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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 a Battery Energy Storage
System (BESS) and incorporating local Distributed Energy Resources. Figure 1 provides a high-level illustration
of the RaaS scheme.

The RaaS concept could represent 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 Raa$S 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 could 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 is 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 addressed the commercial framework for Raas -
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 of the 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 trials which were used to evaluate the technical capability and performance
of the RaaS scheme under normal network operation.
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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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Introduction to Project Deliverable 7

This deliverable introduces the activities within the RaaS - Resilience as a Service - project which meet the
requirements of NIC Project Deliverable 7 - Demonstration Site Analysis, defined in the Project Direction as:

PD7.1 Publish Demonstration analysis results on SSEN RaaS webpage covering both
technical and commercial aspects.

PD7.2 Stakeholder dissemination event showcasing learnings.

The document outlines the trial of a pilot RaaS scheme at the chosen site of Drynoch primary substation on the
Isle of Skye. The system incorporates third party assets integrated with existing DNO infrastructure to provide

increased resilience of the local electricity distribution network in response to a fault on the higher voltage
network.
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Figure 2: Distribution network map showing 33 kV routes (green), 11 kV routes (red), and low-voltage networks within the
Drynoch supply region.

An introduction to RaasS trial, along with key learnings and challenges encountered before and during the trial is
given in Preparation for the Live Trials. Trial Operational Results section provides evidence of the effective
performance of the Raa$S system on the live network and its responses to the network events, faults and
operation. An update on commercial analysis is presented in Trial Commercial Assessment. This section
includes a review of the original Business Model and supporting documentation which has been undertaken,
alongside evidence gathered from the design, build and operation of the solution.
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With involvement from ltaly, Spain, the USA and UK, together with battery modules from South Korea, delivery
of this project showcases collaboration and commitment to innovation, with valued teamwork across parties to
deliver the Raas trial scheme.

A suite of accompanying design, specification, network study, testing and commissioning reports and documents
has been created through this work, as signposted within this overview document. Detailed documents are
available on request to the project team - futurenetworks@sse.com - and any questions about the trial scheme
or application of RaaS to increase the resilience of local distribution networks are welcomed.

After successful Factory Acceptance Testing (FAT), Site Acceptance Testing (SAT) and commissioning of the RaaS
system, the project moved to operation and monitoring of the trial scheme to provide evidence of technical
capability and performance of the RaaS solutions on a live network. The objective of the trials was to demonstrate
if this approach would provide a solution to increase security of supply in remote areas, and within urban
networks and other DNO regions.

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

To provide the context for PD7, Appendix 1 details the Project Deliverables defined in the RaaS Project Direction.

A glossary of terms is provided as Appendix 2.
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Preparation for the Live Trials

As an innovative and novel solution, the RaaS scheme had limited precedent or reference material to support
the development of an approved design. Consequently, the design, installation, commissioning, and operational
energisation of the system presented a number of technical challenges, generating valuable insights and
learnings across all stages of the project.

The primary challenges were associated with integration of the system within existing infrastructure and control
system but also novel mode of operation and use of pioneering solutions at the primary substation level. Another
challenge of the project was testing of the whole system to provide evidence of correct operation under various
network and load conditions as well as inverter fault level contribution. Operation of the BESS under fault
condition is critical to ensure safe operation when the system is operating in islanded mode, where the BESS is
the sole source of fault current.

Pre commissioning, commissioning, testing and optimisation activities

Factory Acceptance Testing (FAT) was carried out to test battery system and inverter functionality and
operability. However, due to the limitation of factory test facilities and that the test system was composed only
with single inverter and 10% on the battery cells, it was not achievable to test operation of the whole system and
full fault level contribution.

Due to the limitation of FAT set up and to test the system within the real network connection, on site
commissioning and BESS testing was design and performed to fully test the whole system and optimise the
operation of BESS and Raa$ system. Also, a comprehensive monitoring and recording system was installed with
all RaaS actions, indications and alarms logged and the priority signals sent to the SSEN control room. The data
from these systems has been used in this report as the evidence of the operation of the Raa$ installation.

FAT and SAT details testing can be found in Project Deliverable 6 “Network Adaptation and Acceptance Testing”.

During the commissioning and testing of the RaaS system several issues has been identified which have delayed
full deployment of the system. The following sections describe the challenges encountered, along with the
additional testing undertaken and the solutions implemented to effectively address and resolve these issues.

