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Project Background 
 

Providing and maintaining acceptable levels of network resilience in remote locations remains a significant 
challenge, often requiring costly infrastructure investment or reliance on carbon-intensive standby generation. 
These costs are ultimately borne by network customers. The challenge is expected to increase as the electricity 
network continues to support the decarbonisation of transport and heat, alongside the growing connection of 
distributed renewable generation. 

 

The Resilience as a Service (RaaS) project aims to investigate an alternative and potentially more cost-effective 
approach to enhancing network resilience. The project will demonstrate a Primary RaaS solution within a defined 
Resilience Zone, connecting a battery energy storage system at HV level close to a Primary Substation. 
The objective is to maintain customer supplies during a loss of the 33kV infeed by temporarily operating the 
downstream network in islanded mode, providing time for the Distribution Network Operator (DNO) to respond 
and restore normal network conditions.  

 

The project demonstrates the technical feasibility of using flexible energy resources to provide local network 
resilience as an alternative to conventional reinforcement in areas where traditional solutions may be prohibitively 
expensive. The approach also explores opportunities for improved utilisation of energy storage assets, enabling the 
service provider to access additional revenue streams through participation in wider electricity markets when 
not required for resilience services. Furthermore, the concept offers the potential for local renewable generation 
to continue operating during network outages, reducing the loss of zero-carbon energy and associated revenue.  

Delivered in partnership between Scottish and Southern Electricity Networks (SSEN) Distribution, E. ON and 
Costain, the project received funding through Ofgem’s Network Innovation Competition (NIC). Alongside the 
technical demonstration, the project evaluates the commercial, regulatory and operational 
frameworks required to support future deployment of RaaS solutions. This includes assessing the business case 
for service providers, the economic benefits to network customers, and the regulatory considerations associated 
with utilising local energy resources to enhance network resilience.  

 

Following a successful Stage Gate review, the project progressed through construction, installation and 
commissioning of the pilot scheme at the selected trial site. Operational trials were subsequently completed 
to validate system performance, assess technical capabilities, and demonstrate the effectiveness of the RaaS 
concept under a range of network operating conditions. The project has provided valuable evidence and learning 
to inform the future application of flexibility-based resilience solutions across electricity distribution networks. 
  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Resilience as a Service, showing the key concepts. 
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Executive Summary 
Project Background 
 

The Resilience as a Service (RaaS) project was established to explore an 
innovative approach to delivering network resilience by utilising flexible 
energy resources as an alternative to traditional network reinforcement. 
Funded through Ofgem's Network Innovation Competition (NIC) and led by 
SSEN Distribution, the project responded to the growing need for cost-
effective, low-carbon solutions to improve security of supply for customers 
connected to remote and rural parts of the electricity network. Through the 
application of advanced battery energy storage and control technologies, 
the project sought to demonstrate how resilience could be procured and 
delivered as a service, supporting the transition to a smarter, more flexible 
energy system. 
 

Scope of the Project 
 

The project scope encompassed the design, development, installation, 
commissioning and demonstration of a Resilience as a Service solution at 
Drynoch Primary Substation on the Isle of Skye. Activities included network 
studies, front-end engineering and detailed design, development of 
commercial and contractual frameworks, procurement and installation of 
a grid-forming Battery Energy Storage System (BESS), development of the 
DNO RaaS Controller, operational testing and performance evaluation. The 
project also examined how resilience services could be integrated into 
future electricity systems and established processes that can support 
replication across the wider GB distribution network. 

 

 

 

 

 

 

 

Outcomes of the Project 
 

The outcomes of the project successfully demonstrated that a grid-forming 
Battery Energy Storage System can provide network resilience services 
during supply interruptions, validating the core RaaS concept in a live 
network environment. The solution demonstrated key capabilities 
including islanded operation, autonomous voltage and frequency control, 
black-start functionality, network restoration support and safe 
reconnection to the wider electricity network. The project has provided the 
industry with a practical demonstration of how resilience services can be 
delivered using innovative technologies, while creating a valuable evidence 
base to support future deployment and investment decisions. 
 

Project Deliverables 
 

While the project successfully delivered all Project Deliverables and 
achieved its core technical objectives, some elements of the original vision 
were only partially demonstrated. In particular, the project was unable to 
secure an export connection, due to transmission system constraints and 
connection queue, within the project delivery timescale. This limited 
opportunities to demonstrate participation in wider electricity markets 
under live operational conditions. As a result, the benefits associated with 
revenue stacking through wholesale, balancing and ancillary service 
markets were assessed through detailed modelling rather than real-world 
operation. 

Importantly, this did not affect the successful demonstration of the core 
RaaS concept or the achievement of the project's principal objectives. 
Instead, it highlighted areas for future development and provided 
valuable insight into the regulatory, commercial and connection-related 
considerations that will need to be addressed as similar solutions are 
deployed at scale. 
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Objectives Successfully Met, Including SDRCs and Project 
Deliverables 
 

The project successfully achieved its principal objectives and delivered all 
planned Project Deliverables. Key achievements included: 

 Demonstrating the technical feasibility of delivering resilience 
services using a grid-forming Battery Energy Storage System. 

 Successfully integrating third-party resilience assets with a live 
distribution network. 

 Developing and demonstrating the DNO RaaS Controller and 
associated operational systems. 

 Establishing commercial, contractual and operational frameworks 
to support future resilience service procurement. 

 Demonstrating successful islanded operation and restoration of 
customer supplies during outage scenarios. 

 Developing repeatable methodologies for identifying, assessing 
and sizing future RaaS opportunities. 

 Completing all Project Deliverables (PD1-PD8) and associated 
Successful Delivery Reward Criteria (SDRCs). 

 Delivering extensive stakeholder engagement, dissemination and 
knowledge-sharing activities to support wider industry adoption. 

 
Collectively, these achievements demonstrate that resilience can be 
delivered through innovative flexibility-based solutions and provide a 
strong foundation for future deployment across Great Britain's electricity 
networks. 

 

 

Main Learning Generated by the Project and the Methods Used 
 

The project generated significant technical, operational and commercial 
learning that will benefit both network operators and the wider energy 
sector. Most notably, it demonstrated that grid-forming battery energy 
storage technologies can successfully provide resilience services, offering 
a credible and lower-carbon alternative to conventional resilience 
solutions in suitable network locations. The project also demonstrated the 
importance of robust control systems, protection coordination, clear 
operational interfaces and close collaboration between network 
operators, technology providers and service providers. 

From a commercial perspective, the project improved industry 
understanding of how resilience services can be valued, procured and 
operated. It confirmed that maximising asset utilisation through access to 
multiple value streams will be an important factor in strengthening the 
future business case for RaaS deployments. 

The project also delivered valuable methodological learning. The use of 
Front-End Engineering Design (FEED), detailed network modelling, phased 
testing and commissioning, supplier-led technical studies and structured 
commercial assessment approaches all contributed to successful project 
delivery. These methods reduced project risk, improved stakeholder 
confidence and established a repeatable framework that can be applied 
by future resilience projects across Great Britain. 

Overall, the RaaS project successfully demonstrated an innovative and 
practical approach to delivering network resilience. It achieved its core 
objectives, delivered all project deliverables, generated substantial 
industry learning and established a robust technical and commercial 
foundation for future resilience services. The project has significantly 
advanced understanding of how flexible energy technologies can support 
a more resilient, efficient and low-carbon electricity network, while 
providing a clear pathway for future development and adoption 
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Details of the work carried out 
 

The Method Trialled  
SSEN has a large number of remotely located Primary Substations which are candidates for a proven RaaS 
solution.  Many of them adhere to an alternative security of supply standard (EM PO-PS-037) due to the 
prohibitive cost of meeting P2/8 1. While these areas typically have significant volumes of renewable generation 
connected which could support local electricity demand during a fault; this is not currently possible due to the 
difficulty in maintaining stable network operation when disconnected from the grid.  
 
The new RaaS service sought to contain additional network control systems including energy storage equipment 
to allow the network to run in island mode, along with a new contractual framework to allow assets to be utilised 
in the event of an outage (as illustrated in Figure 2).  
As per Figure 2 below, in a normal operating scenario (Left, Figure 2), customers on the LV network would be 
supplied by the HV 33kV transformer network (green arrows) with supplementary support by Distributed Energy 
networks (DER) and simultaneously charging the BESS System (blue arrows)  
In a fault scenario (Right, Figure 2), the 33kV transformer is disconnected, isolating the customers on LV. At this 
point, the BESS will then provide the required supply for the isolated network supported by the DER’s (BLUE) 
forming an islanded network.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
The method trialled included a single RaaS solution, connected at high voltage within Drynoch Primary Substation. 
This provided resilience for customers supplied by the Primary Substation, in the event of a fault on the upstream 
33kV network. 
 
The method included an appropriately sized BESS to provide various operational use cases.  The three main 
operational use cases are grid-forming and black start capability, energy for local demand and fault current. An 
Energy Management System (EMS) enables the integration between RaaS Service Provider and the flexible 
markets participants. A DNO RaaS controller provides the signals to the BESS EMS when a network outage occurs. 
 
The BESS scheme installed for the RaaS trial comprised three containers: a battery module, an inverter and an 
auxiliary control - together with a BESS transformer and external HVAC system.   

 
1 P2/8 is defined engineering recommendation for security of supply 

Figure 2: General RaaS concept 

Resilience at HV 
response to 33Kv 

Fault 

HV Resilience 
storage system 

connected at HV, 
normally achieving 

revenue stream 
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Photographs of the completed installation are available in Figure 4.  
 
The Development and Demonstration of the method 
 

To meet the eight project deliverables and demonstrate the Method the project was split into a series of work 
packages. The following section outlines each work package and the approach taken. More information regarding 
the work packages and project deliverables can be accessed at RaaS project website: RaaS Project Documents 

 

Work Package Title 

WP1 Project Coordination 

WP2 Front End Engineering Design 

WP3 Detailed Design 

WP4 Planning for Operational Commercial Optimisation 

WP5 Business Model 

WP6 Supply Chain Engagement 

WP7 Demonstration Site Construction and Operation 

WP8 Dissemination 
 

Table 1: Overview of the RaaS Work Packages 

 

WP1 - Project Coordination 

 WP1 covered the project management, governance, and coordination activities. 

 Regular meetings were held to review progress against the project plan, discuss current and upcoming 
activities, identify and manage risks, and address any emerging issues. 

 Project Steering Board meetings were held to provide delivery updates, facilitate challenge and review, 
and obtain strategic guidance on project direction. 

 Coordination of scheme delivery activities, involving collaboration with delivery contractors, site teams, 
and supply chain partners in accordance with CDM requirements. 

 

WP2 - Front End Engineering Design (FEED) 

 WP2 covered the initial design and feasibility assessment of the proposed RaaS solution.  

 Defined system requirements and use cases for RaaS operation and service delivery.  

 Analysed and specified key operational processes required for implementation.  

 Evaluated interfaces and responsibilities between the RaaS Provider and the DNO.  

 Established key protection and earthing arrangements for the system.  

 Conducted an extensive trial site selection process to identify a suitable demonstration location.  

 Selected Drynoch Primary Substation (Isle of Skye) as the proposed trial site for the RaaS demonstration. 

 

As per Figure 3 below, the RaaS Hub consists of the BESS system and infrastructure associated with providing 
flexible services 

https://ssen-innovation.co.uk/raas/project-docs/
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WP3 - Detailed Design 

 WP3 built on WP2 to develop a detailed technical design for the application of RaaS. This comprised of: 

 Design of the BESS and associated Energy Management System (EMS). 

 DNO side aspects of the scheme and integration with existing Substation assets and control systems. 

 Interfaces between the DNO and BESS systems, the communications requirements and information 
exchanges, the network protection systems, and the associated roles and responsibilities.   

 Plans have also been drawn up for the various stages of testing required during development and 
commissioning of the RaaS scheme. 

 E. ON’s engagement with potential BESS equipment suppliers during the detailed design stage formed the 
basis for the full tender process used to identify and appoint the BESS system provider for the project trial. 

 

WP4 - Planning for Operational Commercial Optimisation 

 WP4 explored operational schedules for a BESS scheme focused on the provision of RaaS and participation 
in other ancillary service and arbitrage markets available at that time.   

 Three initial product design scenarios were used to represent different levels of granularity in RaaS service 
level requirements, with optimisation modelling applied to evaluate the potential income from other 
revenue streams.   

 This work then informed the initial investor business case assessment undertaken within WP5, and 
alongside wider strategic considerations, contributed to the development of a commercial framework for 
future roll out of RaaS, as presented in PD5 ‘Supply Chain Engagement - Commercial Framework’ 4 

 The range and nature of products open to flexibility service providers continues to evolve, and the project 
team continue to follow wider industry initiatives relevant to the potential future rollout of RaaS, and 
participate in events feeding into the development of new approaches to, for example, flexibility services 
and market platforms. 

 

WP5 - Business Model 

 Evaluated the potential business model for RaaS suppliers, integrating technical and operational insights 
from earlier project stages. 

Figure 3: Schematic of the RaaS solution supporting primary substation 
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 Developed and assessed product design scenarios to support commercial evaluation of RaaS. 

 Produced an Investor Business Case (IBC) for RaaS providers, focusing on revenue stacking opportunities 
across multiple markets. 

 Undertook an Investor Risk Evaluation, informed by engagement with a range of potential investor groups 
and stakeholders. 

 Expanded the original scope to assess the business case for RaaS from a DNO perspective. 

 Identified and compared RaaS investor and DNO business cases to understand areas of alignment. 

 Evaluated options to improve the commercial attractiveness of RaaS for both service providers and DNOs. 

 Developed recommendations to refine the future RaaS commercial strategy, documented in PD5: Supply 
Chain Engagement – Commercial Framework. 

 Supported the creation of a commercially viable RaaS model that delivers value for service providers while 
remaining cost-effective for DNO customers. 

 
WP6 - Supply Chain Engagement 

 Assessed the scalability of RaaS, ensuring it could transition from a single pilot project to Business-as-Usual 
(BAU) deployment across suitable GB DNO sites. 

 Supported development of a broad RaaS supply chain to enable efficient and cost-effective service 
delivery. 

 Considered application of RaaS across different network configurations, locations, and local energy 
resource scenarios. 

 Developed options for the future commercial framework required to support RaaS deployment and 
market growth. 

 Delivered targeted stakeholder engagement events to present proposals and gather industry feedback on 
commercial and delivery models. 

 Refined the proposed commercial strategy through stakeholder consultation and supply chain 
engagement. 

 Documented the commercial framework and engagement approach in PD5: Supply Chain Engagement – 
Commercial Framework. 

 Maintained stakeholder engagement throughout the project, sharing lessons learned from the trial 
installation and operational phases. 

 Promoted awareness of local network resilience solutions and the opportunities offered by RaaS to 
industry stakeholders. 

 Supported the long-term rollout and adoption of RaaS by identifying pathways for wider implementation 
and customer benefit realisation. 

 
WP7 - Demonstration Site Construction and Optimisation 

 WP7 comprises the procurement, construction, installation and commissioning of a RaaS system at the 
Drynoch trial site, with detailed testing and live operation. Delivery of the demonstration scheme has: 

 conclusion of the site works for construction and installation of the trial scheme 

 BESS container shipping, cranage & offloading 

 Factory Acceptance Testing of BESS components at Loccioni’s facility in Italy 

 Factory Acceptance Testing and lab testing of the DNO RaaS Controller at SEL’s offices in the UK 
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 RaaS RTS integration lab testing at SSEN Distribution facilities in the UK 

 key periods of detailed site commissioning and testing 

 
The work undertaken to establish the pilot RaaS scheme and integrate the new third party assets with the 
existing DNO infrastructure is set out in PD6 ‘Network Adaptation and Acceptance Testing’, published in October 
2025. 

In line with NESO’s Connections Reform process4, the project has also submitted Gate 2 evidence for a future 
export connection for the RaaS asset. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

Figure 4: Aerial view of the completed RaaS BESS installation 

 

WP8 - Dissemination 1 

 WP8 comprises all project dissemination activities, including conferences, presentations, webinars, and 
attendance at other relevant events.  Key activities included: 

 engagement with organisations involved in the energy storage supply chain who’ve made contact to 
express an interest in what’s being developed through the RaaS project 

 support for Northern Powergrid’s MultiResilience innovation project through steering group meetings 
and by sharing RaaS project deliverables, including the algorithm and configuration files for the DNO 
RaaS Controller developed and applied within the RaaS project 

 joining Elexon ‘Flexibility Market Asset Register’ (FMAR) workshops 

 joining ‘The Storage System that Empowers a Safer, Smarter Grid - Deep Dive into Envision’s Advanced 
5MWh Energy Storage System’ webinar, January 2025 

 attending Innovate UK’s ‘Cross-Sector Battery Showcase - Advancing Innovation Across Industries - 
2025’ event at De Montfort University in Leicester, March 2025 

 supporting Northern Powergrid’s Resilient Customer Response innovation project through its Advisory 
Group and online workshops, May, June and October 2025 
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 presenting RaaS at the Energy Innovation Summit 2025 in Glasgow, as part of the ‘System Resilience & 
Security’ session, 5 & 6 November 2025 

 production of an E. ON Internal Communications on location video to promote the project and its 
innovation and collaboration - SSEN Distribution branded version also created, Autumn 2025 
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The Outcomes of the Project 
 

This section of the report analyses the specific outcomes of the project which enables other licensees to 
understand how the method could be applied on their respective networks. This section analyses a series of 8 
outcomes over the project and an explanation as to how the project had the met the objective. 

