operational data, alarms, and event records to the local
control system, EMS, and other approved monitoring interfaces to support real-time control, diagnostics,
and post-event investigation.
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The BMS shall support coordination with the BESS Control System, PCS and thermal management systems
so that battery operating limits are actively enforced during charge, discharge, standby, black start, and
recovery from outage conditions.

The BMS shall be capable of supporting remote diagnostics, alarm review, and retrieval of high-resolution
event and trend data, particularly for remote sites where prompt technical assessment may be required
without immediate site attendance.

The BMS architecture should be designed to limit single points of failure and to maintain safe battery
supervision during auxiliary supply disturbances, controller restart, or partial system outage.

Selection Criteria and Operational Suitability

Battery selection should be based on the intended RaaS service profile, including standby operation,
discharge duration, recharge window, black start capability, any requirement for repeated cycling during
extended outages, and ancillary service demand

The selected battery shall be capable of delivering the required power and usable energy across the full
operating state of charge window without excessive derating.

Selection should consider C-rate capability, duration at rated output, performance under partial state of
charge operation, energy density, thermal characteristics, degradation behaviour, and expected operational
life.

Preference should be given to battery products with proven performance and operational reliability in
comparable grid-scale applications.

Performance, Degradation and Environmental Conditions

Battery selection shall be based on usable energy at beginning of life and the minimum guaranteed usable
energy at end of life, rather than nameplate capacity alone.

The design should account for degradation arising from calendar ageing, cycle ageing, temperature exposure,
and the intended operating state of charge range.

Round-trip efficiency and parasitic auxiliary demand should be assessed together when determining the net
energy available to support the site.

The selected battery chemistry and product shall be suitable for the site environmental conditions, including
seasonal ambient temperatures, humidity, ventilation constraints, and enclosure cooling requirements.

Low-temperature charging limitations, pre-heating requirements, and cold-weather derating shall be
assessed where winter operation may affect availability or recharge following an outage.

Thermal Management and Fire Safety

The battery chemistry defines the thermal operating envelope of the BESS, including minimum and maximum
temperature limits under charge, discharge, and standby conditions.

The thermal management approach shall consider heat generated during operation, ambient conditions, and
worst-case duty scenarios.

Fire risk assessment shall consider the potential for thermal runaway, propagation, and gas generation, with
detection and suppression systems designed to suit the specific hazard profile.
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B The design shall provide early detection of abnormal thermal events, mitigation of thermal runaway,
prevention of propagation between units, and alignment with the wider site fire safety strategy.

Auxiliary Systems, Layout and Operational Considerations

B Battery selection informs the design and capacity of auxiliary systems, including HVAC, fire systems,
monitoring, controls, and auxiliary power supplies.

B Auxiliary load demand shall be assessed as part of the overall system design, particularly for black start and
islanded operation where auxiliaries reduce net available output.

B The selected battery chemistry influences container or enclosure size, separation distances, access
requirements, and the overall installation footprint.

B The system shall include monitoring and control of temperature, voltage, and state of charge, and the
operational strategy should address abnormal conditions, maintenance requirements, and long periods of
standby readiness.

Energy Management System Requirements

While regulated network operation responsibilities remain with the DNO, the EMS shall provide coordinated
control between the BESS, the grid flexibility services system, and the Raa$S controller. Its purpose is to keep plant
operation aligned with network requirements and to support reliable transitions between operating modes.

Operating Modes and Transitions

The EMS shall support the following operating modes and transition functions:
B Support grid-connected, islanded, and transition modes.

B In grid-connected mode, control active (P) and reactive (Q) power output.
B |n grid-connected mode, coordinate delivery of grid flexibility services.

B |nisland mode, maintain voltage and frequency within defined limits.

B Inisland mode, provide black start support.

B Enable seamless transition between grid-following and grid-forming modes.

B Provide synchronisation with the grid prior to reconnection.

Control Functions

Active And Reactive Power Controls

The EMS shall provide the following active and reactive power control functions:
B Ramped control of active and reactive power setpoints.

B Accept external and internal control inputs.

B Allow configurable ramp rates.

B On loss of communications, ramp outputs to a safe state
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Frequency and Voltage Control

The EMS shall provide the following voltage and frequency control functions in island mode:
B Provide voltage and frequency control in island mode.
B Use configurable deadband-based control.

B Ensure bumpless transfer during mode transitions

BESS Operational Control

The EMS shall support the following BESS operational control functions:
B Provide automated BESS start, stop, and run sequencing.
B Include automatic restart attempts following faults.

B Support mode switching based on Loss of Mains signal.

State of Charge Management

The EMS shall provide the following state of charge management functions:
B SOC monitoring and control.
B Enable automatic recharging following outage restoration.

B QOperate within defined SOC limits.

Communications, Interfaces and Operator Functions

Communications and Interfaces

The EMS shall support the following communications and interface functions:
B Interface with Raa$S controller, BESS, DNO systems, and flexible service system.
B Provide heartbeat signals for system health.