Inverter fault current provision

The system is designed to provide up to 6 MVA of fault current for a duration of 3 seconds, to enable the
protection relay to operate correctly as specified SSEN standards, while operating in island mode. This
requirement has been specified to ensure safe operation of the existing protection systems on the HV and LV
network and is critical part of the system and its effective operation.
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sk

Figure 3: Aerial view of the RaaS system within Drynoch

During commissioning, testing demonstrated that the inverters responded as expected under three-phase fault
conditions, delivering the required fault current for the full duration before tripping the BESS. However, under
single-phase to earth fault conditions, although the required fault current magnitude was achieved, it was
sustained for only 170 ms before the BESS tripped, instead of the specified 3 seconds

Investigation of this issue required two site visits by specialist engineers from the inverter manufacturer. The
initial visit focused on capturing baseline data through high-speed parameter tracing within the inverters,
followed by off-site analysis. This work identified the need for further data capture at a specific point between
the inverter and filter using independent high-speed measurement equipment.

A second site visit, coordinated across relevant project stakeholders, was undertaken to carry out this
additional testing. Analysis of the high-speed data identified a resonance condition, which caused the inverter’s
fixed high-current protection to operate. In response, inverter protection parameters were adjusted to reduce
short-circuit detection thresholds, thereby mitigating the resonance peak and resolving the issue. Resolution of
the fault level response required coordination across multiple specialist stakeholders and ultimately resulted in
a system that achieved the required specification.

The graphs below demonstrate one of four successful single-phase to earth fault tests with the BESS system
delivering required 6 MVA fault level contribution for 3 seconds. In figure 4 voltage and current waveform are
shown illustrating correct operation of the inverter system. In the first 2-3 ms after the fault the resonance
phenomenon can be observed, however the current level is maintained below the inverter limit and within 8 ms
the waveform stabilises and current of RMS value of 330 Amps (equivalent of 6.3 MVA) is maintained for 3
seconds as shown in Figure 5.
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Intermittent BESS tripping

During the last 12 months of the trial period intermitted tripping of BESS system at Drynoch were experienced.
Two types of BESS faults were observed: transient interruptions with automatic reset after several seconds and
BESS trip with manual reset required.

The former issue was caused by the communication issue between main control PLC and one of the inverter
module controllers due to the faulty PLC communication module. After replacement of the module, the fault has
been resolved.

The latter issue was traced back to the conditioning and maintenance of the battery modules. A number of issues
have been linked to HVAC system not working correctly and overheating battery module causing emergency trips
to protect the battery. The issue is being investigated by the HVAC manufacturers and waiting a resolution.

The issues experienced with the BESS tripping are not related to the RaaS system and are not part of the
integration or innovation part of the project. These are typical issues associated of the operation and
maintenance of BESS; however, they had significant impact on the system, stopping full deployment of the Raa$
trial. Currently, the project team is working to resolve HVAC issue.

Development of automated charging solution

The original system design assumed that the BESS would receive recharging signals through interfaces
associated with participation in flexibility markets. However, as set out in previous project reporting, an export
connection was not secured within the project timeframe. As a result, the system has not been able to
participate physically in flexibility markets, and this functionality has not been available.

To address this constraint, an alternative recharging approach was developed within the Energy Management
System (EMS). This introduced functionality to manage the State of Charge (SoC) within defined operational
limits. For example, configurable upper and lower SoC thresholds (e.g. 80% and 70%) allow the system to
maintain sufficient charge to deliver the RaaS service for the required duration.

Following implementation of this functionality, the system was brought into operation and entered a monitoring
phase. During this phase, several warnings and alarm settings were reviewed and adjusted to optimise system
performance prior to transition to full operational capability.

An example of successful implementation of this functionality is presented in figure 6 below. The graph shows
real power flow to and from BESS for both LV circuit breakers in blue and orange, with negative values indicating
total BESS charging at the rate of 250 kW, and in green BESS state of charge which is maintained between 70 and
80%.
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Trial Operational Results

RaaS control and monitoring system have been designed and integrated to provide sophisticated network
disturbance monitoring required to identify the need for a RaaS response, and ensure that the scheme operates
in a safe, efficient and reliable manner.

The system provides signals and logging information from the substation to:
B monitor network and asset status and operational data

B identify RaaS response and notifications

B issue a RaaS command to the BESS EMS and monitor the response

|

provide relevant information and RaaS specific notifications back to the central DNO Control Room via the
Distribution Management System (DMS)

B DMS data and local stored logging information were used to assess operation of the RaaS system and
provide evidence of the correct response to the network events and BESS status.

The RaaS monitoring comprises of two subsystems: DNO RaaS controller and BESS EMS, as described in PD6,
and collects following data:

B DNO RaaS Controller monitoring data:
B network status: transformer and feeder CBs status
B network events and faults
B RaaS system status and alarms
B BESS status and alarms

B DMS commands and control

B BESS EMS and E.ON control:
B State of Charge /discharging data
B EMS Alarm and trips
B BESS status and signals

B BESS events and faults

Approach

The RaaS system, including the DNO RaaS controller, BESS EMS, DMS, and SCADA, was commissioned on 31
July 2025. Although it was not fully enabled due to the issues described in previous sections of this report, it
has been monitoring the network, BESS operation, and DNO RaaS controller performance since that date.