 

Resilience as a Service General Requirements & Site Identification  
 
 

 Understand how resilience can be supplied as a service  

The project developed an understanding of both the technical and commercial mechanisms required to 
deliver resilience as a service. It demonstrated how resilience could be provided through strategically 
located assets rather than relying solely on traditional network reinforcement or standby generation, 
creating a model that could be applied to other remote resilience zones. 

 

 A structured site-selection process to identify Substations where a Resilience as a Service (RaaS) 
solution would deliver the greatest value  

The process began with the creation of a longlist of radial or geographically remote Primary 
Substations that experience higher outage risk or are costly to reinforce through conventional means. 
Candidate sites could then be assessed and ranked against criteria such as resilience benefits, 
distributed energy resource (DER) potential, network integration requirements, deliverability, and 
overall cost-effectiveness.  

 
Figure 5: A List of all potential RaaS sites  

 

Following this assessment, a shortlist of the most suitable locations was developed and subjected to 
detailed site surveys and Front-End Engineering Design (FEED) studies. SSEN successfully applied 
this methodology by screening 31 SHEPD candidate sites and shortlisting five locations: Drynoch, 

For detailed analysis of the RaaS requirements and site identification, please refer to PD1 - 
FEED Report and Site Selection documents found in the Appendix 3.  
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Kinloch, Kishorn Hill, Lochinver, and Mallaig. Considering the requirements needed for providing 
Resilience as a Service identified in the original feasibility studies, Drynoch was selected as the most 
appropriate site from the shortlist as it provides the opportunity to test all key aspects of the RaaS 
concept, achieve the project goals, and deliver the full range of benefits from the solution. By adopting 
a similar evidence-based selection framework, other networks can focus investment on areas where 
flexible resilience solutions are most likely to reduce customer outage impacts, defer or avoid 
expensive reinforcement works, and reduce reliance on diesel standby generation.  

 

Engineering Design & Network Integration 
 

 

 

 Demonstrate that system components for resilience can be integrated into the network  

The project demonstrated that battery storage, control systems, and network infrastructure could be 
safely integrated while maintaining clear boundaries of responsibility between the DNO and the 
resilience service provider during both the construction and operational phase. It established technical, 
operational, and ownership arrangements that support future replication.  
 

 Detailed Design 

Detailed engineering work developed the complete technical design required to implement the 
Primary RaaS solution. This included network modifications, protection settings, communications 
requirements, and integration arrangements between DNO assets and third-party infrastructure. The 
work package transformed conceptual requirements into a fully engineered solution. It defined the 
technical standards, equipment specifications, interfaces, and protection arrangements necessary to 
implement resilience as a service.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Topics addressed in the Detailed Design. 

For detailed Engineering Design & Network Integration, please refer to PD2 - Detailed 
Design and PD6 - Network adaptation Testing documents found in Appendix 3. and Site 
Selection documents found in the Appendix 3.  
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 Network Adaptation and Acceptance Testing 

Testing and commissioning activities demonstrated that the solution could operate safely within a live 
network environment. The deliverable provided evidence of functional performance and confirmed 
successful integration of the resilience asset with existing network infrastructure.  

 

 Demonstration Site Construction and Optimisation 

The construction and implementation phase validated the design assumptions and demonstrated the 
practical integration of the resilience solution. The work provided operational experience that can 
inform future deployments on other networks.  
 

 Determine the battery energy capacity required to maintain supply through a chosen proportion of 
historical or forecast outage events  

By analysing outage-duration distributions alongside local demand profiles, the network can calculate 
the MWh requirement needed to achieve a target resilience level, such as 90% outage coverage. For 
example, the Mallaig analysis found that achieving 90% coverage required approximately 1.3 MWh for 
a 1-hour outage, 2.5 MWh for 2 hours, 4.9 MWh for 4 hours, 7.2 MWh for 6 hours, and 14.3 MWh for 
12 hours. This evidence-based sizing methodology enables networks to right-size battery assets, 
balancing resilience benefits against capital cost by avoiding the need to design for rare peak outage 
scenarios while still covering the majority of expected interruptions. Although the specific capacity 
values are site-dependent, the analytical process is directly transferable to other networks and can 
provide robust quantitative justification for battery sizing decisions during the early project 
development stages.  

 

 
Figure 7: Battery size required to provide 4-hour resilience at the shortlisted sites 

 

 Clear architectural separation between network operator systems and third-party energy storage and 
control systems during the detailed design phase  

This involved defining distinct ownership, control, communication and operational responsibilities for 
DNO-side protection, Supervisory Control and Data Acquisition (SCADA) and Distribution Management 
System (DMS) functions, while allowing the BESS and (EMS provider to manage asset-level control 



 Resilience as a Service (RaaS) Close Down Report 

16 

within agreed operating parameters. As demonstrated in the RaaS project, the design established and 
tested defined operational modes and interfaces for key processes such as fault ride-through, black 
start, adaptation to islanded operation, and transfer back to conventional network operation. By 
clearly documenting these operational states, control handovers and responsibility boundaries, 
networks can enable automatic restoration and secure islanded operation without creating ambiguity 
over asset ownership or operational accountability. This approach is particularly transferable to 
resilience and microgrid schemes involving third-party flexibility providers, as it supports safe 
integration, simplifies governance arrangements, and provides a structured framework for managing 
complex interactions between network and energy storage systems.  

  

 Specifying detailed vendor-led modelling requirements as part of the BESS procurement and detailed 
design process, ensuring that potential suppliers demonstrate the technical capability of their solutions 
under both normal and islanded network conditions  

Networks can require vendors to provide validated, technology-specific models covering grid-following 
and grid-forming transitions, fault current contribution, black start capability, system stability, DER 
interactions, and protection coordination. The RaaS project adopted this approach by defining 
minimum technical requirements within its Request For proposal (RFP), including a rating of power 
conversion system (PCS), minimum storage capacity, specification for BESS transformer, and inverter 
fault current capability of 1.2 p.u. for up to 3 seconds. 

Supplier modelling and detailed design studies subsequently demonstrated compliance and refined the 
final system specification. By requiring this level of technical analysis before deployment, other 
networks can gain evidence that a proposed grid-forming BESS is capable of maintaining voltage and 
frequency, supporting protection operation, and managing transitions between connected and 
islanded modes. This provides a stronger technical basis for procurement and design decisions, while 
helping to identify potential risks associated with real-world load and DER interactions before 
commissioning.  

  

 Undertaking detailed protection, inrush current and black-start studies for each candidate site before 
procurement and commissioning activities begin 

Using network models and supplier-specific BESS representations, engineers can assess fault current 
behaviour, protection sensitivity and selectivity, transformer and feeder energisation inrush currents, 
and the sequence of operations required to restore supply following a loss of the upstream network. 
The RaaS project demonstrated the value of this approach through detailed simulations that confirmed 
the feasibility of black-start operation and indicated that inverter current limiting could be used to 
manage feeder energisation during restoration. The project also identified contingency measures, such 
as Point of Wave (PoW) switching, that could be deployed if commissioning tests revealed 
unacceptable inrush levels. By performing these studies early in the design process, other networks can 
reduce technical uncertainty, validate restoration strategies, identify protection setting changes, and 
confirm that a grid-forming BESS can safely energise and support an islanded 11 kV network. This 
provides a robust technical basis for procurement and deployment decisions while ensuring that any 
residual risks are understood and addressed before the system enters service.  
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Figure 8: Process for protection system performance analysis 

 

 

Data Exchange, Visibility & Operational Control  
  

 

 Develop an understanding of the optimum relationship between resilience provision and commercial 
viability.  

The project improved understanding of how resilience requirements, operational flexibility, and 
commercial optimisation interact. It identified opportunities to balance resilience availability with 
wider market participation while maintaining customer security of supply. 

 

 Network Adaptation and Acceptance Testing 

The testing programme validated operational control functions including network monitoring, 
communications, islanded operation and transition back to normal operation. These findings provided 
evidence of the data exchange requirements necessary for successful resilience service delivery. 

 

 Planning for Operational Commercial Optimisation 

This work package examined how operational decisions, forecasting, and dispatch arrangements could 
maximise value while maintaining resilience capability. The resulting learning highlighted the 
importance of visibility and operational coordination in delivering resilience services efficiently. 

Specifying detailed vendor-led modelling requirements as part of the BESS procurement and detailed 
design process, ensuring that potential suppliers demonstrate the technical capability of their solutions 
under both normal and islanded network conditions.   

 

 

 

 For detailed Data Exchange, Visibility & Operational Control, please refer to Project Deliverable 6 -
Network Adaptation and Acceptance Testing  
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Commercial Viability & Revenue Optimisation  
 

 

 Confirm that storage technology providing resilience is capable of achieving expected revenue streams 

The project demonstrated that resilience assets could derive value from participation in ancillary 
service and flexibility markets alongside resilience provision. Revenue stacking analysis showed the 
potential to reduce overall resilience costs and improve investment attractiveness. 

 

 Business Model 

The business model assessed resilience as a service from both DNO and service provider perspectives. 
It developed methods for valuing resilience services, evaluating project economics, 
and identifying mechanisms that improve commercial viability.  

The work package translated technical capability into commercial value by assessing investment cases, 
revenue opportunities, and contractual structures. It provided a framework that other licensees can 
use when assessing the viability of resilience services. 

 

 Planning for Operational Commercial Optimisation 

Commercial optimisation analysis evaluated how different operating strategies could affect both 
resilience performance and market revenues. This work identified opportunities to improve economic 
outcomes through more flexible operating arrangements. 
 

 

 

 
 

 

 Revenue-Stacking Product Design  

Another network could adopt a revenue-stacking approach by reserving sufficient battery capacity to 
deliver resilience services while allowing remaining capacity to participate in wider energy markets. 
This could include wholesale trading, balancing services, Dynamic Containment, Capacity Market 
participation and other ancillary service opportunities, subject to operational constraints. The RaaS 
project demonstrated how additional market revenues can materially improve project economics and 
reduce the level of resilience payments required from the DNO. By designing resilience products that 
enable compatible secondary revenue streams, networks can lower the overall cost to customers, 

 For detailed Commercial Viability & Revenue Optimisation, please refer to Project Deliverable 3 - 
Business Model  

 

Half Hourly over 24 hours 

 More information on Figure 9, please refer to Sections 4.1.1 and 4.1.2 in Work Package 4 – Flexibility 
Optimisation for RaaS Battery Operation (E4.2_E4.3)  

Figure 9: Storage optimiser illustration 
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improve investor confidence and increase the likelihood of attracting commercial providers 
to participate in resilience procurements. As market values evolve, the same principle can be applied 
using whichever flexibility and balancing services offer the strongest commercial opportunities.  

 

 Adapt Open Networks Flexibility Services Standard Agreement for RaaS  

RaaS deployment can be accelerated by building on existing flexibility market contracts rather than 
developing entirely new commercial arrangements. The ENA’s Open Networks Programme’s Flexibility 
Services Standard Agreement (FSSA), which describes common flexibility service terms and conditions,  
can be adapted to include resilience-specific definitions, operational obligations, service schedules and 
controls governing changes to service requirements. The RaaS project identified key areas for 
contractual adaptation, providing a practical template that other networks can replicate. Using a 
recognised industry contract structure reduces development time, gives service providers greater 
contractual certainty, and supports consistency across future resilience procurements. This approach 
also improves market confidence by ensuring that obligations, service expectations and change-control 
mechanisms are clearly defined and familiar to participants.  

 

 Dual-sided DNO WTP and RSP WTA Valuation Framework  

The project looked into the DNO Willing to Pay (WTP) and Raas Service Provider (RSP)’s Willing to 
Accept (WTA) valuation framework. 

A DNO could apply this method by assessing the viability of a RaaS scheme from both the network and 
provider perspectives before procurement. The DNO side can quantify the value of improved resilience 
using customer interruption (CI), customer minutes lost (CML), Interruption Incentive Scheme (IIS) 
impacts and Value of Lost Load (VoLL) assessments, while potential Resilience Service Providers (RSPs) 
can evaluate project economics based on capital expenditure, operating costs, expected revenues, 
internal rate of return (IRR) targets and contract duration. The RaaS project demonstrated that 
significant differences could exist between DNO willingness to pay and provider willingness to accept, 
highlighting the importance of robust commercial evaluation before deployment. Applying this 
framework allows networks to target resilience investments only where customer and network 
benefits justify the costs, avoiding deployment in locations where the service cannot be delivered 
economically while focusing resources on the highest-value opportunities.  

 

Supply Chain & Procurement Frameworks  

 
 

 

 Develop supply chain models for the provision of resilience and understand cost-effective procurement 

The project established how resilience services could be procured through competitive market 
processes and identified the supply chain capabilities required to support future deployment. The work 
improved understanding of how market participation could be encouraged 
while maintaining customer value. 

 

  Supply Chain Engagement - Commercial Framework 

The project developed a commercial framework covering product design, procurement routes, 
payment mechanisms, and supplier engagement. Feedback from industry stakeholders informed 
recommendations for future implementation and market development. 

 

 For detailed Supply Chain & Procurement Frameworks, please refer to Project Deliverable 5 - Supply 
Chain Engagement - Commercial Framework  
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 Supply Chain Engagement 

This work package engaged suppliers, flexibility providers, investors, community energy organisations, 
and industry bodies to understand market requirements. The resulting insights helped shape a 
procurement model capable of supporting long-term resilience service delivery. 

 

 Technology-Neutral RaaS Market Product  

Maximising competition by specifying resilience outcomes and technical performance requirements 
rather than prescribing a particular technology solution. Providers could meet the requirement using 
standalone battery systems, renewable-plus-storage projects, behind-the-meter assets, virtual power 
plants, aggregations of distributed resources or microgrids, provided they satisfy defined grid-forming, 
protection, communications and operational criteria. The RaaS project demonstrated that a 
technology-neutral approach can widen participation and encourage innovative solutions. By focusing 
on functional requirements rather than asset types, networks can access a larger supplier base, 
stimulate competition and potentially reduce resilience delivery costs through greater flexibility in how 
services are provided.  

 

 Competitive Tender with Pre-Qualification, Modelling Assessment and Final Bid  

Adopt a structured procurement process that combines commercial competition with rigorous 
technical assessment. This would involve identifying target sites, pre-qualifying providers, issuing 
detailed technical information packs, inviting indicative bids, requiring detailed system modelling and 
then evaluating final offers against both technical and commercial criteria. The RaaS 
project demonstrated that early market engagement and staged procurement can improve supplier 
participation and provide better visibility of delivery options. Applying this process across multiple 
resilience sites could create economies of scale, reduce procurement effort per location and support 
the development of a repeatable resilience services market.  

 

 Defined Reserved-Capacity Product with Availability and Utilisation Payments  

Another network could implement a reserved-capacity service model in which providers commit a 
defined amount of resilience capacity for specified periods, receiving availability payments 
for maintaining readiness and utilisation payments when the service is called upon. Capacity 
requirements could initially be defined by season or time block and evolve over time as forecasting 
improves. The RaaS project showed how separating availability and utilisation payments can provide 
investors with revenue certainty while ensuring that DNO spending remains linked to resilience needs 
and outage risk. This structure creates a transparent commercial framework that balances provider 
bankability with customer value for money.  

 

 Stakeholder Alignment & Governance  
 

  

 

 Stakeholder Engagement and Stage Gate Decision  

Stakeholder engagement activities validated technical, commercial, and operational assumptions 
throughout the project lifecycle. The resulting feedback informed key decisions and supported 
progression through project governance and stage-gate processes. 
 

 For detailed Stakeholder Alignment & Governance, please refer to Project Deliverable 4 - Stakeholder 
Engagement & Stage Gate Decision 
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 Project Coordination 

Effective project coordination ensured alignment between project partners, suppliers, stakeholders, 
and governance requirements. This work package provided the oversight necessary to deliver the 
project safely, efficiently, and in accordance with the agreed objectives. 