B Ensure safe fallback behaviour on comms failure.

Synchronisation Requirements

Prior to reconnection, the EMS shall support the following synchronisation functions:
B Match voltage, frequency, and phase before reconnection.

B Control synchronisation conditions and timing.

Human Machine Interface (HMI) and Operator Interface

The HMI shall provide the following operator interface functions:
B Provide real-time system visualisation.

B Allow operator adjustment of control parameters with access control.
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Monitoring and Alarms

The EMS shall provide the following monitoring and alarm functions:
B Provide alarms, warnings, and event logging.

B Maintain historical operational data locally.

B Support trend and diagnostic analysis.

B Support KPI reporting.

Future Grid Edge Stability Services

The EMS should be capable of supporting grid-edge stability functions during grid-connected operation,
particularly for deployment on weak or constrained distribution networks.

This includes the ability to:
B Support voltage and frequency stability through coordinated control of active and reactive power
B Respond appropriately to network disturbances

B Qperate without introducing instability or adverse interactions with existing network controls

The extent and configuration of these functions shall be determined on a site-specific basis, considering:
B Network strength and fault level
B Existing voltage and frequency control schemes

B DNO connection requirements and operational constraints

Operation and Maintenance Requirements

Given the remote nature of many RaaS locations, operation and maintenance requirements shall be considered
during equipment selection and system design. Equipment should be selected for robustness, reliability and ease
of maintenance, with a high level of remote diagnostics provided across the BESS, control, protection,
communications and auxiliary systems. Following a fault, trip or other abnormal event, the design should support
safe unattended operation, continued remote monitoring, and retention of high-resolution disturbance records,
alarms, sequence-of-events logs and diagnostic data for later investigation.

The design should support secure remote access for monitoring, fault investigation, approved software and
firmware maintenance, and approved operational changes, reducing the need for immediate site attendance
where practicable. Essential control, alarm, communications and auxiliary power functions should remain
available for an appropriate duration following loss of normal supply so that plant condition can be assessed
remotely and the site can remain in a safe monitored state.

The system design should define fail-safe behaviour for faulted, degraded and communications-loss conditions,
together with a clear philosophy for remote investigation, remote reset where appropriate, and the conditions
that require physical inspection before return to service. Where possible, RaaS suppliers should be able to
support multiple schemes within a defined geographic area, as this may reduce operational costs, improve
response capability, and help justify the development of trained local service resources and spares support.
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Engagement and Delivery Considerations

This section of the report outlines the opportunities identified for consulting with DNOs and the wider industry
to support the future development of RaaS. Engagement was carried out through participation in multiple
innovation events, alongside direct collaboration with other DNOs and industry stakeholders. A summary of
these consultations and their key outcomes is provided below.

The outcomes and learnings of the RaaS project have been shared with NESO and feed into The Distributed
Restart project which is exploring how Distributed Energy Resources can be used to restore power in the event
of a total or partial shutdown of the GB Electricity Network. Also experiences from the Raa$ has been recognised
as a valuable contribution and will be used in the future innovation project proposed by transmission system to
improve resilience and system restoration.

The RaaS project team has been working closely with Northen Power Grid during the Micro resilience innovation
project and now actively participates in in MultiResilience Project. This project builds on learning from both Micro
Resilience and the RaaS projects, taking the single-deployment cases from both projects and demonstrating the
enhanced value of coordinated deployment of multiple Micro Resilience solutions in a network area,
complemented by coordination with the RaaS HV resilience solution.

The RaaS$ project was showcased at the ENA Energy Innovation Summit 2025, held in Glasgow on 5—6 November.
This event offered an opportunity for the team to present the project to a broader audience of DNOs and other
key stakeholders. The presentation covered a high-level overview of the project, along with a more detailed
explanation of the RaaS technology. It also enabled the team to outline the methodology behind the site selection
process. Overall, the session was well received, generating positive feedback and interest from other DNOs,
particularly in relation to the project’s progress and the key considerations and trade-offs involved in site
selection and deployment.

Future dissemination activities include the presentation of the RaaS technology at a Distributed Energy Resources
(DER) webinar hosted by the University of Strathclyde on 23 June 2026. This engagement will provide a platform
to communicate the successful development and deployment of the Battery Energy Storage System (BESS),
alongside key technical considerations for future site selection. In addition, it will enable discussion of the
potential barriers to entry and operational challenges associated with transitioning the solution into business-
as-usual (BAU) deployment.

Another future opportunity to consult with stakeholders arises during the upcoming ENA energy innovation
Summit 2026 due to be held on 4-5" November. This will allow the team to gain an opportunity to share the
project success post project conclusion. This will also provide an opportunity to discuss with wider stakeholder
opportunities to help support adoption of RaaS for future deployment.

SSEN is currently in discussions with other transmission and distribution networks about partnering on a future
SIF Alpha bid. This presents a valuable opportunity to share the knowledge and expertise developed through our
NIC RaaS project. In parallel, ongoing discussions with the regulator regarding battery ownership are progressing.
Clarification in this area will support DNOs in maximising the value of BESS assets and help drive further
innovation by enabling expanded use cases.