The data and logging information collected over almost one year provide valuable insight into the Raa$S system’s
response to network events and demonstrate its correct operation. Furthermore, the monitoring systems have
supported the identification and resolution of BESS operational issues, including intermittent trips

However, as the system has not been fully enabled, the project team has not been able to capture an example
of a 33 kV fault event in which the RaaS system forms an island and provides resilience services to customers at
Drynoch Primary Substation.
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Results

The data from DNO RaaS Controller and BESS EMS has been collected and detailed analysis carried out to
assess the operation and effectiveness of the RaaS scheme. Around 11,000 indications, status chances and
alarms events have been reviewed, and 26 analogues signals such as voltage, currents and frequency were
analysed. The assessment of the data focused on safety performance of the system, consistency of the
operation and impact of BESS connection on the network and customers.

The main aim of the RaaS system is to detect 33 kV faults on the incoming feeder and initiate seamless transition
of the primary substation to island operation, maintaining supply to the customers. Loss Of Mains (LOM) is an
integral part of the DNO Raa$ controller, responsible for detecting disturbances on 33 kV network and instructing
the BESS EMS to transition from parallel mode to island forming mode. The DNO RaaS controller coordinates and
monitors the transition, ensuring it is carried out safely and correctly, while providing updates to the DMS on
progress and system status.

The following section describes a fault on the 33 kV feeder supplying Drynoch, representing the type of network
event to which the RaaS scheme is designed to respond

On the 4™ of August 2025 at 14:14:18 a fault on the 33 kV feeder supplying Drynoch primary, Broadford 3L5, has
been detected and reported to DMS via SCADA system. The log from DMS for this event is shown in figure 7. It
can be also observed that about 1 second later “RAAS LOSS OF MAINS RAAS DISABLED/ 33 kV FAULT DETECTED”
alarm has been also received by the control room indicating that loss of the supply has been detected by RaaS
system. However, as this function was disabled, no action was taken to initiate island formation by the BESS.

Figure 7: DMS log of 33 kV feeder fault at Bradford 3L5

A corresponding log of events from DNO RaaS controller is shown in Figure 8. Highlighted in yellow are
indications that low voltage (at 13:47:19.020) is detected on both the transformer and BESS following very low
voltage (at 13:47:19.220) detection. 19ms later a 33 kV fault alarm is sent to DMS at which point DNO RaaS
controller would initiate transition if enabled. The indications highlighted in blue shows when voltage level
recovers and supply is restored to 11 kV busbar and in green 33 kV fault alarm is cleared (at 17:44:03.376).
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RaaS internals Voltage Monitoring.BESS_LT Volt L T1 Signal Raised 04/08/2025 13:47:19.020
RaaS internals Voltage_Monitoring.BESS LT Volt L T2 Signal Raised 04/08/2025 13:47:19.020
RaasS internals Voltage_Monitoring. TR1_LT VoIt L T1 Signal Raised 04/08/2025 13:47:19.020
Raas internals Voltage_Monitoring. TR1_VT_LT UV_SET Signal Raised 04/08/2025 13:47:19.220
Raas internals Voltaie Monitorini.BESS VT LT SET Siinal Raised 04/08/2025 13:47:19.220
RaaS$ internals Voltage_Monitoring. TR1_VT_LT_UV_SET Signal Removed 04/08/2025 17:44:02.820
RaasS internals Voltage_Monitoring.BESS VT LT UV_SET Signal Removed 04/08/2025 17:44:02.820
Raas internals Voltage_Monitoring.BESS_LT Volt L T2 Signal Removed 04/08/2025 17:44:03.020
Raas internals Voltage_Monitoring. TR1_LT Volt L T1 Signal Removed 04/08/2025 17:44:03.220
RaaS internals Voltage_Monitoring.BESS_LT Volt_L_T1 Signal Removed 04/08/2025 17:44:03.620
Raa$S - DNO outgoing LOM_ Dis_33kVF_Alarm Alarm Removed 04/08/2025 17:44:03.376
RaaS - DNO outgoing LOM_33kVF_Detected Alarm Removed 04/08/2025 17:44:02.875
RaaS - DNO outgoing Grid_Vol_Healthy Signal Raised 04/08/2025 17:46:03.220
BESS incoming BESS_Ready_To_Sync Signal Raised 04/08/2025 17:46:03.912

Figure 8: DNO RaaS controller log of 33 kV feeder fault detection.

This 4-hour outage could have been avoided completely if the RaaS system was enabled at this point with battery
SoC at 80%. Nevertheless this event demonstrates that RaaS system is correctly detecting 33 kV faults and is
ready to take actions to transision to island mode if required.