 

 Community Resilience Acceptability Survey  

Undertake structured customer and community engagement before deploying resilience assets, 
particularly in areas experiencing poor reliability or prolonged outages. Surveys can be used to 
understand customer experiences, gauge support for proposed interventions and identify local 
concerns that should inform project design, communications and operational planning. The RaaS 
project demonstrated strong customer support for resilience improvements, providing useful evidence 
that local stakeholders recognised the need for enhanced security of supply. Applying similar surveys 
elsewhere would allow networks to target investment where customer needs are greatest, improve 
local acceptance and ensure that resilience solutions are developed with a clear understanding of 
community priorities.  

 

 SGAM-Based DNO/RSP System Architecture and Control Integration  

Using the Smart Grid Architecture Model (SGAM) to define the technical architecture of a resilience 
scheme before implementation. Mapping components, functions, information exchanges, 
communications pathways and business processes within a common framework helps establish clear 
integration requirements between DNO systems and third-party service providers. The RaaS project 
used an SGAM-based architecture to define interactions between network controls, 
protection equipment and site-level resilience assets. Replicating this approach can reduce interface 
risk, improve design consistency and provide a clear blueprint for future projects involving multiple 
vendors and operational stakeholders.  

 

Demonstration, Testing & Validation  

 

 
 Demonstrate integration of resilience components into the network 

Practical trials demonstrated the successful operation of the Primary RaaS solution within a live 
network environment. The project confirmed that resilience services could be delivered through 
integrated network and third-party assets while maintaining safe operation. 

 

 Confirm commercial capability of resilience storage assets 

Demonstration activities supported the wider assessment of technical and commercial performance. 
They provided real-world evidence that resilience assets could potentially support multiple value 
streams while maintaining resilience capability. 

 

 Understand the balance between resilience and commercial delivery  

Trial activities highlighted the operational considerations involved in balancing resilience commitments 
with wider market opportunities. This provided valuable learning regarding optimisation strategies and 
service availability requirements. 

 For detailed Demonstration, Testing & Validation, please refer to Project Deliverable 7 - Trial 1 - 
Demonstration at first site complete  
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 Network Adaptation and Acceptance Testing  

This deliverable captured the testing and commissioning evidence required to validate system 
functionality and operational readiness. Results demonstrated the performance of the integrated 
resilience solution and provided information relevant to future applications. 

 

 Demonstration at Trial Site Completed  

The successful demonstration showed how resilience as a service could be implemented within a 
defined resilience zone using a Primary RaaS solution connected close to a Primary Substation. The trial 
provided practical evidence that the method could improve resilience during a 33kV infeed outage. 

 

  Demonstration Site Construction and Optimisation  

The work package delivered the construction, commissioning, operational testing, and optimisation 
activities required to validate the project approach. It generated practical learning that can inform 
future deployment decisions by other network operators. 

 

 Staged FAT, SAT and Commissioning Method for Automated Resilience Controls  

DNOs could adopt a phased testing strategy that progressively verifies system functionality before live 
operation. Control logic can first be tested in a laboratory environment, followed by factory acceptance 
testing (FAT) of supplier equipment and then site acceptance testing (SAT) of integrated systems under 
real operating conditions. The RaaS project used this approach to validate protection schemes, control 
functionality, black-start operations, islanding capability, synchronisation and communications before 
service commencement. Applying a structured testing process helps identify defects early, reduces 
commissioning risk and increases confidence that resilience systems will perform as intended during 
genuine network outages.  

Figure 10: Aerial view of BESS System successfully implemented at Drynoch. 
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Figure 11: An example of voltage, power and frequency measurements during RaaS operation in island mode 

 

 

 Novel Fault-Level Contribution Testing with ALARP Governance  

Implementing a formal testing methodology for validating inverter fault-current performance on live 
networks, supported by detailed risk assessments, control-room procedures and ALARP (As Low as 
Reasonably Practicable) principles. The RaaS project demonstrated how controlled fault testing can 
provide valuable evidence on whether a grid-forming battery can adequately support protection 
systems during islanded operation. Adopting a similar approach would allow networks to validate key 
protection assumptions under real-world conditions, identify any gaps between modelled and actual 
performance, and develop mitigation measures before resilience services are relied upon 
operationally.  
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Figure 12: Set up for fault test at Drynoch Primary  

 

 Demonstration-Analysis Method for Live Site  

Using a structured demonstration and learning framework for its first operational resilience site, 
publishing both technical and commercial outcomes to inform future deployments. Although live-trial 
performance results were not available from the retrieved RaaS evidence, the project established the 
process of validating readiness through extensive commissioning and pre-trial testing. Applying this 
approach helps build confidence in new resilience technologies, provides evidence for regulators and 
stakeholders, and creates a robust knowledge base to support wider rollout. Analysis could include 
operational availability, response to network events, customer impacts, market 
participation performance and lessons learned during operation. 
 

Business-as-Usual Adoption & Industry Dissemination  
 

 

 Disseminate Project results within the industry 

The project shared learning through conferences, working groups, publications, advisory boards, 
webinars, and engagement with other network operators. These activities ensured that the project's 
technical, operational, and commercial findings were accessible to a broad range of stakeholders.   

 

 BAU Preparation 

The project developed the information, frameworks, and practical learning needed to support 
transition from innovation to business-as-usual adoption. This included transferable guidance that can 
help other licensees evaluate and implement similar resilience solutions. 

 

 Dissemination  

Dissemination activities communicated project outcomes across the electricity sector and supported 
wider understanding of resilience as a service. The work package ensured that other licensees could 
understand the methodology, benefits, challenges, and potential applicability of the solution within 
their own network areas.  

 For detailed Demonstration, Testing & Validation, please refer to Project Deliverable 8 - BAU 
Preparation  
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 Project Coordination  

Coordination activities supported the capture, management, and communication of project learning 
throughout the project lifecycle. This ensured that lessons learned could be effectively transferred to 
future projects and wider industry stakeholders.  

 

 Second-Site BAU Preparation and Market Consultation Method  

DNOs could use findings from an initial demonstration project to identify and prepare higher-value 
locations for business-as-usual deployment. This would involve reassessing candidate sites using 
operational, technical and commercial lessons learned, alongside updated stakeholder and market 
engagement. The RaaS project identified Kinloch as a potential follow-up candidate based on network 
characteristics and resilience needs, creating a pathway from innovation trial to repeatable 
deployment. Applying a similar method enables networks to move systematically from proof-of-
concept projects towards scalable resilience programmes, ensuring that future investments are 
informed by practical operational experience and evolving market capabilities.  

  

Technical Readiness 
 

The RaaS project has played a critical role in advancing the concept from a Technology Readiness Level (TRL) of 6: 
where individual technologies and component parts had been successfully demonstrated, to TRL 8: where a 
complete and integrated system has been proven in an operational environment.  

 

Pre-Project Position Position Achieved During the Project 

Limited operational evidence and uncertainty 
around deployment requirements. 

Real-world trials validated performance and defined 
deployment requirements. 

Uncertainty around commercial arrangements and 
value delivery. 

Improved commercial confidence and understanding 
of delivery models. 

Limited industry confidence in the scalability and 
applicability of RaaS. 

Increased industry confidence through successful 
demonstration in operational environments. 

No clear route to large-scale network adoption. Reduced uncertainty and established a credible 
pathway to BAU deployment. 

 
Table 2: RaaS TRL Advancement 
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Performance compared to the original Project aims, objectives and SDRC/Project Deliverables 

 

The RaaS Project was designed to help DNOs and wider industry understand how to use DER to provide resilience 
on a commercial basis, as an alternative to traditional reinforcement. The Full Screening Proposal identified 6 
main learning outcomes for the RaaS Project.  This section of the report provides an evaluation of the project’s 
performance against the delivery of these learning outcomes. 

 

Understand how resilience can be supplied as a service 
 

Network Models 

During the FEED phase, detailed DIgSILENT PowerFactory models were developed for the Drynoch, Kinloch and 
Mallaig 11 kV distribution networks, incorporating network topology, demand, distributed generation, protection 
systems, BESS controls and temporary generation. These representative network models were used to evaluate 
the applicability of RaaS across different network characteristics, with Drynoch subsequently selected as the 
demonstration site. The models supported a comprehensive programme of technical studies, including power 
flow, fault level, dynamic stability, transient, transformer inrush current, protection coordination and earthing 
assessments.  

These studies evaluated network performance under a range of operating conditions and informed inverter 
performance requirements, protection arrangements, earthing design, operational procedures and detailed 
scheme design. Battery sizing was assessed using representative half-hourly demand data and outage profiles for 
the resilience zone. Analysis indicated diminishing resilience benefits beyond approximately 90% outage 
coverage, with around 3.5 MWh of usable storage capable of providing four hours of resilience for approximately 
90% of outage scenarios.  

This informed the selection of the final storage capacity while balancing resilience performance and cost, 
demonstrating the importance of sizing RaaS assets against credible service requirements rather than exceptional 
worst-case events. The project also established and validated a dynamic protection philosophy for inverter-based 
network operation.  

Following updates to the network design, including the addition of a DNO-owned earthing transformer, 
protection studies were re-run using revised network models and supplier-specific inverter fault current 
characteristics. SSEN subsequently developed and commissioned dynamic protection setting groups, undertaking 
Primary and secondary injection testing together with site fault level testing under both three-phase and single-
phase earth fault conditions. Site acceptance testing and further protection assessments were then used to refine 
and finalise the protection settings, demonstrating that adaptive protection schemes can maintain selectivity and 
acceptable fault clearance performance under varying network operating states and should be considered early 
in future RaaS deployments. 

 

Required Usable Energy Capacity for RaaS 

Battery capacity was assessed using representative half-hourly demand data for the resilience zone, considering 
average demand, peak demand, outage duration and the proportion of credible outage scenarios to be covered.  

For Drynoch, annual demand was relatively stable at approximately 0.55 MVA, with peaks between 1.32 MVA and 
1.78 MVA. Rolling energy profiles for 1, 2, 4, 6 and 12-hour outages showed diminishing returns beyond 
approximately 90% of all outage scenarios for the Primary substation. The FEED study indicated that around 3.5 
MWh of usable capacity would provide 4 hours of resilience for approximately 90% of outage scenarios. The final 
battery size was reduced to 3 MWh to balance resilience performance and cost.  

This demonstrates the need to size RaaS assets against credible service requirements rather than exceptional 
worst-case events. In turn, this may point to the future use of demand-side response to reduce discretionary 
demand as an alternative to adding more storage capacity to the RaaS asset.  
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Dynamic Protection Settings for Grid-Connected and Islanded Operation 

While the initial Power Factory studies established the protection philosophy and demonstrated the need for 
alternative protection setting groups for grid-connected and islanded operation, additional engineering work was 
required before the settings could be finalised. Changes to the scheme configuration, including the introduction 
of the DNO-owned earthing transformer, required the protection studies to be re-run using updated network 
models and supplier-specific inverter fault current characteristics.  

This was necessary because each inverter manufacturer implements a programmed fault response that limits and 
shapes the available fault current while protecting the inverter from thermal damage. SSEN subsequently 
developed and commissioned dynamic protection setting groups, undertook Primary and secondary injection 
testing, and carried out site fault level contribution testing, including island mode three-phase and single-phase 
earth fault scenarios. The results of site acceptance testing, together with further assessment by SSEN's 
Protection team, were then used to validate, refine and ultimately finalise the protection settings for both grid-
connected and islanded modes of operation. 

The project therefore evaluated dynamic protection settings that change with network operating state. 
Conventional settings are used during normal grid-connected operation, while an alternative setting group is 
enabled in islanded mode with lower pickup thresholds, adjusted grading margins and characteristics suited to 
the reduced BESS fault current contribution. 

This approach maintains selectivity and acceptable fault clearance times without causing nuisance tripping during 
normal operation. It should be considered early in future RaaS designs, as the protection philosophy can 
materially influence inverter specification, control design and commissioning tests. 

 

 

 

 

 

 

Figure 13: An example of battery energy capacity versus percentage of 
potential outages covered for a given battery energy based on Mallaig 

primary. 
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Demonstrate that the system components for the provision of resilience can be integrated into the 
network, with clarity on the division of scope of supply between the DNO and resilience supplier 
 

RaaS BESS System Functional Requirements 

The Detailed Design phase translated the FEED study outputs into a set of system-level functional requirements 
for the RaaS solution. These requirements were developed collaboratively with prospective BESS integrators, 
inverter manufacturers, control system vendors and protection specialists to ensure that the required operational 
outcomes could be achieved using commercially available technologies.  

The resulting requirements defined how the Battery Energy Storage System (BESS), Energy Management System 
(EMS), grid-forming inverters and RaaS Controller would operate during normal operation, islanded operation 
and network restoration scenarios. 

A dedicated RaaS interface architecture was developed around the 11 kV network connection arrangements. This 
included the provision of a dedicated 11 kV circuit breaker and associated protection, control and monitoring 
systems to provide a clearly defined operational boundary between the RaaS BESS installation and the wider 
distribution network. The dedicated interface allowed the resilience zone to be separated from the main network 
during island operation while maintaining controlled reconnection following restoration of the upstream supply.  

The Detailed Design phase refined the information exchange between the RaaS Controller, EMS, BESS control 
systems and DNO operational systems. This ensured that the DNO retained visibility of asset status, network 
conditions, switching positions and alarms, whilst enabling automated operation of the resilience scheme 
following a network fault. The resulting architecture established clear responsibilities between the DNO-owned 
network assets and the RaaS equipment supplied by the project partners. 

The RaaS project demonstrated that extensive engagement with suppliers during Detailed Design was necessary 
to refine modelling assumptions, understand equipment limitations and develop confidence in the real-world 
performance of emerging grid-forming technologies. Functional requirements were then validated during Factory 
and Site acceptance testing. 

Figure 14: Network model used for protection study. 
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Installed BESS Components 

The Drynoch RaaS BESS is based on a conventional utility-scale BESS arrangement. 

Battery container: The battery container includes the battery racks and modules, Battery Management System 
(BMS), HVAC, fire detection and fire suppression systems. 
 

PCS container: The Power Conversion System (PCS) container includes the inverters, LV filters, DC distribution, 
fire detection, HVAC, and associated DC and AC protection systems. 
 

Auxiliary and external systems: The auxiliary container includes the auxiliary transformer, BESS PLC, EMS, UPS and 
other supporting systems. External equipment includes the BESS transformer, dry air cooler and HVAC plant. 
RaaS-specific functionality: The main differences from a standard BESS are PCS size, grid-forming and black-start 
capability, and dedicated communications and control links to the DNO Substation. 

Batteries: The Drynoch RaaS BESS uses a Lithium Nickel Manganese Cobalt Oxide (NMC) battery system, as NMC 
was a mature utility-scale technology with high energy density and an established supplier base at the 
procurement stage. The NMC battery container was not fully factory assembled and required on-site installation 
of battery modules, interconnection and commissioning. 

RaaS PCS: The RaaS scheme relied on a Power Conversion System (PCS) capable of both grid-following and grid-
forming operation, which was not a standard requirement for utility-scale BESS projects at the time of 
procurement. At Drynoch, the inverter rating was determined by the network FEED studies and was based on the 
most onerous credible operating scenarios. The selected rating therefore had to meet continuous loading 
requirements while also providing sufficient overload capability, dynamic response and fault performance during 
black-start and fault conditions. 

Figure 15: DNO RaaS Controller with BESS Physical Architecture 



 Resilience as a Service (RaaS) Close Down Report 

30 

 

 

Factory Acceptance Testing (FAT) 

Factory Acceptance Testing (FAT) verified system functionality using a representative hardware configuration as 
full factory assembly of the complete BESS was not practicable. Testing therefore focused on validating the 
control architecture, communications, state-machine operation, grid-following and grid-forming inverter 
functions, islanding transitions, black-start capability, and key protection and control responses before site 
deployment. 

The tests confirmed the control systems and operational mode transitions. Islanded operation, black-start 
performance, autonomous voltage and frequency control, and both grid-following and grid-forming inverter 
modes were successfully demonstrated. 

The results confirmed that the critical functionality was sufficiently mature to progress to site commissioning. 

 

Site Acceptance Testing (SAT) 

SAT demonstrated that the BESS could successfully transition between grid-connected and islanded operation, 
provide autonomous voltage and frequency control, support black start and network restoration activities, and 
interface effectively with DNO protection and control systems. The testing programme validated the key technical 
requirements of the RaaS scheme and confirmed the capability of inverter-based energy storage to provide 
resilience services on a distribution network. 

 

Operation and Trial Period 

The RaaS trial highlighted the operational challenges associated with deploying one-off resilience assets in 
remote locations.  