Project Progress Reporting

The annual Project Progress Reports documenting delivery of the project and challenges addressed are available
on the project website - https://ssen-innovation.co.uk/raas/project-docs/.
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Contact Details

Interested parties are very welcome to contact the RaaS project team with any enquiries via the contact details
below:

SSEN RaaS Project Manager- Tharangan Rajavel

email futurenetworks@sse.com

website https://ssen-innovation.co.uk/raas
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Appendices

Appendix 1 - RaaS Project Deliverables

Appendix 2 - Glossary

Appendix 1 - RaaS Project Deliverables

To provide the context for PD8, Table 1 presents the Project Deliverables defined in the RaaS Project Direction.

Table 1- RaaS Project Deliverables

Deliverable = Description Evidence

1 Front End Engineering Design Report detailing the selected site for demonstration and
(FEED) proposed use case(s) for the RaaS demonstration.
External peer review of FEED.
2 Detailed Design Detailed design of controls, electrical integration, available
DER and the BESS complete.
Publish Trial Programme on SSEN RaaS webpage.
3 Business Model for potential Construct investment business case for RaaS supplier.
Raa$ suppliers Produce draft Heads of Terms for RaaS method.
4 Stakeholder Feedback Event Stakeholder feedback event to disseminate and gather
(Stage Gate) feedback on outputs.
Evidence provided to Project Steering Board to inform Stage
Gate decision including technical design, stakeholder
feedback, alignment with Open Networks Project, updated
budget and business case.

5 Supply Chain Engagement Publish commercial strategy on SSEN RaaS webpage.
Present enterprise design for Resilience as a Service on SSEN
website.

6 Network Adaptation and Produce interface and configuration specifications and

Acceptance Testing commissioning reports.
7 Trial 1 - Demonstration at first Publish Demonstration analysis results on SSEN RaaS
site complete webpage covering both technical and commercial aspects.
Stakeholder dissemination event showcasing learnings.

8 BAU Preparation Provision of technical guidance to support scheme design
for future sites.

Engagement and consultation with other Distribution
Network Operators (DNOs) and the wider industry to
support and foster the future development of RaaS.

9 Comply with knowledge transfer | Annual Project Progress Reports which comply with the

requirements of the Governance | requirements of the Governance Document.

Document Completed Close Down Report which complies with the
requirements of the Governance Document.
Evidence of attendance and participation in the Annual
Conference as described in the Governance Document.
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Appendix 2 — Glossary

AC Alternating Current LV Low Voltage

ALARP As Low as Reasonably Practicable risk M2M Machine-to-Machine communication
assessment

Aux Auxiliary NIC Network Innovation Competition

AVC Automatic Voltage Control 0ocC Over Current

BAU Business as Usual OTR Operational Trip Relay

BCP Battery Combiner Panels PCC Point of Common Coupling

BESS Battery Energy Storage System PCS Power Conversion System

BM Balancing Mechanism PD Project Deliverable

BMS Battery Management System PLC Programmable Logic Controller

BSC Battery Systems Controller PoW Point on Wave

Bol Beginning of Life with reference to BESS POWRA Point of Works Risks Assessments
dischargeable energy

CB Circuit Breaker PQ real power (P) and reactive power (Q)

CCR E.ON’s Central Control Room PQ Power Quality

CDM Construction (Design and Management) PQM Power Quality Monitoring
Regulations 2015

Csl Current Source Inverter PSU Power Supply Unit

CSP Common Services Panel Raa$ Resilience as a Service

CT current transformer RAMS Risk Assessment and Method Statement
(measurement instrument)

DC Direct Current Rfl Request for Information

DC Dynamic Containment RfP Request for Proposals

DDR Detailed Design Report RfQ Request for Quotes

DER Distributed Energy Resources RoCoF Rate of Change of Frequency

DM Dynamic Moderation RSP RaaS Service Providers

DMS Distribution Management System RTAC Real Time Automation Controller

DNO Distribution Network Operator RTU Remote Terminal Unit

DR Dynamic Regulation SAT Site Acceptance Testing

DSR Demand Side Response SCADA Supervisory Control and Data Acquisition

EAT Earthing & Auxiliary Transformer SGAM Smart Grid Architecture Model

EES Electrical Energy Storage SHE Safety, Health and Environment

EF Earth Fault SLD Single Line Diagram

EMS Energy Management System THD Total Harmonic Distortion

FAT Factory Acceptance Testing TSA DNO Technical Support Assistant

FEED Front End Engineering Design VDC Volts Direct Current

HVAC Heating, Ventilation and Air Conditioning VPN Virtual Private Network

1/0 comms input/output VPP Virtual Power Plant

loT Internet of Things VSl Voltage Source Inverter

KPC Closing Pre-Charge Capacitor VT voltage transformer (measurement

instrument)
LOM Loss of Mains WP Work Package
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