In addition, the DNO RaaS controller is designed to monitor for faults on 11 kV networks. In the event of the 11
kV fault, DNO RaaS$ controller should take no action, even though the voltage at the busbar is reduced below the
threshold - this fault should be cleared by protection relays at busbar or 11 kV feeder. RaaS cannot improve
resilience on the downstream network, and 11 kV faults should be filtered out.

An example of transient 11 kV fault on (001) feeder is shown in figure 9 from DMS and figure 10 from DNO RaaS
controller log file respectively. The 11 kV fault occurred on 11/02/2026 at 07:35:57.385 indicated by FPl on 001
feeder at Drynoch. RaaS controller has also detected low voltage and “RaaS HEALTHY GRID” alarm was sent at
07:35:57.421 and was cleared within 2.6 second.

Figure 9: DMS log of 11 kV feeder fault at Drynoch Primary

The DNO RaaS controller log file, shown below, provides more details about detecting 11 kV fault by LOM (in red)
and undervoltage (in yellow). All the alarms were reset to normal within 200 ms as the fault was cleared.
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RaaS Main internals RaaS_Main.Grid_Vol_Healthy Signal Raised 11/02/2026 07:33:57.420
Raas internals Voltage_Monitoring. TR1_VT LT UV_SET Signal Raised 11/02/2026 07:33:57.420
RaaS internals Voltage_Monitoring.BESS_VT_LT_UV_SET Signal Raised 11/02/2026 07:33:57.420
RaaSs internals Voltage_Monitoring.BESS_LT Volt_L_T1 Signal Raised 11/02/2026 07:33:57.420
Raas internals Voltage_Monitoring.BESS_LT Volt_L_T2 Signal Raised 11/02/2026 07:33:57.420
Raas internals Voltage Monitoring. TR1_LT Volt L T1 Signal Raised 11/02/2026 07:33:57.420
Raa$S - DNO outgoing DNO_SM _DNP.Grid_Vol_Healthy Signal Removed 11/02/2026 07:33:57.420
LOM incoming LOM DNP.Fault Detected 11_kV Signal Removed 11/02/2026 07:33:57.670
Raa$ internals Voltage_Monitoring. TR1_VT_LT UV_SET Signal Removed 11/02/2026 07:33:58.020
Raas internals Voltage_Monitoring.BESS_VT_LT_UV_SET Signal Removed 11/02/2026 07:33:58.020
RaaS internals Voltage_Monitoring.BESS_LT_Volt L_T1 Signal Removed 11/02/2026 07:33:58.020
RaaS internals Voltage_Monitoring.BESS_LT_Volt_L_T2 Signal Removed 11/02/2026 07:33:58.020
RaaS internals Voltage_Monitoring. TR1_LT Volt L T1 Signal Removed 11/02/2026 07:33:58.020
BESS incoming BESS_EMS_DNP.BESS_Ready To_Sync Signal Removed 11/02/2026 07:33:58.941
BESS incoming BESS_EMS_DNP.BESS_Ready To_Sync Signal Raised 11/02/2026 07:35:58.852

Figure 10: DNO RaaS controller log of 11 kV feeder fault detection.

During the monitoring of the RaaS system over last 12 months, around 150 faults on 11 kV network at Drynoch
were detected. Each time DNO RaaS controller identified it correctly. There was no instances of the system to
misinterpretation of 11 kV fault for 33 kV fault and unnecessary transition.

Operational learnings and conclusion

RaaS is a complex system with number of control relays interacting with each other. BESS EMS, DNO RaaS
controller and SCADA systems are key components which need to communicate and react precisely. These
systems have been implemented effectively and operated reliably over the last 12 months. The successful
implementation and operation were achieved through early-stage testing during system development, along
with timely testing and validation of all individual components and their interactions.

Certainly, running the system in fully enabled mode and having an example of RaaS transitioning in island mode
due to 33 kV faults, as the one on 4th of August, would be very beneficial. Such events would provide further
evidence of the operation of the system but also improve resilience of the network. However, logging monitoring
data provides evidence of correct operation of the system under fault conditions.

The lack of export capacity limited the project team’s ability to test and monitor operation in auxiliary markets.
However, this mode of operation is well understood from other BESS sites owned by E.ON and was used to
supplement the information required for the commercial study of the Raa$S system

The absence of an export connection prevented power export from the BESS, making system commissioning and
testing more complex and time-consuming.

Resolving technical and operational issues with the BESS and its sub-components, such as inverters and HVACs,
is particularly challenging in the remote locations and with various stakeholders being involved. It takes a long
time to arrange meetings with all the parties required to be on site and coordinate this with network operation
and outages. This is a key learning a will be used as a consideration when developing future demonstration
projects.