Following completion of commissioning, several defects and optimisation activities were addressed to improve 
system reliability and operational readiness. These included replacement of the fire suppression nitrogen cylinder 
arrangement with support from a specialist contractor based in Aberdeen, resolution of the single-phase fault 
response issue through on-site engineering support from both the inverter manufacturer and BESS supplier, 
rectification of a fault affecting the battery container HVAC system, and site attendance to reset a UPS deep-
discharge circuit breaker following a prolonged BESS outage. In each case, the required expertise was provided 
either directly by the original equipment manufacturers or by their UK-based service agents. Delivery of these 
corrective actions required coordination between multiple parties, typically involving the DNO, system integrator 
and equipment manufacturer and, in some cases, additional specialist contractors. Many of these organisations 
were not based locally to the Drynoch trial site, highlighting the logistical challenges associated with maintenance 
and fault-finding in remote locations. 

 

Figure 16: BESS components at Drynoch primary 
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The project established and validated key technical performance requirements for the integrated resilience 
solution. These included maintaining grid-forming operation with system frequency between 49.7 Hz and 50.3 Hz 
and voltage within ±3% at the point of common coupling (PCC) during islanded operation. Commissioning activities 
provided evidence that the control systems and inverter-based network support functions could achieve the 
required operational performance under a range of operating conditions. The programme also demonstrated the 
value of progressive testing and validation in addressing technical uncertainties associated with emerging grid-
forming technologies. The resulting evidence showed that inverter-based resilience solutions can operate 
effectively within a distribution network environment, while recognising that future deployments may require 
adaptation to accommodate site-specific network characteristics and operational requirements. 

 

Confirm that storage technology providing resilience is capable of achieving the expected revenue 
streams to minimise the cost of the resilience service 
 

A key objective of the RaaS project was to demonstrate how participation in additional electricity markets could 
improve the economics of resilience services and reduce the level of resilience payments required from the DNO. 
By participating in compatible secondary revenue streams, network operators can lower the overall cost to 
provide resilience, improve investor confidence and increase the attractiveness of resilience procurements to 
commercial providers. 

To support this objective, the project designed and installed control systems capable of operating within a range 
of ancillary service markets. However, an export connection, which was essential to enable live market 
participation, could not be secured within the project timescale. As a result, the project adopted a modelling 
approach to estimate potential revenues based on the installed system specification and expected market 
performance. 

Initial revenue modelling was undertaken in 2022 as part of PD3, before the Drynoch location and final technical 
specification had been confirmed. The analysis was subsequently repeated in 2026 as part of PD7 using the 
installed Drynoch system configuration. 

 

In both studies, reserved battery capacity was modelled across a range of markets, including: 

 Wholesale markets (Day-Ahead, Intraday and Balancing Mechanism); 

 Frequency response services (Dynamic Containment); 

 Capacity Market participation. 

 

The 2026 analysis was based on the following assumptions: 

 2025 wholesale market pricing forecast’s 

 90% round-trip battery efficiency; 

 1 MW import/export capacity; 

 Two operational scenarios;  

 One hour of battery capacity reserved for RaaS; 

 No additional reserved capacity. 

Modelled Revenue Performance 
 

The table below summarises the modelled annual revenues for the two operational scenarios. This analysis 
enabled the project to assess the impact of reserving capacity for resilience purposes compared with making the 
full battery capacity available for market participation. 
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Table 3: Modelled annual revenues across two RaaS Scenarios 

 

*Unit cost of charging includes energy cost, Renewable Energy Guarantee of Origin (REGOs) and Climate Change 
Levy (CCL)  

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

 

Key Findings 

The modelling demonstrated several important findings: 

 Revenue is maximised under the "No Reserve" scenario, where all battery capacity is available for market 
participation. This aligns with the more flexible "take-what-is-available" operating approach described in 
PD5; 

 Reserving battery capacity for resilience purposes reduces the amount of energy available to access wider 
electricity market revenues; 

 When fixed electricity supply costs, particularly capacity charges and standing charges, are included, they 
have a significant impact on project economics and can substantially reduce net revenues; 

 Under the 1-hour reserve scenario, the system could generate approximately £96,000 per annum from 
participation in electricity markets; 

 Allowing full utilisation of the battery for market participation increases annual revenues to approximately 
£121,000, representing an increase of around 26% compared with the 1-hour reserve scenario. 

 

Comparison with Earlier Analysis 

Both modelling exercises confirmed that a battery storage asset providing resilience services can generate 
additional value through participation in wider electricity markets. However, the analysis also highlighted the 
limitations of these revenues in supporting the overall cost of delivering resilience services. 

The original 2022 assessment 2 examined the economics of the larger resilience requirement specified at that 
time, which required a four-hour service duration and high levels of availability. The modelling indicated that a 
4.2 MW / 4.2 MWh BESS could generate approximately £45,000 to more than £125,000 per year from non-
resilience market opportunities. Increasing storage capacity to 4.2 MW / 5.8 MWh improved the revenue 
opportunity further to approximately £130,000 to more than £160,000 per year. 

By comparison, the resilience service payment required by the provider was estimated at approximately 
£450,000 per year under a 10-year contract, increasing to around £740,000 per year under a 5-year contract. 

The updated 2026 analysis demonstrates that, although additional market revenues remain available, the 
revenue potential of the installed Drynoch system is lower due to its smaller size and operational constraints. 
Furthermore, the revised resilience service provider fees discussed earlier in this report reinforce the ongoing 
commercial challenge associated with delivering the service. 

 
2 Information on the economics of the resilience requirements was defined on pages 5 and 6 in PD3-Business Model. 

Scenario  Battery Modelled / 
Market 

1-Hour of Reserve 
 

No Reserve 
 

Revenue Less Unit 
Cost of Charging* 

Wholesale (inc BM)  £64,708  £84,087  

Frequency  £20,614  £20,614  

Capacity Market  £10,770  £16,155  

TOTAL   £96,092  £120,856  

https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-PD3-Overview.pdf
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The modelling undertaken throughout the project demonstrates that revenue stacking can make a meaningful 
contribution to the economics of resilience services. However, the scale of revenues available from current 
electricity markets remains significantly lower than the cost of providing resilience services. 

Consequently, while participation in wholesale, frequency response and capacity markets can help reduce the 
level of resilience payments required from a DNO, revenue stacking alone is insufficient to bridge the commercial 
gap for the original RaaS service specification. Future deployments are therefore likely to require a combination 
of additional value streams, revised service requirements or alternative commercial arrangements. 

 

Potential opportunities include: 

 Participation in emerging DNO flexibility products and services; 

 Greater flexibility in resilience service requirements through "take-what-is-available" operating models; 

 Increased import and export capacity to maximise access to wider market opportunities; 

 Further reductions in BESS capital and operating costs. 

 

Develop supply chain models for the provision of resilience, and understand how the service can be 
procured in the most cost-effective way  
 

The project developed a supply chain commercial framework (PD5), which was refined after consultation with the 
industry in spring 2024. Industry consultees were those that had already engaged with the project directly or had 
participated in industry events around storage and resilience.  

The core principles of the commercial framework and supply chain model include: 

 Opening the market to potential providers with a fair, transparent and technology-neutral approach; 

 Developing the market to ensure participants understand the novel requirements of RaaS with impartial 
support from the DNO to develop proposals; 

 Straightforward tendering processes and terminology aligned with Open Networks;  

 Encouraging innovation by avoiding restrictive requirements. 

 
RaaS can be provided by any asset or group of assets that can meet the technical requirements of RaaS. This 
could include single asset owners (as in the RaaS demonstration) or aggregators and could include suitable 
behind-the-meter assets.  

The main elements of RaaS service requirements include: 

 The location where RaaS is required; 

 Service periods: When RaaS is expected to be available; 

 Service windows: when the provider would be expected to maintain capability to fully provide RaaS in 
response to an unpredictable fault; 

 Power and energy capacity in MW and MWh;  

 Any optional deviations. 

 

These elements would be set out in a tender for RaaS, managed using a conventional tendering processes and 
established platforms, involving prior notification, pre-qualification, bidding, assessment by the DNO and award. 
Due to the potential diversity of assets and technical/commercial RaaS offers that might be received, DNOs must 
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develop a methodology to compare bids. For instance, the DNO may receive different combinations of 
technology, MW/MWh capacity, or combinations of availability and utilisation costs.  The flexibility of this 
approach may encourage the re-purposing of existing assets to provide lower costs than the development of 
purpose-built assets.    

Stakeholder feedback indicated that aligning the commercial arrangements with the Open Networks Standard 
Agreement for Flexibility Services3 reduces complexity for bidders. 

 
Key remaining challenges in the commercialisation and scale-up of RaaS include: 

 Locational factors: Remote locations are highest priorities for DNOs, but bring with them more complex 
logistics and higher delivery costs, as well as potentially higher maintenance and repair costs; 

 Flexibility market trends: Reducing value of other flexibility services mean that the value from RaaS to 
stimulate industry to provide new/upgraded storage assets in remote areas is likely to be increasing; 

 Energy storage industry trends: Industry focus on larger battery parks connected at higher voltage levels 
may reduce appetite to invest in the type of smaller assets needed to provide RaaS; 

 Additional RaaS requirements: The technical requirements of RaaS, including non-standard EMS 
functionality, larger inverters and reservation of energy capacity for RaaS can add cost to a solution to 
provide RaaS; 

 Ensuring safety: More effort to commission systems due to the need to ensure safe operation of earthing 
and protection in all modes. 

 

These topics were discussed with stakeholders in the 2024 engagement, and key feedback included: 

 Ensuring clarity from the DNO about service requirements, and aligning them with other services; 

 A preference for revenue certainty via fixed availability payments, rather than more variable utilisation 
payments; 

 DNO support across many aspects of tendering and project development, including publishing a list of 
potential RaaS locations to assist developers planning DER;  

 Identification of asset locations and planning consent for a given area; 

 Support with new grid connections; 

 Bundling of RaaS with other DNO services, such as constraint management; 

 Support with technical modelling to validate solutions; 

 A strong preference for tendering in geographic lots to obtain construction and operational economies; 

 Commercial flexibility, with two potential models raised: 

o Defined reservation of a given MWh capacity available for RaaS at agreed times; 

 “Take what’s available” where no capacity is reserved and RaaS is provided on a “best endeavours” basis 
when a fault occurs; 

 

The commercial framework development for RaaS was found to be impacted by many wider industry and 
government activities and initiatives. These were either found to impact the deliverability of RaaS (e.g. grid 
connections), or the revenue available to RSP (particularly the impacts of other revenue streams that can be 
stacked with RaaS). These included: 

 

 
3 https://www.energynetworks.org/publications/standard-agreement-for-flexibility-services-ver-3.0  

https://www.energynetworks.org/publications/standard-agreement-for-flexibility-services-ver-3.0
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 NG-ESO / NESO projects on connection reforms to accelerate the provision of connections for strategic 
projects 

 ENA activities for accelerating distribution connections;  

 Other relevant innovation projects, such as ESO’s Distributed ReStart and NPg’s MultiResilience;  

 The development of mechanisms to promote resilience in RIIO-ED3 period; 

 Work on Wholesale Market Reform and locational charges; 

 The development of Local Area Energy Planning (LAEP) by local authorities and Regional Energy Strategic 
Plans by NESO; 

 Wider UK and Scottish Government policies on energy strategy, local energy, national infrastructure and 
electricity industry standards. 

 

The project generated valuable learning on the practical trade-offs involved in designing and procuring resilience 
services. Commercial and technical assessments indicated that resilience requirements are highly site-specific and 
may benefit from flexible service specifications that evolve over time rather than relying on a single prescriptive 
model. The work highlighted the importance of adopting a proportionate approach to service definition, 
recognising that resilience value, technical requirements, asset capabilities, market conditions and local network 
characteristics will vary between locations. The findings informed the development of future procurement and 
service design approaches, demonstrating that resilience services can be structured in different ways to 
accommodate varying levels of capacity reservation, availability requirements and commercial arrangements 
while remaining aligned with network resilience objectives. 

 

Disseminate Project results within the industry 

 

The project has carried out extensive industry engagement and dissemination as part of project delivery. This 
included both planned works to reflect progress and industry input required for the project in addition to ad-hoc 
dissemination based on enquiries to the Project team and event attendance. Planned dissemination and 
awareness-raising included: 

 Work Package 6, which carried out structured interviews with industry supply chain, peers and potential 
RaaS investors to share knowledge from Phase 1 and identify the factors affecting industry interest in the 
provision of RaaS4;  

 The Stage Gate Review process (PD4) where Phase 1 learnings were disseminated via Microsoft Teams 
webinars, and industry views were sought to inform the Project Steering Board about whether to continue 
into Phase 25; 

 During the development of PD5, the project team carried out 10 interviews with organisations that could 
participate in RaaS provision 6;  

 As part of Work Package 8, the project team presented findings at the ENA Energy Innovation Summit in 
2020 (virtual conference due to the Covid-19 pandemic), 20237 and 20258; 

Other dissemination included many calls and industry events, and a stakeholder engagement register was created 
and maintained to record them. This included: 

 
4 https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-WP6-Risk-Evaluation-for-RaaS-Roles-and-
Procurement-Strategies-C6.2.pdf  
5 https://ssen-innovation.co.uk/wp-content/uploads/2021/11/RaaS-Stage-Gate-Stakeholder-Engagement-Overview.pdf  
6 https://ssen-innovation.co.uk/wp-content/uploads/2025/11/RaaS-PD5-Overview.pdf  
7 https://ssen-innovation.co.uk/wp-content/uploads/2024/01/RaaS-Energy-Innovation-Summit-Nov-2023.pdf  
8 https://ssen-innovation.co.uk/wp-content/uploads/2026/09/RaaS-Energy-Innovation-Summit-Nov-2025.pdf  

https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-WP6-Risk-Evaluation-for-RaaS-Roles-and-Procurement-Strategies-C6.2.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-WP6-Risk-Evaluation-for-RaaS-Roles-and-Procurement-Strategies-C6.2.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/11/RaaS-Stage-Gate-Stakeholder-Engagement-Overview.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2025/11/RaaS-PD5-Overview.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2024/01/RaaS-Energy-Innovation-Summit-Nov-2023.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2026/09/RaaS-Energy-Innovation-Summit-Nov-2025.pdf
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 Presentations and participation at industry events, such as Utility Week Live 2022, Regen Electricity 
Storage Conference (2024); 

 Hosting Japanese visitors from the Mitsubishi Research Institute who were building understand of 
Europe’s leading microgrid projects; 

 Engagement with related innovation activities, including ESO’s Distributed Restart and NPg’s 
MultiResilience projects. 

 
Evidence of engagement effectiveness included four Stage Gate events attended by 34, 30, 26 and 21 participants 
respectively, together with a community survey that received 110 responses. Survey results indicated strong 
support for the project objectives, with 81% supporting progression of the trial. These activities helped 
demonstrate stakeholder acceptance of the resilience service concept and provided valuable feedback to inform 
project development. The project therefore established a broad evidence base to support future consideration 
and adoption of resilience service approaches by network operators and other industry stakeholders, while 
recognising that final conclusions should continue to be aligned with the completed public records and published 
project outputs. 



 Resilience as a Service (RaaS) Close Down Report 

37 

Project Deliverables 
 
The legacy of the project includes the RaaS project website (https://ssen-innovation.co.uk/raas/), which provides 
a repository of knowledge that will be available for future reference well after the project has finished.  SSEN 
Distribution’s Future Networks team maintain this repository and will support stakeholders with enquiries after 
close-down.  

The below RaaS Project Deliverables provide the key technical, commercial, operational and stakeholder evidence 
required to design, test, evaluate, and prepare the Resilience as a Service model for future business-as-usual 
implementation and wider industry adoption. 

**Links to the published documents under ‘Evidence’ can be found in the Appendix 3 - Key Project learning 
documents 

 

Project Deliverable Status Evidence** 

 
Project Deliverable 1 
Site Selection and Front-End 
Design Report 
 

 
Complete 

 
Work Package 2  
– Site Selection (E2a.1)  
– FEED (E2a.2)  
 
Work Package 3  
– RaaS Sites Review and Technical Modelling Requirements  
 

 
Project Deliverable 2 
Detailed Design 

 
Complete 

 
Work package 3  
– RaaS Sites Review and Technical Modelling Requirements  
– Network Model Development and Validation for RaaS 
Feasibility Studies  
– Protection Coordination Studies  
– DNO Controller Requirements Specification  
– DNO Controller Detailed Design Specification  
– Detailed Design for RaaS BESS & EMS (E3a.4)  
 

https://ssen-innovation.co.uk/raas/
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Project Deliverable Status Evidence** 

 
Project Deliverable 3 
Business Model 

 
Complete 

 
Work Package 5  
– Modelling Methodology (E5.1) 
– DNO Business Case Review  
– Investor Risk Evaluation (E5.2)  
– Investor Business Case (E5.3)  
– Heads of Terms – Supporting Information (E5.4)  
 

 
Project Deliverable 4 
Stakeholder Engagement and 
Stage gate decision 

 
Complete 

 
RaaS Stage Gate Stakeholder Engagement – Overview  
 
Project Progress Report 2021 (the period in which the Stage 
Gate decision occurred) 
 

 
Project Deliverable 5 
Supply Chain Engagement - 
Commercial Framework 

 
Complete 

 
Work Package 5 
– DNO Business Case Review 
– Investor Risk Evaluation (E5.2) 
– Investor Business Case (E5.3) 
– Heads of Terms – Supporting Information (E5.4) 
 
Work Package 6 
– Risk Evaluation for RaaS Roles and Procurement Strategies 
(C6.2) 
 
Work Package 3 
– RFP Document (E3a.3) 
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Project Deliverable Status Evidence** 

 
Project Deliverable 6 
Network adaptation and 
Acceptance Testing 

 
Complete 

 
Work Package 3 
– Detailed Design for RaaS BESS & EMS (E3a.4) 
– DNO Controller Detailed Design Specification 
– DNO Controller Testing, Installation and Commissioning Plan 
– DNO Controller Summary Report 
– Protection Coordination Studies 
 

 
Project Deliverable 7 
Trial 1 - Demonstration at first 
Site Complete 

 
Complete 

 
Project Deliverable 7 
Trial 1 - Demonstration at first Site Complete 

 
Project Deliverable 8 
BAU Preparation 

 
Complete 

 
Project Deliverable 8 - BAU Preparation 

 
Table 4: Overview of Project Deliverables  
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Required modifications to the planned approach during the course of the 
Project 

 

A modification was approved for Project Deliverable 8 (PD8) – BAU Preparation, while retaining its original 
objective of supporting the future Business-as-Usual (BAU) deployment of the Resilience as a Service (RaaS) 
concept. 

The original Project Deliverable 8 scope focused on: 

“Technical design to support a second demonstration site. 

Consultation with the potential RaaS market for that site.” 
 

Following project learning and changes in the wider industry landscape, the deliverable was revised to better 
reflect the most valuable output for future deployment. The updated scope includes: 

“Development of technical guidance to support the design and implementation of future RaaS schemes. 

Engagement with other DNOs and wider industry stakeholders to support the ongoing development and 
adoption of RaaS.” 

 

The change was driven by several factors, including: 

 Feedback from PD5 stakeholder engagement indicating a preference for bundling multiple resilience sites 
within future procurement exercises rather than progressing individual sites sequentially; 

 Significant market and regulatory developments since project inception, including the appointment of 
Elexon as Market Facilitator for flexibility services; 

 Connections Reform, which has introduced additional constraints for new battery energy storage 
connections. 

 
As a result, the project concluded that producing a practical blueprint for wider RaaS deployment would provide 
greater value than identifying a specific second demonstration site. The revised PD8 therefore focuses on 
capturing project learning and developing guidance on technical requirements, integration considerations, 
procurement approaches, and network protection requirements to support future implementation by SSEN 
Distribution and other DNOs. 

This change ensures that the project delivers enduring industry benefit by providing a scalable framework for the 
future rollout of local network resilience schemes based on the RaaS model. 
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Significant variance in expected costs 
 

Cost Category Project Budget Total Forecasted Spend Variance 
   (£) (%) 

Labour £1,489,316 £1,477,741 -£11,575 -1% 
Equipment £3,308,967 £3,335,790 £26,823 1% 
Contractors £5,262,815 £7,020,710 £1,757,895 33% 
Travel and Expenses £513,671 £13,738 -£499,933 -97% 
Decommissioning £356,338 £430,034 £73,696 21% 
Total £10,931,107 £12,278,012 £1,346,905 12% 

 
Table 5: Summary of Variation to Costs 

 
 As per Ofgem NIC Governance Version 3 and in line with the Project Direction dated 18 December 2019 

the Project Budget detailed above is nominal and has not been adjusted to consider inflation and/or 
interest. Please see Appendix 3 - Key Project learning documents 

 Up to 30 September 2026 the project spent £11,681,277.73. In addition, the project has outstanding 
commitments of £596,734.50. The total project forecasted spend is therefore £12,278,012.23 (as detailed 
in the Table 5). 

 Outstanding commitments primarily relate to final payments to project partners E.ON and Costain, 
alongside ongoing electricity supply and metering charges and decommissioning.  

 

Contractors 

 

 COVID Supply Chain Issues 
The final cost of the Battery Energy Storage System (BESS) project was significantly impacted by market 
conditions prevailing at the time of procurement and delivery. The BESS system was purchased during a 
period of considerable global supply chain disruption following the COVID-19 pandemic, when shortages 
of power electronics, energy storage systems, and other critical electronic components drove substantial 
price increases. In addition, civil engineering and construction costs rose significantly compared with the 
assumptions used during the original bid preparation.  

 Fuel Price Fluctuation 
The project was also affected by increased fuel prices and associated service costs, including 
transportation, installation activities, and the provision of temporary backup generation for customers 
during planned outages, resulting in higher diesel generator and fuel expenditure.  

 Cost of Materials 
Furthermore, the cost of key power system infrastructure, including switchgear, transformers, and cables, 
increased materially due to strong global demand and ongoing supply constraints, contributing to the 
overall project cost escalation. 

 

Travel and Expenses 

 
 Following COVID-19, the adoption of new ways of working and effective virtual collaboration tools 

reduced the need for travel and face-to-face meetings. This enabled project activities and stakeholder 
engagement to be delivered efficiently through online channels while maintaining project outcomes. 
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Decommissioning 

 
 Decommissioning costs are currently forecast to exceed the original project allowance, reflecting changes 

in market conditions and cost increases since the project was initiated. The project team is actively 
implementing measures to mitigate these additional costs and maximise value from the remaining budget. 
As the project progresses towards completion, we anticipate engaging with Ofgem at an appropriate stage 
to discuss the funding position and any support required for decommissioning activities. In the meantime, 
a proactive and prudent approach is being taken to manage expenditure while ensuring the project 
continues to deliver valuable outcomes, insights and consumer benefits. 
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Updated Business Case and lessons learnt for the Method 
 

In the early stages of the project, a Business Model was developed as part of Project Deliverable 3 (PD3), 
published in January 2022. The model established both the investor's Willingness to Accept (WTA) and the 
Distribution Network Operator's (DNO) Willingness to Pay (WTP), based on a theoretical 4-hour, 4.2 MWh Battery 
Energy Storage System (BESS) under the market conditions prevailing at that time. The RaaS fee for the Drynoch 
site has nearly doubled increasing the gap between the ‘Willingness to Accept’ and ‘Willingness to Pay’ values by 
a further £406,000 to £838,000. 

For context, the Willingness to Accept is defined as the potential for optimising revenue stacking from 
participation in other markets and what that may mean for the level of income a RaaS Service Provider may need 
to expect to offer a RaaS service; the factors that affects this fee is also known as the RaaS fee, this includes:  

 Capex 

 Operational & Maintenance Cost per annum 

 Electricity Supply charges 

 Flexibility Market Revenue 

The Willingness to Pay is defined as the price that would be cost effective for a DNO’s to pay for a service when 
considering either the reduction in Customer Interruptions (CIs) & Customer Minutes Lost (CMLs), or the reduced 
impact on customers with regard to the Value of Lost Load (VoLL) 

While the model captured the expected costs associated with delivering the technical solution, it could not have 
anticipated the significant impact that geopolitical events such as the invasion of Ukraine, from February 2022 
onwards would have on global supply chains and equipment costs. As a result, the actual cost of delivering the 
RaaS project was substantially higher than originally modelled. 

After assessing the availability of Batteries in the market, it was identified that the most suitable battery available 
slightly differs from the requirement presented in PD3. To assess this impact, an updated business case was 
developed in 2026 using the trial's actual design, development and operational cost data. The revised assessment 
was based on a 1-hour, 3.5 MWh BESS installation and focused on the resulting changes to the investor WTA 
value. 

The table below summarises the key differences between the assumptions used in PD3 and the actual project 
data, highlighting the factors that contributed to the increase in the investor WTA RaaS fee. 

 

Input  PD3  Actual  
Battery Size  4.2MW  3.5MW  

Export Capacity  4.2MW  1MW  

Capex  £3m  £4.1m  

Operation & Maintenance Costs pa  £30k  £218k  

Electricity Supply Charges  -  £115k  

Flexibility Market Revenue  £134k  £96k  
  
Table 6: Changes in Business case inputs from PD3 and actual WTA fee. 

 

Based on the actual data from the Drynoch trial site and assuming a 10-year contract term, the Year 1 WTA RaaS 
fee would increase to approximately £861,000, compared with the £455,000 estimated in PD3. The increase was 
primarily driven by higher operating and maintenance costs, which added approximately £192,000 per annum, 
and increased capital expenditure, which contributed a further £161,000 per annum. The remaining £53,000 
increase results from the combined effect of the other input changes. 
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Comparison with DNO Willingness to Pay 
 

The DNO WTP analysis presented in PD3 was developed by TNEI on behalf of SSEN. This work included extensive 
modelling across a number of network locations to determine a range of site-specific WTP values. 

For the Drynoch site, the WTP value was estimated at £23,000 per annum. However, the analysis demonstrated 
that significantly higher payments could be justified at other locations. For example, Kinloch Primary Substation 
on the Isle of Mull was estimated to support an annual payment of approximately £245,000 for a 4-hour RaaS 
service. 

Although a substantial gap remains between the investor WTA and DNO WTP values, the trial has identified 
several important lessons that could improve future project economics through reduced capital costs, lower 
operating expenditure and increased revenue opportunities, these are outlined below. 

 

Key Factors Affecting Willingness to Accept 
 

A number of factors contributed to the increase in the WTA value: 

 Capital expenditure: The COVID pandemic and geopolitical events leading up to the procurement period 
resulted in significant increases in BESS supply chain costs; 

 Operating costs: Fixed electricity charges, capacity charges and maintenance costs associated with a 
bespoke solution significantly increased annual operating expenditure; 

 Flexibility market revenues: Revenues available from some flexibility markets have fallen over the last five 
years; 

 System sizing constraints: BESS sizing included network protection requirements in addition to 
optimisation for RaaS delivery or flexibility market participation. 

 

Opportunities to Improve Future Business Cases 
 

The project also identified several opportunities to improve the commercial viability of future RaaS deployments: 

 Continued reductions in BESS technology costs, with global market prices having fallen significantly since 
project procurement; 

 Multi-site procurement and contracting strategies that could reduce design, installation and operational 
costs through economies of scale; 

 Simplification of the RaaS interface architecture by reducing the number of control system interfaces and 
support contracts; 

 Potential classification of RaaS installations as Non-Final Demand, or a similar category, which could 
reduce DUoS-related charges. Non-Final Demand refers to consumption that is not used for customers 
directly. Instead, it refers to consumption used for generation or storage. This makes it generally exempt 
from network charges like Distribution Use of Service (DUoS).  

 Optimisation of BESS sizing and export capacity to maximise flexibility market revenues. 

 

Additional options that may warrant further consideration include: 

 DNO ownership of BESS assets, which could alter the investment profile through longer depreciation 
periods and different return-on-investment expectations; 



 Resilience as a Service (RaaS) Close Down Report 

45 

 Longer contract durations, beyond the 5-year and 10-year periods assessed within the project, which 
could improve the overall business case. 

 

Impact of Market Developments 
 

Since the Drynoch system was procured, BESS technology costs have fallen considerably. The Drynoch project 
incurred a storage cost of approximately £1,168/kW, whereas current market pricing is typically estimated to be 
within the range of £400/kW to £700/kW. 

Using an average cost assumption of £550/kW, and holding all other inputs constant, the Drynoch Year 1 RaaS fee 
would reduce from £861,000 to approximately £539,000. 

In addition to lower capital costs, further opportunities exist to strengthen the business case. These are discussed 
below. 

 

Opportunities to Reduce Operating Costs 
 

Review and minimise fixed electricity supply charges, including Capacity Charges, DUoS and TNUoS costs where 
possible. Optimise system design to reduce the number of interfaces, suppliers and associated support contracts. 
As the BESS system technology grows, the system becomes better integrated which in turn will aid in reducing 
the Operational Costs associated with running the BESS. The connection process evaluated when installing future 
systems as currently the connection charges exceed the cost associated with operation. 

 

Opportunities to Increase Revenue 
 

Continue to evaluate all potential flexibility and ancillary service revenue streams available to the BESS, thereby 
reducing exposure to fluctuations in individual market values. 

Review the DNO specification for RaaS service requirements. A more flexible "take what's available" approach 
would provide providers with greater opportunities to participate in wider flexibility markets. 

Investigate opportunities to increase import and export capacity by reducing network constraints. This would 
enable the BESS to access a broader range of revenue opportunities. A minimum export capacity of 1 MW is 
typically required for participation in most flexibility services. 

For example, if the Drynoch installation were able to secure a 2 MW export capacity, the estimated RaaS fee 
would reduce from £861,000 to approximately £781,000. 

Combining both the reduced capital cost assumption and the increased export capacity would further reduce the 
RaaS fee to approximately £459,000. While this remains significantly higher than the Drynoch WTP value 
estimated by the DNO, there may be additional strategic benefits that support investment decisions, including 
reputational value, improved community resilience and wider social outcomes. 

 

Future Market Environment 
 

The project observed a decrease in BESS costs between when the system was procured to the prevailing market 
conditions today.  The projects expectation is, this downward trend will slow but continue with a real terms 5% 
drop in 5 years and a cumulative 7% in 10 years.  Overall, this has a limited reduction to the WTA RaaS fee to 
£518,000 from the current £539,000 view.   
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Note: These values are dependent on actual inflationary outturn and other project cost variables.  In addition to 
system installation costs.  

The DNO WTP fee was modelled using inputs from the Interruption Incentive Scheme (IIS) and the concept of 
Value of Lost Load (VoLL) outlined in the WP5 - DNO Business Case Review report.  The report highlights when 
looking at the value of the service in the long run, it might also be necessary to account for factors like increasing 
frequency and severity of extreme weather events associated with climate change or degradation of network 
infrastructure, both of which might lead to greater numbers of and/or durations of interruption. 

Network consumer commercial benefits remain limited and dependent on the specific needs of the service 
location. As outlined, some locations can support significantly higher WTA fees than others.  
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Lessons learnt for future innovation projects 
 

RAAS was delivered during a period of change, with challenges emerging both within the industry and across the 
global landscape. The key challenges encountered during the project are summarised below to help inform and 
strengthen future innovation initiatives.  

This section begins by general lessons learnt over the project, covering agile project management and community 
engagement, it later presents more Raas related learning learnt over the progression of the project. 

 

General Lessons learned over the project 
 

The project delivered valuable insights to support future network resilience initiatives. Early and ongoing 
engagement with communities, regulators, network operators and industry stakeholders improved solution 
design, built support and helped address barriers before they impacted delivery. Independent challenge and peer 
review strengthened outcomes by validating assumptions and increasing confidence in the findings. 

The project reinforced that successful innovation depends not only on technology, but also on commercial, 
regulatory and operational readiness. Resilience services are likely to provide the greatest value when integrated 
into wider flexibility markets. 

Strong governance, agile project management and effective oversight helped maintain momentum, manage risks 
and support timely decision-making. Early and comprehensive data collection was critical for evidencing benefits 
and informing future rollout decisions. 

Community engagement demonstrated strong support for resilience improvements and low-carbon solutions 
when benefits were clearly communicated. While immediate commercial deployment remains challenging, the 
project showed that innovation trials deliver significant value by generating evidence, practical experience and 
learning that can shape future industry adoption. 

 

Procurement  
 

Supplier engagement, market surveys, technical modelling, and bespoke contract development.  

Procurement activities for first-of-a-kind and innovative projects required significantly more time and resource 
than initially anticipated due to the need for additional supplier engagement, market surveys, technical 
modelling, and bespoke contract development. Early supplier engagement proved valuable in improving 
understanding of equipment capabilities, costs, and delivery constraints, helping to reduce downstream risks. 
However, rapidly evolving technologies highlighted the need to carefully balance early procurement decisions 
against the risk of obsolescence. Close collaboration with Supply Chain teams, including regular review meetings 
and framework agreement assessments, will prove essential in maintaining market awareness and supplier 
capability. 