Additionally, as the DNO Raa$ Controller and BESS EMS are fully connected and interfaced, real-time monitoring
and control signals can be viewed by the project team. It is clear from the data logs that the system has correctly
identified network situations where a Raa$S response should have been initiated and provided corresponding
control signals accordingly. Whilst the BESS is not enabled to respond at the current time, subject to resolving
BESS tripping issues, this evidence shows the real-world response of the resilience control systems developed
through the project.
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Key Learnings and Conclusion from Trial Operational Results

The Raa$ control and monitoring system has demonstrated robust design and effective integration of
key components, including the . Over nearly 12 months of operation, the system has reliably monitored
network conditions, asset performance, and operational events, generating a comprehensive dataset
that supports validation of system behaviour and performance.

A major learning is that the system is capable of accurately detecting network disturbances, particularly
33 kV faults, which are critical triggers for RaaS operation. Event analysis shows that the Loss of Mains
(LoM) function correctly identifies such disturbances and issues the appropriate signals for transition to
island mode. Although the system was not enabled at the time of a real 33 kV fault event (4 August 2025),
the recorded data confirms it would have initiated the correct response. This demonstrates readiness for
full operation and highlights the potential to significantly improve network resilience, including
preventing prolonged outages.

The system has also proven its ability to correctly discriminate between fault types. Approximately 150
recorded faults on the 11 kV network were all correctly identified and filtered out, with no instances of
misinterpretation as 33 kV faults. This confirms the reliability of the control logic and its suitability for
safe deployment without risk of unnecessary islanding.

Monitoring and logging systems have been critical, not only for validating performance but also for
identifying and resolving operational issues, particularly intermittent BESS trips. These insights
emphasise the importance of comprehensive data collection and real-time monitoring in developing and
refining complex energy systems.

Early-stage and ongoing testing of individual components and their interactions has been a key success
factor. The coordinated operation of multiple control systems requires precise communication, and this
was achieved through structured testing and validation processes. However, the project also highlighted
the complexity of commissioning such systems, particularly in remote locations with multiple
stakeholders. Coordination challenges and limited site access significantly increased the time required to
resolve technical issues.

The absence of export capability was a notable limitation. It restricted the ability to test system
performance in auxiliary markets and increased the complexity of commissioning. Nevertheless,
operational knowledge from other BESS sites was successfully used to fill these gaps in the commercial
assessment.

Finally, while the system is now enabled, capturing real-world operation during a 33 kV fault remains a
key next step. Such events would provide full validation of islanding functionality and further
demonstrate the resilience benefits of the RaaS scheme.

Overall, the trial confirms that the RaaS system is technically sound, with strong monitoring, control, and
fault discrimination capabilities, while highlighting important practical considerations for future
deployments.
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Trial Commercial Assessment

Context

This chapter presents a commercial assessment of the operational project, informed by a review of the original
Business Model (Project Deliverable 3 — PD3), associated documentation, and evidence gathered during the
operational phases of the project.

The PD3 Business Model established both the investor Willingness to Accept (WTA) and the Distribution Network
Operator (DNO) Willingness to Pay (WTP), based on a 4-hour, 4.2 MWh battery energy storage system (BESS)
under market conditions prevailing in January 2022. For reference, PD3 and related project materials have been
published on the project website (www.project-raas.co.uk) and made available to all interested stakeholders.

The original assessment evaluated the investor business case across a range of internal rates of return (IRR) and
contract durations, deriving corresponding WTA values. Based on the initial RaaS concept—specifically, the
provision of a 4-hour service with 100% availability—the modelling for the Drynoch site indicated that, under
2022 battery cost assumptions, the annual RaaS fee required to achieve an 8% IRR would be approximately:

B £455,000 per annum for a 10-year contract; and

B £740,000 per annum for a 5-year contract.

Within PD3, the RaaS fee was defined using a business case model incorporating assumptions on capital
expenditure, operational costs, inflation, taxation, and potential income streams from other markets. These
additional revenue streams—principally derived from participation in flexibility markets—were estimated using
wholesale price forecasts from Cornwall Insight, indicating potential supplementary income in the range of
£45,000 to £125,000 per annum. Such revenues were expected to reduce the DNO contribution required to
satisfy the investor WTA threshold.

This section revisits and validates the assumptions set out in PD3, drawing on evidence from the 3.5 MWh BESS
deployed during Phase 2 of the Raa$ project.

Business Model considerations

This section summarises the key insights and lessons learned from the trial, drawing on actual operational data
and observed performance. It highlights how real-world outcomes have compared to original assumptions, with
particular focus on cost drivers, and the implications for future deployment of RaaS solutions.

Electricity Supply Charges

As noted in previous project reporting, including annual progress updates, the project has been unable to secure
an export connection agreement. As a result, the electricity supply contract is limited to import only.