Global supply chain disruptions and wider geopolitical and economic factors  

 The project faced a range of geopolitical and economic factors that had a material impact on lead times, costs, 
and programme risks. Future projects will benefit from reinforcing the importance of proactive risk identification, 
mitigation planning, and ongoing supplier relationship management throughout the project lifecycle 
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RaaS Specific Lessons Learnt  
 

Integration of DNO and third-party assets requires significant coordination and should not be underestimated 

Throughout the project, it became evident that integrating DNO assets with those owned and operated by third 
parties is more complex than initially anticipated. Successful delivery required considerable effort to define 
technical interfaces, establish operational responsibilities, agree communication protocols, and develop 
appropriate control and protection arrangements. Future projects of a similar nature would benefit from early 
engagement between all stakeholders to ensure these requirements are identified and agreed at the outset.  
 

Effective collaboration between specialist disciplines is critical to project success  

The project demonstrated the value of close working relationships between network engineers, energy storage 
specialists, and control system experts. Bringing together knowledge from these different disciplines improved 
the quality of decision-making and enabled complex technical integration challenges to be resolved more 
efficiently. This collaborative approach was a key enabler in delivering the project objectives and should be 
considered essential for future energy system innovation projects.  

 

Innovation projects must retain flexibility to adapt to changing circumstances  

During project delivery, a range of technical, regulatory, commercial and supply chain challenges emerged that 
were not fully foreseeable during the initial planning stages. As a result, the project required adjustments to its 
scope, programme and delivery strategy. A key lesson learned is that innovation projects should be governed and 
managed with sufficient flexibility to respond to evolving circumstances while maintaining focus on their 
intended outcomes.  

 

Commercial models for resilience services must evolve alongside technology and market developments 

The project highlighted how the business case for energy storage-based resilience solutions is influenced by 
factors beyond the technical solution itself. Falling storage technology costs, changes in regulatory policy, and the 
development of new market opportunities, particularly within future Distribution System Operator (DNO) 
flexibility markets, will shape how resilience services are procured and delivered. Future projects should 
therefore consider both current and anticipated market conditions when assessing long-term viability.  

 

The value delivered by RaaS can be highly dependent on network conditions and interruption frequency  

During the project period, the number of network interruptions experienced on the trial network was lower than 
expected, based on the historic values over the last few years. As a result, the measurable benefit associated with 
avoided customer interruptions was reduced, impacting the overall cost-benefit assessment of the RaaS solution. 
This demonstrates that while the technical capability can be successfully deployed, the realised economic value is 
closely linked to local network characteristics and the occurrence of outage events over the assessment period. 

 

There remains a gap between DNO value and investor expectations, therefore revenue stacking is fundamental 
to the business case 

Current market conditions mean the value placed on resilience by network operators does not always align with 
investor return requirements. Emphasizing the need for revenue stacking from other market opportunities such 
as flexibility service. Accessing multiple market revenue streams reduces resilience costs and improves the 
economic viability of battery-based solutions. An export connection is an essential enabler to access these 
services; a key lesson is to understand the timeframe which an export connection can be granted. 

 



 Resilience as a Service (RaaS) Close Down Report 

49 

Forecasting RaaS demand creates significant value coupled with dynamic capacity reservation is superior to 
static resilience requirements 

Better forecasting of faults, demand and market opportunities improves operational optimisation and 
commercial performance. The more a BESS system can operate in flexibility markets the great revenue 
opportunity. Dynamic capacity reservation allows battery availability requirements to vary over time increasing 
utilisation of the system in flexibility markets, helping reduce overall RaaS service costs. 

 

Grid connection constraints are a major barrier to RaaS deployment 

Connection queues and network capacity limitations can restrict deployment even when a technical solution is 
proven. Some form of prioritisation for RaaS service connections and incentive mechanism for providing the 
service could aid deployment of solutions and support participation in flexibility markets. 

 

BESS Control System Architecture: 
Many of the EMS intended functions were ultimately provided by the RaaS Controller due to the regulatory 
requirements associated with network operation. Future projects should assess whether supervisory control 
functions can be more effectively distributed between the DNO controller and BESS PLC, reducing the need for a 
separate EMS and simplifying system integration. 

 
BESS FAT 
FAT limitations of bespoke BESS designs: A fully integrated FAT was not offered by the supplier and was not 
commercially viable due to the requirement to assemble, test, disassemble and transport the complete system. 
Consequently, final system integration was deferred to site commissioning. Future BESS solutions based on 
standardised energy modules may enable more comprehensive factory testing, reduce commissioning risk and 
improve confidence in operational performance prior to deployment. 

 
BESS SAT 
During site commissioning, resonance was observed during a Substation busbar single-phase fault test when the 
inverter transitioned from its initial short-circuit current response to the programmed reactive fault-current 
support mode. Further investigation determined that the behaviour was associated with the interaction between 
the inverter control system, fault-current transition logic and output filters. Modifications to the control settings, 
including reducing the trigger level for the initial short-circuit current response, reduced the peak resonant 
behaviour and allowed the required fault response to be demonstrated. The learning highlighted the importance 
of integrated Site Acceptance Testing for grid-forming inverter technologies, particularly where dynamic fault 
response, protection operation and network interactions must be validated using the final site configuration. 

 

BESS Battery-PCS System  

The project showed that PCS requirements for RaaS duty are materially different from a standard utility-scale 
BESS. The RaaS requirements had to be developed from the network studies rather than assumed from a 
conventional BESS specification. 
The battery energy requirement could be separated from the site-specific PCS, protection and control 
requirements. This distinction is important because the battery container can be more modular and repeatable, 
while the PCS and control interfaces remain closely linked to the local network resilience duty. 
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BESS Operation and Maintenance 
A key operational learning from the RaaS project is that long-term maintainability should be considered alongside 
technical performance during solution development. The demonstration scheme required a high degree of 
bespoke integration across battery, inverter, control, communication and protection systems. Future deployment 
at scale would benefit from adoption of standardised platform architectures supported by UK-based service 
organisations capable of providing remote diagnostics, field support and strategic spare parts holdings. Similar 
support models are already common within the utility-scale BESS, critical power and Combine Heat and Power 
(CHP) sectors, where there are established UK service providers. 

Standardised platform architectures for BESS would also help to avoid a number of operational issues 
experienced during the RaaS trial period. Complex integration of BESS and its auxiliary systems caused numerous 
reliability issues post-SAT, restricting full deployment and test of the RaaS system. The BESS operation issues have 
been subsequently resolved providing valuable lessons for future energy storage deployment to provide 
resilience and other potential services for distribution network and its customers.  

 

Future resilience markets will involve a broader ecosystem of participants which is expected to include 
aggregators, DER owners, investors, flexibility providers and communities alongside DNOs  

The RaaS Project involved the construction of a newly built asset and in operational phase, the RaaS battery 
would have been solely responsible for maintaining supply until it was exhausted.  Whilst this central, specialised 
asset may remain a requirement for providing a localised black-start capability, as well as grid-forming and local 
stability/energy balancing during a RaaS event, in most locations there are an increasing number of other DER 
that could be orchestrated to provide energy and power, which may reduce the overall cost or increase the 
endurance of a given level of RaaS.  

The optimisation of the BESS during the FEED phase with reduced capacity, covering a smaller number of 
resilience scenarios therefore emphasises the importance of maximising the value of other DER in the RaaS area.  
Potential other participants in Raas could therefore include: 

 Commercial organisations with backup generators that are programmed to start in a power cut, but would 
not otherwise start during a RaaS event, as they would not detect the transition from grid-connected to 
islanded operation;  

 Demand aggregators and energy suppliers may be able to use to reduce demand from EV charging, or 
activate V2G services; this may significantly increase the pool of available stored energy, and the 
endurance of a RaaS scheme during a fault; 

 The same organisations could potentially help moderate demand from heat pumps;  

 Community organisations may wish to either be directly involved in RaaS provision, or, given the 
specialisms required to implement RaaS today, upgrade community-owned DER with storage that could 
have a role in maintaining supply during a RaaS event.  

In all cases, a critical requirement is an industry-standard way of securely and reliable communicating faults with 
precise geolocation and low latency to local customers, organisations and other relevant market participants. 

 

RaaS has wider applicability than the original trial use case. The concept could potentially be deployed across 
different network types, voltage levels and infrastructure sectors 

The RaaS project and demonstration were focused on a use-case of a failure upstream of a Primary Substation (33 
kV to 11 kV in the case of Drynoch). However, electricity networks are both under growing pressure from outages 
at a time when the UK is becoming much more dependent on electricity for heat, transport and the function of 
communications systems and networks. For instance, the UK National Risk Register sets out loss of electricity 
supply at a local or national level as a key risk. Individual organisations are expected to provide backup power 
supplies for their own facilities, but critical national infrastructure organisations will, in future, be delivering most 
to all operations with battery electric vehicles, meaning the power and energy requirement will increase. This, 
and the more general roll-out of DER and EV is likely to significantly increase the levels of reliance on electricity 
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supply continuity, but also the levels of storage and embedded generation. Rather than many organisations each 
taking their own local actions with backup generators, there may be a role for DNOs to use the learning from 
RaaS to consider how the technologies and potentially the commercial approach may be rolled out to create 
locally embedded resilience in all areas, rather than the RaaS project’s focus on remote and rural areas. A more 
joined up approach that avoids broader outages and is facilitated by DNOs may lead to economies from 
load/generation diversity as well as avoiding second order impacts e.g. staff struggling to attend work in a crisis 
scenario because there is nowhere to recharge their EV. 

Furthermore, building resilience at different voltage levels, for instance by facilitating larger BESS connected at 3 
kV or 132 kV to provide RaaS at a regional level, may also increase resilience of supply due to transmission-level 
problems / GB system disturbances that can currently lead to entire regions being disconnected to preserve 
system stability.  
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Project Replication 
 

This section states the required components and process that need to be in place to successfully replicate BESS 
system at Primary substation for aided network resilience. This section will allow other DNO’s to understand the 
physical components required and relevant technical knowledge to implement a RaaS system for a Primary 
substation similar to Drynoch.  
 

BESS and Auxiliary Systems  
 

For future RaaS schemes, FEED studies should define the minimum PCS specification before procurement, 
including continuous rating, overload capability, grid-forming and black-start functionality, fault current 
behaviour, voltage and frequency control, transformer energisation and compatibility with the protection 
philosophy. This is particularly important because inverter fault current is limited and controlled, which directly 
affects protection design, black-start studies and commissioning tests. Early definition of these requirements 
would allow the PCS to be selected for the specific network resilience duty, rather than relying on a standard 
BESS specification.  

BESS suppliers are moving towards modular, factory-built energy modules or battery containers that typically use 
lithium iron phosphate (LFP) batteries. This allows the required energy capacity to be delivered using repeatable 
LFP-based modules once the resilience requirement and usable battery capacity have been established. This 
separates the battery energy requirement from the site-specific PCS, protection and control requirements 
described above, reducing unnecessary bespoke design while keeping the electrical performance requirements 
properly defined. 
These modular systems are typically supplied with integrated battery racks, BMS, thermal management, fire 
detection and suppression, auxiliary supplies, monitoring, internal wiring and defined electrical and 
communications interfaces. Commercially available modular LFP platforms can reduce on-site assembly, improve 
quality control, simplify logistics and commissioning, and support repeatable maintenance and spares 
arrangements. 

 

Components Requirements 

Battery  Future RaaS schemes should utilise modular, factory-built battery 
energy modules or containers, typically based on Lithium Iron 
Phosphate (LFP) technology.  

 Once the resilience requirement and usable battery capacity are 
defined, the required energy storage can be delivered using 
repeatable LFP battery modules.  

 The use of modular LFP platforms can reduce on-site construction, 
improve quality control, simplify logistics and commissioning, and 
minimise bespoke design requirements. 

 

Auxiliary Components  Modular battery systems generally include integrated battery racks, a 
Battery Management System (BMS), thermal management, fire 
detection and suppression systems, and are designed to support 
standardised maintenance and spare parts strategies.  

 Integrated components improve factory quality assurance, reduce on-
site installation effort, and support more efficient commissioning and 
maintenance activities. 
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Components Requirements 

BESS EMS  Key requirements for Power Conversion System (PCS) should include:  

• Continuous power rating and overload capability 

• Grid-forming functionality 

• Black-start capability 

• Fault current characteristics 

• Voltage and frequency control performance 

• Transformer energisation capability 

• Compatibility with the network protection philosophy 

 As inverter-based systems provide limited and controlled fault current, 
these characteristics must be defined early as they directly influence 
protection design, black-start studies, and commissioning 
requirements. 

 
Table 7: The components and considerations needed for implementing a BESS System  

      

Functional Requirements 
 

The long-term objective should be to define a standardised performance-based specification, similar to 
conventional power system assets, a phased approach is likely to be required until greater operational experience 
is gained across multiple deployments. 

In the near term, future projects should continue to utilise supplier engagement to develop system performance 
models, particularly in areas such as grid-forming operation, fault response, dynamic protection interactions, 
transformer energisation and black-start capability. Successive schemes should seek to capture and standardise 
these requirements, reducing reliance on bespoke design activities and supplier-led functional development.  

As confidence in grid forming inverter models and operational performance increases through laboratory testing, 
commissioning activities, operational experience and the development of industry standards, the project delivery 
model should move towards a performance-specification approach. Under this model, FEED studies would define 
the required network performance outcomes and suppliers would demonstrate compliance against a mature set 
of technical requirements. 

The RaaS system should provide secure remote monitoring, diagnostics and support capabilities to enable fault 
investigation, software updates and performance assessment without routine site attendance. The system should 
incorporate automatic recovery and restart functionality such that, following transient faults or loss of auxiliary 
services, the plant automatically returns to its normal operating state once all protection, safety and equipment 
health checks have been successfully completed. Manual intervention shall only be required where a genuine 
equipment fault or safety-related condition exists. The intent is to maximise system availability whilst reducing 
operational response times and reliance on specialist site attendance. 
 

Component  Requirements 

BESS System Layout Requirements  To develop a standardised, performance-based specification 
for RaaS BESS installations, similar to the approach used for 
conventional power system assets. 
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Component  Requirements 

 Identify required network performance for BESS and 
demonstrate with supplier compliance against standardised 
technical requirements.  

 Successive RaaS projects should seek to capture lessons 
learned and progressively standardise technical 
requirements to reduce bespoke engineering effort 

Protection and Earthing  Future projects should continue to develop understanding 
of:  

• Fault response behaviour of grid-forming inverters 

• Dynamic interactions between inverter controls and 
protection systems 

• Protection performance during transformer 
energisation 

• Black-start operation and associated protection 
requirements 

 As performance specifications mature, protection and 
earthing requirements should become increasingly 
standardised and incorporated into network performance 
definitions. 

 Account for limited and controlled inverter fault current 
when designing protection systems. 

RaaS Operational Requirements  The RaaS system should include secure remote monitoring, 
diagnostics and support functions to enable:  

• Fault investigation 

• Performance assessment 

• Software and firmware updates 

• Reduced routine site attendance 

• Transient network disturbances 

• Temporary loss of auxiliary services 

• The system should provide automatic recovery and 
restart functionality, allowing the plant to return to 
normal operation following:  

 Automatic restart should only occur after all protection, 
safety and equipment health checks have been successfully 
completed.  

 Manual intervention should be required only where genuine 
equipment faults or safety-related conditions are detected. 

                           
Table 8: The requirements needed to implement the functional requirements of the RaaS System. 
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DNO RaaS Controller 
 

The DNO RaaS Controller provides the principal interface between the DNO Control Room and the third-party 
RaaS system (RaaS BESS and BESS EMS).  As the operational intelligence of the RaaS scheme, the DNO RaaS 
Controller ensures the safe, reliable, and seamless transition between grid-connected and islanded operation, 
maintaining customer supply during network interruptions whenever possible. It manages three operational 
states: 

 Normal operation without BESS support; 

 Normal operation with the BESS available and actively monitoring network conditions; 

 Islanded operation, where the BESS and local DER maintain customer supplies during a loss of grid 
connection. 

The controller governs five critical transition scenarios: planned islanding, unplanned islanding, black start 
restoration following a total outage, resynchronisation with the grid, and BESS commissioning. Throughout these 
transitions, it maintains system stability, applies the appropriate protection settings, and ensures safe and 
reliable network operation. The table below states the components required to successfully replicate a DNO Raas 
Controller at a Primary Substation. 

 

Components Requirements 

Architecture  For BaU applications of RaaS it is expected that the DNO RaaS 
Controller will be at the primary substation, 

 It must be ensured that suitable protection devices and comms 
interface within Primary substation exist for RaaS 
implementation. 

Control Algorithm  The transition processes include:  

1. Transition from Grid plus RaaS BESS mode to RaaS 
Islanded mode due to a grid supply failure (unplanned 
transition).  

2. Transition from Grid plus RaaS BESS mode to RaaS 
Islanded mode due to a planned grid supply 
disconnection (planned transition).  

3. Transition from RaaS Islanded mode to Grid plus RaaS 
BESS mode (resynchronising)  

4. Loss of grid with system blackout, followed by Black 
Start into RaaS Islanded mode  

5. Transition from Grid Only mode to Grid plus RaaS BESS 
mode.  

 The DNO RaaS Controller requires specific functionality during 
each of these modes of operation and transition processes, that 
together with the other actors provide the functionality of the 
overall RaaS system. 

 To provide network resilience and improve Security of Supply 
for customers, the RaaS system has three main operational 
modes and five transition processes. The operational modes 
comprise:  
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Components Requirements 

• Grid Only mode - normal grid operation with the RaaS 
BESS unavailable.  

• Grid plus RaaS BESS mode - normal grid operation with 
the RaaS BESS operating in parallel and monitoring to 
respond to a RaaS event  

• RaaS Islanded mode - islanded network operation with 
supply to customers provided by the RaaS BESS together 
with any available Local DER. 

Communication  The control and data information that must be passed between 
the DNO RaaS Controller, BESS EMS, BESS Control Centre, DNO 
SCADA, DNO Control Room and primary substation, via the 
substation RTU, which includes the direct links from the primary 
substation equipment (CTs, VTs, BESS transformer) to the DNO 
RaaS Controller. 

Network Monitoring  Provide monitoring of the third-party RaaS system performance 
and alerts the third-party BESS Control Centre where 
performance is outside of programmed thresholds and takes 
action to protect the DNO network and customer equipment 
where required. 

 Provide the DNO Control Room with operational status updates 
including mode of operation (e.g. Grid Only, Grid plus RaaS 
BESS, RaaS Islanded mode); alert status updates including island 
mode 11kV voltage and frequency threshold violations and any 
associated RaaS BESS circuit breaker status and trips; RaaS BESS 
readiness status updates;   status updates and an alert if the 
primary substation 11kV switchboard transitions to a black out 
condition. 

 
Table 9: Components required to implement a DNO Controller 
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Commercial Framework 
 

Components Requirements 

Business Case  Demonstrate that RaaS provides better value than traditional 
network reinforcement or mobile generation.  

 Quantify resilience benefits using CI, CML, IIS and VoLL metrics.  

 Select locations where resilience value is sufficiently high to 
justify the service cost. 

Willingness to Pay (WTP) 
 

 Establish the maximum annual payment the DNO is prepared to 
make for resilience services.  

 Undertake a site-specific assessment based on customer impact 
and outage risk. 

Willingness to Accept (WTA) 
 

 Determine the minimum annual revenue required to cover 
CAPEX, OPEX and target returns.  

 Ensure a viable commercial return for the asset owner 

Operational Expenditure (OPEX) 
 

 Minimise maintenance, asset management and electricity 
supply costs.  

 Maximise remote monitoring and standardisation to reduce 
ongoing expenditure. 

Capital Expenditure (CAPEX) 
 

 Deploy a grid-forming BESS with suitable controls, 
communications and network integration.  

 Use standardised designs and multi-site procurement to reduce 
project costs. 

Supply Chain and Procurement 
Framework  
 

 Use a technology-neutral, competitive procurement process.  

 Procure based on resilience outcomes rather than specific 
technologies.  

 Adopt a contractual model with:  

 Availability payments 

 Utilisation payments 

 Defined performance obligations 

Revenue Optimisation  Enable revenue stacking across:  

• Wholesale electricity markets 

• Ancillary services 

• Capacity Market 

• Flexibility services 

 Maximise import/export capability and market participation to 
reduce the net resilience cost. 

 
Table 10: Components required to implement the commercial framework for RaaS 
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Planned Implementation 
 

This section summarises the long-term implications and practical outcomes of the RaaS project, highlighting how 
the successful demonstration of resilience services using Battery Energy Storage Systems (BESS) and Distributed 
Energy Resources (DER) has enhanced understanding of resilient network operation. The lessons learned from the 
project have identified several key actions that could support future implementation of RaaS-based solutions and 
wider deployment of BESS technologies across distribution networks. 

At this point in time the business does not have a plan to directly implement the RaaS solution on a further site. 
Where resilience needs are identified, BESS-based solutions may be considered where they represent the most 
economic and efficient option when compared with traditional network reinforcement or other resilience 
interventions. Any future deployment could complement, rather than replace, existing and emerging flexibility 
services, utilising local flexibility markets and distributed resources where these can provide an equivalent or 
lower-cost solution. 

During the RaaS system testing, integration and operation, in addition to resilience service, a number of other 
possible use cases for inverter-controlled energy storage were tested and demonstrate how RaaS can be used to 
support distribution network operation. Novel synchronisation methodology and design for 11 kV switchboard 
was implemented and fully tested which can be used in the future installations requiring this functionality. Also, 
the project demonstrated how BESS technology can be used to provide voltage and reactive power support for 
distribution network under outage conditions which can reduce reliance on mobile diesel generation, improve 
restoration times and operability of the system.  

Accordingly, the current position is to continue reviewing resilience requirements, flexibility opportunities, and 
technology developments on an individual scheme basis. This approach allows DNOs to maintain optionality, 
ensure value for customers, and deploy RaaS capabilities only where a clear operational and economic benefit 
can be demonstrated. 
 

Successful demonstration of DNO RAAS Controller.  

   
The DNO RaaS Controller is the central control and coordination system that enables resilient operation of the 
network using a BESS and local DER. It supports three operating modes: normal grid operation without the BESS; 
normal operation with the BESS available and monitoring for network disturbances; and islanded operation 
where the BESS and local DER maintain customer supply during a loss of grid connection. 

The controller manages five key transition scenarios, including planned and unplanned islanding, black start 
restoration following a complete outage, resynchronisation with the grid, and commissioning of the BESS into 
service. During these transitions, the controller ensures network stability, maintains appropriate protection 
settings, and facilitates safe system operation. 

Its Primary functions are to: 

 Provide the interface between the DNO SCADA system, Control Room, and the RaaS BESS; 

 Continuously monitor the Primary Substation network and detect fault conditions; 

 Initiate and manage the appropriate RaaS operating mode when authorised; 

 Coordinate protection, control, and system configuration changes throughout all operating states. 

Overall, the DNO RaaS Controller acts as the operational intelligence of the RaaS scheme, ensuring a safe, 
reliable, and seamless transition between normal grid-connected operation and resilient islanded operation 
during network outages. 

For full detailed specification and supporting documents refer to Work Package 3 deliverables on the RaaS 
website.  
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In addition, the learnings and output from the RAAS project have informed the BESS deployment at Lerwick 
Power Station and the Shetland BESS scheme. 

 

Actions required for implementation 
 

The actions required to successfully implement the RaaS system based on key learnings identified in the project 
are expressed in the table below:  

 

Actions Required Explanation Action Owner 

DNO Ownership of 
BESS 

Review regulatory and commercial arrangements 
to enable DNO ownership and operation of BESS 
assets, comparable to standby generation assets, 
to enable efficient restoration and improved 
resilience for customer performance. 

Network Licensee and OFGEM 

Connection 
Charging Reform 

Assess whether connection charging 
arrangements can be changed to reduce the opex 
cost of BESS providing resilience services to 
DNOs. 

Both Network Licensee and Non-
Network licensee including OFGEM 
and NESO 

Technology Cost 
Reduction 

Review the future development of BESS 
technology and infrastructure to aid the overall 
cost improvement and the implementation of 
BESS to provide the RaaS service for DNOs. 

Non-Network licensee 

Additional Value 
from the DNO RaaS 
Controller 

Explore wider applications for the RaaS 
Controller, including network monitoring, 
compliance assessment and support for 
requirements such as G99/G5 and P28. 

Network Licensee 

Live Testing & 
Compliance 
Framework 

Leverage project learning to develop a 
standardized approach for live fault testing of 
BESS installations, enabling safer, more efficient 
commissioning and compliance validation. 

Network Licensee 

 
Table 11: Actions needed to be considered by DNOs to implement RaaS 
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Learning dissemination 
 

The RaaS project was actively disseminated through a range of high-profile national and international industry 
events, enabling the project team to share emerging findings, gather feedback and promote learning across the 
energy sector. Key engagement activities included participation in the Energy Networks Innovation Conference 
(ENIC), COP26, Utility Week events and forums, and the Energy Innovation Summit.  

In 2022, the project team also contributed to wider industry discussions through a Utility Week interview, "The 
Eye of the Storm: How Technology Can Supercharge Utilities' Responses to Extreme Weather", which explored 
electricity network resilience and responses to extreme weather events, promoting knowledge sharing, 
collaboration and discussion across the utilities sector.  
Through presentations, discussions and knowledge-sharing activities, the project team communicated RaaS 
learning and outcomes, explored opportunities for collaboration, and contributed to industry thinking on 
flexibility and resilience services. This included presenting RaaS within the "System Resilience & Security" session 
at the Energy Innovation Summit 2025, further supporting knowledge transfer across the energy networks sector. 
The RaaS project maintained regular engagement with industry stakeholders to share emerging findings and 
gather feedback on policy, regulation and project delivery. Feedback received through these activities directly 
informed decisions, trial implementation, commercial framework development and project deliverables. The 
resulting insights helped shape both the project outcomes and the lessons captured within this report. 

 

Some of the key dissemination events are summarised below. Additional dissemination activities can be found in 
Appendix 2 - Stakeholder Engagement Log. 

 

 Four Stage Gate Stakeholder Consultation Events (2021): Four consultation events were held in 
November 2021 to gather feedback from industry stakeholders on the project's progress and proposed 
next steps. The feedback received was described as highly positive and was subsequently incorporated 
into PD4 Stakeholder Engagement & Stage Gate Decision. This directly influenced Stage Gate decisions 
and the progression of the project into its next phase. 

 

 Drynoch Community Survey (2021-2022): A community survey was issued to customers connected to 
the Drynoch Primary Substation to understand attitudes towards power interruptions and the potential 
benefits of enhanced network resilience. The project received 110 responses, with 81% of respondents 
supporting progression of the RaaS trial. The results were used to inform implementation planning for 
the trial. 

 

 Biannual Stakeholder Advisory Board Meetings (2021-2024): The Stakeholder Advisory Board met 
regularly throughout the project lifecycle, providing an ongoing forum for challenge, review and expert 
feedback. The meetings enabled the project team to test assumptions, discuss emerging findings and 
gather views from a broad range of stakeholders. This continuous engagement helped shape project 
activities and ensured outputs remained relevant to industry needs. 

 

 Supply Chain Commercial Framework Engagement Events (2024): A series of bilateral engagement 
events were held with supply chain stakeholders to present options for the future commercial 
framework supporting RaaS. Participants provided feedback on commercial arrangements, 
implementation preferences and rollout considerations. This feedback was used directly in the 
development of PD5 Supply Chain Engagement - Commercial Framework. 
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 Engagement with National Grid ESO's Distributed Restart Project and Other Network Operators (2021-
2025): Regular meetings were held with other network operators and the Distributed ReStart project 
team to exchange learning on resilience services, system restoration and distributed energy resources. 
These discussions provided valuable operational and technical insights that informed the development 
of RaaS. The engagement also helped position the project within the wider resilience landscape across 
Great Britain. 

 

 Knowledge Transfer to Northern Powergrid's MultiResilience Project (2024-2025): Engagement with 
Northern Powergrid focused on sharing project learning, outputs and practical implementation 
experience. This included providing access to RaaS deliverables, controller algorithms and configuration 
files to support the development of the MultiResilience project. The transfer of these materials 
demonstrated that the project's learning was sufficiently mature and transferable to support replication 
by another Network Licensee. 

 

 Dissemination of the RaaS technology at a Distributed Energy Resources (DER) webinar hosted by the 
University of Strathclyde (23 June 2026): The project team was invited to present the Raas project on 
the seminar. This provided a platform to communicate the successful development and deployment of 
the Battery Energy Storage System (BESS), alongside key technical considerations for future site 
selection. This enabled discussion of the potential barriers to entry and operational challenges 
associated with transitioning the solution into business as-usual (BAU) deployment. 
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Key Project learning documents 
 

The RAAS project generated a number of key lessons learned that have been documented and shared through 
project reports, review forums, and dissemination updates to inform future innovation initiatives. 

All documentation including the Project Progress Reports which capture the delivery of the project and 
challenges addressed, alongside all other RaaS project related delivery documentation are available on the 
project website - https://ssen-innovation.co.uk/raas/project-docs/ 
 
Please see Appendix 3 - Key Project learning documents which presents the summary of the learnings and date 
published. 

 

 

 

  

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


 Resilience as a Service (RaaS) Close Down Report 

63 

Data Access Details 
 
Data obtained over the course of the RaaS project will be available to interested parties through appropriate 
channels, such as published project reports and deliverables available via the project website.  This information 
will be provided in accordance with the SSEN Network Innovation Competition (NIC) and Network Innovation 
Allowance (NIA) Data Sharing Procedure, reference PR-NET-ENG-020 10. 

For further information please email future.networks@sse.com 

 

 

  

 
10 Strategic Innovation Fund (SIF), Network Innovation Allowance (NIA) and Network Innovation Competition (NIC) Data 
Sharing Procedure for SSEN Distribution, Revision 3.00, PR-NET-ENG-020 

https://ssen-innovation.co.uk/wp-content/uploads/2026/03/PR-NET-ENG-020-4.pdf
mailto:future.networks@sse.com
https://ssen-innovation.co.uk/wp-content/uploads/2026/03/PR-NET-ENG-020-4.pdf
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Material Change Information 
 

During the delivery of the RaaS project, three Material Change Requests were submitted and approved by Ofgem 
to ensure the project could successfully achieve its objectives despite a range of external challenges. 

 

Material 
Change 
Request 

Date Submitted Key Drivers Outcome 

1 September 2022 

Delays resulting from the COVID-19 
pandemic, extended supplier engagement 
and procurement activities, and global 
supply chain disruptions affecting 
equipment availability, costs, and delivery 
schedules. 

Project timescales were 
extended beyond the original 
programme to accommodate 
these delays. 

2 October 2023 

Risks associated with implementation of 
the demonstration scheme, including 
equipment manufacture and delivery 
delays, coordination of multiple 
contractors and suppliers, and adverse 
weather impacts at the remote 
demonstration site on the West Coast of 
Scotland 

Revised delivery dates for the 
remaining project deliverables 
and extended the overall 
project completion date to 30 
June 2026. 

3 September 2025 

Additional time required for commissioning 
and testing activities, incorporation of 
operational learning, and alignment of 
stakeholder engagement and 
dissemination activities associated with 
Deliverables 6 and 8.  

Minor revisions to Deliverable 
6 and 8 submission dates. No 
change was made to the 
overall project completion 
date, which remained 30 June 
2026. 