Based on this the forecast annual cost breakdown is as follows:

B Energy cost: £9,348
B Standing charges: £36,372
B Capacity charges: £70,252
B Total: £115,972

This cost structure highlights that standing charges (including DUoS and TNUoS) and capacity charges are
disproportionately high relative to energy consumption. Further investigation across project

16 Resilience as a Service


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

partners identified that changes introduced under the Targeted Charging Review have had a material and
unintended impact on the project. Assets with high connection capacity but low utilisation—such as RaaS
schemes—are adversely affected.

The project recommends that mitigation options are explored, including potential exemptions for storage assets
(e.g. classification as Non-Final Demand).

Operational and Maintenance Cost

The investor assumptions in PD3 were developed prior to completion of the Drynoch procurement process and
assumed annual O&M costs of approximately 1% of capital expenditure (~£30,000).

However, the tendering process demonstrated that actual costs are significantly higher due to:
B the bespoke nature of the system;
B jts remote location; and

B the complexity of integrating multiple control and monitoring interfaces.

Following procurement and delivery, an operational model was established involving E.ON and supply chain
partners (including Loccioni and Encorp).

The total annual O&M cost is approximately £218,000 and includes:

Activity Cost

|
24/7 Control Room Monitoring (Security, alarms and events)
First-line Fault Response
Monthly Routine Maintenance Visits >0%
Insurance
Which Remote BESS Controller Support 10%
Energy Management System (EMS) Support and Reporting 11%
Six Monthly Full Maintenance Inspections
Specialist Technical Support 29%
Spare Parts Provided

Table 1: The breakdown of O&M Costs relative to their weightage

Future deployment of Raa$ at scale is expected to present opportunities to optimise both system design and
operating models, thereby reducing costs.

Participation in flexibility markets

As in PD3, the project has assessed the potential for revenue generation from participation in flexibility
markets.
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Although an export connection was originally planned to enable market participation, this was not secured
within the project timeframe. Therefore, the analysis presented is based on modelling using the installed
system specification and provides indicative results only.

Modelling Overview and Assumptions

Modelling tools have been used to evaluate battery performance across key electricity markets, based on 2025
wholesale pricing assumptions. The following markets were assessed:

B Wholesale electricity markets (day-ahead, intra-day and Balancing Mechanism);

B Frequency response services (based on 2025 BESS market averages);

B Capacity Market (based on T-4 auction clearing price of £49 and 2029/30 derating factors).

Key assumptions include:
B 90% round-trip efficiency
B 1MW import/export capacity

B 1 hour of reserved capacity for RaaS events

Market participation may be subject to minimum thresholds (typically 1MW) and licensing requirements.
Aggregation with other assets would be feasible where required.

Analysis

Table 2 summarises modelled annual revenues, energy costs and net position across two RaaS reserve
scenarios. Enabling the project to better understand the impact of different RaaS market scenarios.

) 1-Hour of Reserve No Reserve
Scenario Battery Modelled / Market
Wholesale (inc BM) £64,708 £84,087

Revenue Less
Unit Cost of Frequency £20,614 £20,614
Charging*

areing Capacity Market £10,770 £16,155
TOTAL £96,092 £120,856

Table 2: Modelled annual revenues by reserved capacity and market participation

*Unit cost of charging includes energy cost, REGOs and CCL

Note: Fixed electricity costs have been excluded (Capacity charges, Standing charges and DUoS Reactive)

The results demonstrate that:

B Revenue is maximised in the “No Reserve” scenario, where all capacity is available for market participation.
This reflects a more flexible “take-what-is-available” operating model (as described in PD5).

B Fixed costs—primarily supply capacity and standing charges—materially impact project viability, resulting
in a negative net position in all scenarios except “No Reserve”.

B Underal- Hour reserve scenario (~1.0MWh), the system could generate approximately £96,092 annually,
with:
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B Wholesale markets providing the largest revenue contribution;
B Frequency response offering a stable secondary income stream; and

B Capacity Market revenues remaining relatively modest.

Compared to the original PD3 projections, the revenue opportunity has reduced, reflecting changes in market
conditions since 2022. Increased DUoS costs and reductions in Frequency Response (Dynamic Containment)
revenues.

Sensitivity analysis indicates that increasing battery capacity (e.g. by a factor of three) leads to a near-
proportional increase in revenue, suggesting limited diseconomies of scale at this size. Revenue per MW
remains broadly consistent, indicating limited market saturation effects.

Overall, revenues increase with both system size and duration:
B Larger systems generate higher total revenues;
B Longer-duration systems achieve higher revenue per MW due to increased flexibility;

B Shorter-duration systems remain more efficient on a per-MWh basis

Capex

The Capex for the Drynoch trial project totalled £4.1m, versus an estimate in PD3 of £3m. A breakdown of the
main system components is provided below.

The highest component being the battery modules and associated equipment e.g. HVAC equipment to
maintain suitable environment. This is followed by project management overheads and the EMS and BESS
controls systems, both of which you would expect could be reduced in a rollout scenario as these were both
innovation areas.

Activity Costs (%)
Project Management 19%
Design, Supply and installation of 3MWh battery systems 32%
Design, Supply and installation of BESS transformer 3%
Design, Supply and installation of 6MVA PCS systems 14%
Design, Supply, Installation and commissioning of EMS and BESS control systems 16%
Design, Supply, Installation and commissioning of cabling and ancillary systems 6%
Design, Supply and installation of civils work 9%

Table 3: Capex breakdown based on individual weightage

Since the procurement of the BESS system for the Drynoch project, global supply chain costs have reduced
significantly c40-60% representing material capex savings.
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Comparison between the original and current business cases

Based on the actual data for Drynoch and the 10-year contract scenario the RaaS fee in year 1 would now have
to be £861,000 versus the £455,000 estimated in PD3.

The ‘Willingness to Pay’ fee for Drynoch developed by TNEI on behalf SSEN was £23,000.

The Raas fee has nearly doubled increasing the gap between the ‘Willingness to Accept’ and ‘Willingness to Pay’
values by a further £406,000 to £838,000.

Table 4 shows the change in business case inputs between PD3 and the actual data which have been used to
update the Investor Raas fee.

Input PD3 Actual
Battery Size 4.2MW 3.5MW
Export Capacity 4.2MW 1MW

Electricity Supply Charges - £115k
Capex £3m f4.1m
Operation & Maintenance Costs Per £30k £218k
Annum

Flexibility Market Revenue £134k £96k

Table 4: Change in Business case inputs from PD3 to PD7

The actual O&M cost increases the RaaS fee by £192k pa and the actual Capex cost by £161k. The remaining
£53k is a result of the other changes.

Commercial Learnings and Conclusions

The Investor business case presented within this report confirms the value of a RaaS service fee required to
cover the investment. Key learnings from the evaluation are to minimise BESS capex costs, reduce operating
costs and maximise revenues from other markets:

Actions to minimise BESS costs, including:
B Awarding multi location contracts to enable a Raa$ service provider to achieve economies of scale.

B BESSsizing factors driven by network protection requirements, rather than capacity to deliver RaaS (or other
Flexibility Services)

B RaaS interface design efficiencies, integrating control systems into fewer interfaces.
B Other potential technologies to trigger network protection and their relative financial impact

B Connection costs

In addition to identifying ways to minimise costs, the cost of BESS systems has reduced since the trial.

Drynoch cost £1,168 per kW storage whereas today’s prices range from £400/kW to £700/kW.
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Using £550/kW as an average, the Drynoch Raa$S Fee based on all other inputs remaining the same would
reduce to £539,000 from £861,000.

Actions to minimise operating costs

Review opportunities to minimise fixed electricity supply costs such as Capacity charges, DUoS and TUoS

Optimise the design of the system to reduce interfaces and multiple support contracts

Actions to maximise revenues from wider Flexibility Services, including:

Continued investigation of all sources of potential revenue for the BESS - this will provide a mitigation to the
fluctuating value in the various Flexible Services markets

A review of the DNO specification of Raa$ service level requirements, with the ‘Take what’s available’ giving
the RaaS provider the greatest opportunity to generate flexibility revenues.

Investigation of opportunities for optimising the connection import and export capacity (i.e. reducing or
removing constraints) to allow the BESS maximum revenue generating opportunities. Minimum 1MW
export needed for most flexibility services. For example should Drynoch secure a 2MW export capacity, the
revised RaaS fee would be £781,000, down from £861,000.

The combination of capex reduction and increase in export capacity would reduce the Raa$ fee to £459,000.

Commercial Recommendation

Since PD3 the design, development and operation of the RaaS solution has confirmed the level of investment
required to operate a RaaS service. A number of learnings have been identified which inform
recommendations for future Raa$ solutions.

Recommendations include:

Participation in flexibility markets can aid the investor business case however fixed electricity charges such
as capacity charges, DUOS and other standing charges can heavily influence and undermine the running
costs of solutions. Therefore, assistance and /or exemptions from these charges for resilience solutions
should be considered.

Battery technologies and costs have dramatically changed since the inception of the project. Smaller, more
compact solutions are available with costs reducing significantly due to maturity of the global BESS
marketplace.

DNO ownership of BESS solutions could help alleviate location challenges when it is not economically viable
for a RaaS service provider to invest in a particular location for resilience. However, it is likely the DNO
would require funding support to enable this.

Make the Raa$ service secondary to participation in the Flexibility Markets. If the business case is viable
excluding the RaaS service, RaaS fees would be more competitive reflecting the additional revenue benefit
it could deliver.