 
Table 12: Material Change Requests 
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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 / Tharangan Rajavel 

Email: futurenetworks@sse.com 

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

Postal Address:   Scottish and Southern Electricity Networks 
Inveralmond House, 200 Dunkeld Road, Perth PH1 3AQ 

 

 
 

  

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

Appendix 1 – Glossary 

Appendix 2 – Stakeholder Engagement Log 

Appendix 3 – Key Project learning documents 
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Appendix 1 – Glossary 
 
AC Alternating Current  M2M Machine-to-Machine communication 

ALARP As Low as Reasonably Practicable risk assessment  NIC Network Innovation Competition 

Aux Auxiliary  OC Over Current 

AVC Automatic Voltage Control  OTR Operational Trip Relay 

BAU Business as Usual  PCC Point of Common Coupling 

BCP Battery Combiner Panels  PCS Power Conversion System 

BESS Battery Energy Storage System  PD Project Deliverable 

BM Balancing Mechanism  PLC Programmable Logic Controller 

BMS Battery Management System  PoW Point on Wave 

BSC Battery Systems Controller  POWRA Point of Works Risks Assessments 

CDM Construction (Design and Management) Regulations 2015  PSU Power Supply Unit 

CSI Current Source Inverter  RaaS Resilience as a Service 

CSP Common Services Panel  RAMS Risk Assessment and Method Statement 

CT current transformer (measurement instrument)  RfI Request for Information 

DC Direct Current  RfP Request for Proposals 

DDR Detailed Design Report  RoCoF Rate of Change of Frequency 

DER Distributed Energy Resources  RSP Raas Service Providers 

DM Dynamic Moderation  RTAC Real Time Automation Controller 

DMS Distribution Management System  RTU Remote Terminal Unit 

DNO Distribution Network Operator  RTS  Real Time Systems 

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  UPS Uninterrupted Power Supply 

HVAC Heating, Ventilation and Air Conditioning  VDC Volts Direct Current 

I/O comms input/output  VPN Virtual Private Network 

IoT Internet of Things  VPP Virtual Power Plant 

KPC Closing Pre-Charge Capacitor  VSI Voltage Source Inverter 

LOM Loss of Mains  VT voltage transformer (measurement instrument) 

LV Low Voltage  WP Work Package 
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Appendix 2 – Stakeholder Engagement Log 
 

Activity/Event Date Purpose Key Attendees / Stakeholders 

Stakeholder Advisory Board engagement September 2020 
March 2021 

December 2021 

Obtain strategic challenge and industry feedback BEIS, Citizens Advice, ENA, Minginish Community 
Council, National Grid ESO, Northern Powergrid, 
Ofgem, Scottish Government, Sustainability First 

Four Stage Gate consultation events November 2021 Share Phase 1 findings and gather stakeholder feedback GB DNOs, National Grid ESO, SAB members, 
academia, consultancies, potential investors, 
aggregators, community organisations, government 
stakeholders 

Energy Networks Innovation Conference 
(ENIC) 

October 2021 Raise industry awareness of RaaS  Innovation community and electricity network 
stakeholders 

COP26 SSEN event October 2021 Promote low-carbon resilience innovation  COP26 attendees, energy sector stakeholders 

Utility Week events September 2021 
 

Share project progress with industry stakeholders  Utility sector stakeholders 

RaaS Phase 2 press release January 2022 Publicise progression to trial phase  Utility Week, Current News, Energy Live News, 
Electric Energy Online readers 

Stakeholder Advisory Board meeting June 2022 Obtain strategic oversight and feedback  BEIS, Citizens Advice, ENA, Minginish Community 
Council, National Grid ESO, Northern Powergrid, 
Ofgem, Scottish Government, Sustainability First 
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Activity/Event Date Purpose Key Attendees / Stakeholders 

Utility Week Live presentation May 2022 Share RaaS learning with energy sector  Utility Week Live attendees 

ICLSG Monthly Partner Meeting September 2022 Exchange international smart grid learning  University of Oxford, Ausgrid, CORENA, Enel 
Foundation, ESB Networks, Oxford Low Carbon 
Hub, TEPCO, WEL Networks 

Resilience research discussions and 
workshops 

July 2022 
November 2022 

Contribute to resilience research  University of Oxford researchers 

Community survey engagement December 2021 
March 2022 

Capture customer perspectives on resilience  Drynoch customers and local community 

Stakeholder Advisory Board meetings January 2023 
September 2023 

Maintain stakeholder engagement and oversight  BEIS, Citizens Advice, ENA, Minginish Community 
Council, National Grid ESO, Northern Powergrid, 
Ofgem, Scottish Government, Sustainability First 

Highlands & Islands Green Energy 
Conference 

June 2023 Share project progress regionally  Highlands & Islands energy sector stakeholders 

Energy Innovation Summit, Liverpool October 2023 
November 2023 

Present RaaS benefits and learning  ENA Energy Innovation Summit delegates 

Future of Local Energy Institutions & 
Future of Distributed Flexibility 
consultations 

March 2023 
May 2023 

Contribute RaaS insights to policy development  Ofgem, flexibility market participants, network 
operators 
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Activity/Event Date Purpose Key Attendees / Stakeholders 

RMI engagement July 2023 Exchange international learning on battery integration Rocky Mountain Institute India Team 

Community energy engagement October 2023 Discuss local energy opportunities and resilience models  Local Energy Scotland, community energy 
organisations 

Brunel University presentation April 2024 
 

Educate future industry professionals  Brunel University MSc students 

Energy Innovation Summit presentation October 2024 
 

Disseminate project progress and learning  Energy Innovation Summit delegates 

Utility Week Forum presentation November 2024 Share resilience and flexibility insights  Utility Week Forum attendees 

Open Networks engagement January 2024 Inform development of flexibility procurement frameworks  ENA Open Networks team 

Supply chain engagement events June 2024 Test and refine commercial framework proposals  Flexibility providers, investors, developers, 
community energy groups, industrial energy users 

NEDO knowledge exchange October 2024 Share international resilience and microgrid learning  NEDO consortium, TEPCO, Okinawa Electric Power, 
Mitsubishi, CRIEPI, Northern Powergrid 
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Activity/Event Date Purpose Key Attendees / Stakeholders 

Stakeholder Advisory Board meetings March 2024 
November 2024 

Obtain strategic feedback and challenge  BEIS, Citizens Advice, ENA, National Grid ESO, 
Northern Powergrid, Ofgem, Scottish Government, 
Sustainability First 

MultiResilience support and knowledge 
transfer 

January 2025  
May 2025 

December 2025 

Transfer project knowledge and tools  Northern Powergrid MultiResilience project team 

Flexibility Market Asset Register (FMAR) 
workshops 

Nov 2024 
October 2025 

Support development of future flexibility markets via the 
Market Facilitator model 

Elexon and flexibility market stakeholders 

Cross-Sector Battery Showcase March 2025 Share battery innovation learning  Innovate UK, battery innovators, industry 
stakeholders 

Advisory Group and workshops May 2025 
June 2025 

October 2025 

Share resilience project experience  Northern Powergrid Resilient Customer Response 
project team 

Energy Innovation Summit, Glasgow November 2025 Disseminate project outcomes and progress  Energy Innovation Summit delegates 

Project dissemination videos Autumn 2025 Promote innovation, collaboration and project visibility Internal E.ON and SSEN stakeholders 
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Appendix 3 - Key Project learning documents 
 

Document Title Publication 
Date Summary 

Project Direction for Resilience as a Service 
January 2020 This direction sets the conditions of funding for SSEN's Network 

Innovation Competition project, Resilience as a Service. 

RaaS Work Packages & Project Deliverables 
October 2021 

Provides an overview of the RaaS project structure, including its work 
packages, milestones and key deliverables. It explains how the project 
activities are organised and governed throughout delivery. 

PD1 – Site Selection & Front End Engineering Design 
February 2021 

Summarises the approach used to identify suitable trial locations and 
develop the initial engineering design. It outlines the key technical 
considerations underpinning the RaaS solution. 

PD1 – Site Selection Report 
February 2021 

Assesses candidate network locations against technical, operational and 
commercial criteria. It explains the rationale for selecting the preferred 
trial site(s). 

PD1 – Front End Engineering Design (FEED) Report 
February 2021 

Presents the preliminary engineering design for implementing RaaS. It 
identifies technical requirements, constraints and proposed system 
architecture. 

PD2 - Detailed Design 
November 2021 

Details the finalised design of the RaaS solution and supporting 
infrastructure. It describes how the project moved from concept to 
deployment-ready specification. 

PD3 - Business Model 
January 2022 

Examines commercial arrangements and market structures required to 
support RaaS services. It explores value streams and potential routes to 
long-term adoption. 

https://www.ofgem.gov.uk/publications/network-innovation-competition-project-direction-resilience-service
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-Work-Packages-Project-Deliverables.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-PD1-Overview.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-Site-Selection-Report-E2a.1.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-FEED-E2a.2_lr.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-PD2-Overview.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-PD3-Overview.pdf
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Document Title Publication 
Date Summary 

PD4 - Stakeholder Engagement & Stage Gate Decision 
February 2022 

Summarises stakeholder feedback gathered during the project and key 
engagement activities. It documents evidence supporting progression 
through the project stage gate. 

PD5 - Supply Chain Engagement - Commercial Framework 
July 2024 Describes engagement with suppliers and market participants. It sets out 

the commercial framework required to procure and deliver RaaS services. 

PD6 - Network Adaptation and Acceptance Testing 
October 2025 

Reports on network modifications and commissioning activities 
undertaken prior to trials. It demonstrates that systems were tested and 
accepted for operational use. 

PD7 – Trial 1 – Demonstration at first site complete 
June 2026 

Documents the completion of the first RaaS trial site demonstration. It 
reports operational performance, findings and lessons learned from 
deployment. 

PD8 – BAU Preparation 
June 2026 

Describes activities undertaken to prepare the RaaS solution for business-
as-usual adoption. It focuses on operational readiness, governance and 
future implementation considerations. 

WP2 – Site Selection (E2a.1) 
February 2021 Reviews network locations suitable for a RaaS demonstration project. It 

assesses technical feasibility and suitability against project objectives. 

WP2 – FEED (E2a.2) 
February 2021 

Develops the front-end engineering design needed to support 
deployment. It defines functional requirements and key technical 
interfaces. 

WP3 – RaaS Sites Review and Technical Modelling 
Requirements 

February 2021 
Evaluates selected sites and establishes modelling requirements for 
detailed studies. It identifies the network data and assumptions required 
for analysis. 

https://ssen-innovation.co.uk/wp-content/uploads/2022/02/RaaS-PD4-Overview.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2025/11/RaaS-PD5-Overview.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2025/10/RaaS-PD6-Overview.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2026/06/PD7-Trial-1-Demonstration-at-first-site-complete.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2026/06/PD8-BAU-Preparation.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-Site-Selection-Report-E2a.1.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-FEED-E2a.2_lr.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-RaaS-Sites-Review-and-Technical-Modelling-Requirements-SWP1-1.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-RaaS-Sites-Review-and-Technical-Modelling-Requirements-SWP1-1.pdf
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Document Title Publication 
Date Summary 

WP3 – PoW Switching Study – Drynoch 
May 2021 

Investigates the use of point-on-wave switching technology at the 
Drynoch site. It examines operational impacts and potential benefits for 
RaaS implementation. 

WP3 – Network Model Development and Validation for RaaS 
Feasibility Studies 

October 2021 
Describes the creation and validation of network models used to assess 
feasibility. It provides confidence that simulation results accurately 
represent network behaviour. 

WP3 – Modelling and Simulation Studies of Inrush Current 
Phenomena 

July 2021 Examines transformer energisation and inrush current effects within a 
RaaS network. It evaluates operational risks and mitigation measures. 

WP3 – Evaluation of Islanded Network Black Start Capability – 
RaaS Scheme 

October 2021 
Assesses whether the RaaS solution can support restoration of supply 
following outages. It explores black-start capability and resilience 
benefits. 

WP3 – Protection Coordination Studies 
November 2021 Reviews network protection requirements under RaaS operating 

conditions. It confirms that protection settings remain safe and effective. 

WP3 – DNO Controller Requirements Specification 
May 2021 

Defines the functional and performance requirements for the DNO 
controller. It establishes the capabilities needed to operate and manage 
RaaS services. 

WP3 – DNO Controller Detailed Design Specification 
June 2021 Provides the detailed design of the controller solution. It describes system 

architecture, interfaces and operational functionality. 

WP3 – DNO Controller Testing, Installation And 
Commissioning Plan 

July 2021 Sets out the approach for testing, installing and commissioning the 
controller. It ensures readiness before operational deployment. 

https://ssen-innovation.co.uk/wp-content/uploads/2021/10/Point-on-Wave-Switching-Study-Drynoch.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-Network-Model-Development-and-Validation-for-RaaS-Feasibility-Studies-SPW1-3.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-Network-Model-Development-and-Validation-for-RaaS-Feasibility-Studies-SPW1-3.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-Modelling-and-Simulation-Studies-of-Inrush-Current-Phenomena-SWP2-2.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-Modelling-and-Simulation-Studies-of-Inrush-Current-Phenomena-SWP2-2.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-Evaluation-of-Islanded-Network-Black-Start-Capability-RaaS-Scheme-SPW2-3.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-Evaluation-of-Islanded-Network-Black-Start-Capability-RaaS-Scheme-SPW2-3.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/11/RaaS-WP3-Protection-Coordination-Studies-SPW4-2.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-DNO-Controller-Requirements-Specification.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-DNO-Controller-Detailed-Design-Specification.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-DNO-Controller-Testing-Installation-and-Commissioning-Plan.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-DNO-Controller-Testing-Installation-and-Commissioning-Plan.pdf
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Document Title Publication 
Date Summary 

WP3 – DNO Controller Summary Report 
August 2021 Summarises the development and implementation of the DNO controller. 

It highlights key outcomes, performance and lessons learned. 

WP3 – RFP document (E3a.3) 
August 2021 

Defines the procurement requirements for equipment and services 
needed for RaaS. It enables suppliers to respond to project needs 
consistently. 

WP3 – Detailed Design for RaaS BESS & EMS (E3a.4) 
October 2021 

Details the Battery Energy Storage System and Energy Management 
System design. It explains how these technologies support RaaS 
operation. 

WP4 – Flexibility Scenarios (E4.1) 
November 2020 Explores different flexibility market and operational scenarios relevant to 

RaaS. It assesses how flexibility services could support network needs. 

WP4 – Flexibility Optimisation for RaaS Battery Operation 
(E4.2_E4.3) 

August 2021 
Analyses how battery dispatch can be optimised across different 
objectives. It balances network support requirements with commercial 
opportunities. 

WP5 – DNO Business Case Review 
October 2021 Reviews the business case for network operators adopting RaaS. It 

considers costs, benefits and strategic implications. 

WP5 – Modelling Methodology (E5.1) 
November 2020 

Describes the analytical approach used to assess commercial and financial 
outcomes. It provides the foundation for subsequent business case 
modelling. 

WP5 – Investor Risk Evaluation (E5.2) 
May 2021 Assesses risks faced by investors participating in a RaaS model. It 

identifies uncertainties and possible mitigation measures. 

https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-DNO-Controller-Summary-Report.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP3-RFP-document-E3a.3.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/11/RaaS-WP3-Detailed-Design-for-RaaS-BESS-EMS-E3a.4.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP4-Flexibility-Scenarios-E4.1.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-WP4-Flexibility-Optimisation-for-RaaS-Battery-Operation-E4.2_E4.3.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-WP4-Flexibility-Optimisation-for-RaaS-Battery-Operation-E4.2_E4.3.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP5-DNO-Business-Case-Review.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP5-Modelling-Methodology-E5.1.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/10/RaaS-WP5-Investor-Risk-Evaluation-E5.2.pdf
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Document Title Publication 
Date Summary 

WP5 – Investor Business Case (E5.3) 
January 2022 Evaluates the commercial attractiveness of RaaS from an investor 

perspective. It examines potential returns and investment structures. 

WP5 – Heads of Terms – Supporting Information (E5.4) 
January 2022 Provides supporting material for commercial agreements between 

parties. It outlines principles that could underpin future contracts. 

WP6 – Investigation into the Wider Potential of RaaS (C6.1) 
November 2021 Explores where else the RaaS model could be applied across electricity 

networks. It assesses scalability and future opportunities. 

WP6 – Risk Evaluation for RaaS Roles (C6.2) 
August 2021 

Examines risks associated with different stakeholder roles and 
procurement routes. It supports development of practical delivery 
models. 

Project Progress Report 2020 
December 2020 

Summarises project mobilisation activities and early-stage development 
work completed during 2020. It provides an update on progress against 
objectives and plans. 

Project Progress Report 2021 
December 2021 

Reviews key technical, commercial and stakeholder engagement activities 
completed during 2021. It highlights achievements, challenges and next 
steps. 

Project Progress Report 2022 
December 2022 Provides an annual update on project delivery, technical studies and 

commercial development. It tracks progress against project milestones. 

Project Progress Report 2023 
December 2023 

Summarises progress during 2023, including trial preparation and 
stakeholder engagement activities. It outlines work planned for the 
following year. 

https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-WP5-Investor-Business-Case-E5.3.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-WP5-Heads-of-Terms-Supporting-Information-E5.4.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2021/12/RaaS-WP6-Investigation-into-the-Wider-Potential-of-RaaS-C6.1.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-WP6-Risk-Evaluation-for-RaaS-Roles-and-Procurement-Strategies-C6.2.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-Project-Progress-Report-2020.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/01/RaaS-Project-Progress-Report-2021.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2022/12/RaaS-Project-Progress-Report-2022.pdf
https://ssen-innovation.co.uk/wp-content/uploads/2023/12/RaaS-Project-Progress-Report-2023.pdf
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Document Title Publication 
Date Summary 

Project Progress Report 2024 
December 2024 

Reports on delivery activities, testing and project learnings achieved 
during 2024. It provides an update on remaining activities prior to project 
completion. 

Project Progress Report 2025 
December 2025 Summarises progress towards demonstration and business-as-usual 

adoption during 2025. It highlights outcomes, lessons and future actions. 

RaaS Stage Gate Stakeholder Engagement – Overview 
November 2021 

Summarises stakeholder engagement undertaken to support project 
decision-making. It captures feedback from industry, communities and 
project partners. 

RaaS – Energy Innovation Summit Nov 2023 
November 2023 

Provides an overview of RaaS dissemination at the ENA Energy Innovation 
Summit. It highlights key messages, stakeholder discussions and industry 
engagement outcomes. 

RaaS – Energy Innovation Summit Nov 2025 
November 2025 

Provides an overview of RaaS dissemination at the ENA Energy Innovation 
Summit. It highlights key messages, stakeholder discussions and industry 
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