Enter longer term RaaS contracts. 5 and 10 years was modelled for Drynoch, but longer contracts would be
more attractive to Investors reducing their risk exposure from Flexibility Markets which may reduce their
IRR requirement thus reducing the Raas fee.
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Stakeholder dissemination Activities

The RaaS project was presented at the ENA Energy innovation Summit 2025, which was held in Glasgow on the
5% and 6™ November 2025. This provided an opportunity for the team to present the project to wider DNO’s
and other interested stakeholders. The presentation included the overview of the project alongside, the RaaS
technology in more detail. This also provided the team with an opportunity to explain the site selection
process. Overall, the dissemination event provided positive feedback as other DNO’s showed interest in the
project developments and engagement to understand the considerations and compromises made during site
selection and deployment.

Future dissemination events include an opportunity for the RaaS technology to be presented at Distributed
Energy Resources (DER) webinar held by University of Strathclyde on 23™ June. This will provide an excellent
opportunity to express the successful development of the BESS deployment and considerations that are
required for further site selection and barriers of entries that will be faced during BAU transition.

Other stakeholder engagement over the course of the project is identified in previous Project deliverable and
progress reports. These can be accessed on the project website which can be found below.
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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 - Sarah Rigby
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 PD6, Table 5 presents the Project Deliverables defined in the RaaS Project Direction.

Table 5 - RaaS Project Deliverables

Deliverable = Description Evidence

1 Front End Engineering Report detailing the selected site for demonstration and proposed
Design (FEED) 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 Construct investment business case for RaaS supplier.
otential RaaS suppliers
P PP Produce draft Heads of Terms for RaaS method.
4 Stakeholder Feedback Stakeholder feedback event to disseminate and gather feedback on
Event (Stage Gate) 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 Publish Demonstration analysis results on SSEN RaaS webpage
first site complete 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 Annual Project Progress Reports which comply with the
transfer requirements of requirements of the Governance Document.
the Governance 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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Project Deliverable 6

Appendix 2 - Glossary

AC
ALARP

Aux
AVC
BAU
BCP
BESS
BM
BMS
BSC
BoL

CB
CCR
CDM

Csl
csp
CcT

DC
DC
DDR
DER
DM
DMS
DNO
DR
DSR
EAT
EES
EF
EMS
FAT
FEED
HVAC
I/0
loT
KPC
LOM
LV
M2M

Alternating Current

As Low As Reasonably Practicable risk
assessment

Auxiliary

Automatic Voltage Control
Business as Usual

Battery Combiner Panels
Battery Energy Storage System
Balancing Mechanism

Battery Management System
Battery Systems Controller

beginning of life with reference to BESS
dischargeable energy

Circuit Breaker
E.ON’s Central Control Room

Construction (Design and Management)
Regulations 2015

Current Source Inverter
Common Services Panel

current transformer (measurement
instrument)

Direct Current

Dynamic Containment

Detailed Design Report
Distributed Energy Resources
Dynamic Moderation

Distribution Management System
Distribution Network Operator
Dynamic Regulation

Demand Side Response

Earthing & Auxiliary Transformer
Electrical Energy Storage

Earth Fault

Energy Management System
Factory Acceptance Testing

Front End Engineering Design
Heating, Ventilation and Air Conditioning
comms input/output

Internet of Things

Closing Pre-Charge Capacitor
Loss of Mains

Low Voltage
Machine-to-Machine communication

NIC
(o]@
OTR
PCC
PCS
PD
PLC
PoW
POWRA
PQ
PQ
PQM
PSU
Raa$S
RAMS
Rfl
RfP
RfQ
RoCoF
RSP
RTAC
RTU
SAT
SCADA
SGAM
SHE
SLD
THD
TSA
VDC
VPN
VPP
VSI
VT

WP
DUoS
TNUOoS
REGO
CCL

Network Innovation Competition
Over Current

Operational Trip Relay

Point of Common Coupling
Power Conversion System

Project Deliverable
Programmable Logic Controller
Point on Wave

Point of Works Risks Assessments
real power (P) and reactive power (Q)
Power Quality

Power Quality Monitoring

Power Supply Unit

Resilience as a Service

Risk Assessment and Method Statement
Request for Information

Request for Proposals

Request for Quotes

Rate of Change of Frequency
Raa$ Service Providers

Real Time Automation Controller
Remote Terminal Unit

Site Acceptance Testing
Supervisory Control and Data Acquisition
Smart Grid Architecture Model
Safety, Health and Environment
Single Line Diagram

Total Harmonic Distortion

DNO Technical Support Assistant
Volts Direct Current

Virtual Private Network

Virtual Power Plant

Voltage Source Inverter

voltage transformer (measurement
instrument)

Work Package

Distribution Use of Service
Transmission Network Use of Service
Renewable Energy Guarantees of Origin
Climate Change Levy
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