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Project Overview

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

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

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

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

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

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

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

The importance of enhanced resilience in our energy systems increases as the impacts of climate change continue
to be seen through extreme weather events. The scaled deployment of RaaS will support wider national and
regional policy aims including the UK’s transition to Net Zero.
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Figure 1 - Schematic of the RaaS solution supporting a 33kV to 11kV primary substation

Lin islanded mode, an area of the network is disconnected from the main electricity grid and operates independently
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Introduction to PD6

This PD6 overview document introduces the activities within the RaaS - Resilience as a Service - project which
meet the requirements of Project Deliverable 6 - Network Adaptation and Acceptance Testing, defined in the
Project Direction as:

RaaSs Project Deliverable 6

PD6.1 Produce interface and configuration specifications and commissioning reports

The document sets out the work undertaken to establish a pilot RaaS scheme at the chosen trial site of Drynoch
primary substation on the Isle of Skye. The system incorporates third party assets integrated with existing DNO
infrastructure to provide increased resilience of the local electricity distribution network in response to a fault
on the higher voltage network.

An introduction to delivery of the trial scheme is given in Background & Context. System Description and
Specification provides information on the functionality specified, the configuration of the different elements
required to apply Raa$, and the interfaces between the DNO network and resilience service asset. An overview
of the Testing and Commissioning activities undertaken to evidence system performance and safe interaction of
the RaaS scheme with the DNO network is then presented.

With involvement from lItaly, Spain, the USA and UK, together with battery modules from South Korea, delivery
of this project showcases collaboration and commitment to innovation, with valued teamwork across parties to
deliver the Raas trial scheme.

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

Once operational, the RaaS trial scheme will be used to evaluate the technical capability and performance of the
Raa$S scheme on a live network. If successfully demonstrated through the project, this approach would provide
a solution to increase security of supply in remote areas, and within urban networks and other DNO regions.

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

To provide the context for PD6, Appendix 1 presents the Project Deliverables defined in the RaaS Project
Direction.

A glossary of terms is provided as Appendix 3.

2 PD4 ‘Stakeholder Engagement & Stage Gate Decision’

3 Drynoch, Skye - the trial site selection process is documented in RaaS E2a.1 ‘Site Selection Report’
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Background & Context

This section provides context for the design, specification, construction and commissioning of the pilot RaaS
scheme.

Prior system design and stakeholder engagement activities are presented in reports and associated material
available via the project website - https://ssen-innovation.co.uk/raas.

Trial Scheme Delivery Roles

Development of the technical solution for RaaS required detailed collaboration to ensure all relevant aspects
were considered and requirements captured, and that all aspects of the scheme would interface correctly to
provide the required functionality and interact safely with the electricity network.

The RaaS innovation project is a partnership between SSEN Distribution, E.ON and Costain. The partners have
then tendered for suppliers and contractors to work together to design and then deliver the pilot scheme. The
key parties are set out in Table 1.

A high level of collaboration has been seen throughout the project with complex challenges addressed and
resolved throughout design, delivery and commissioning.

Table 1 - RaaS pilot scheme delivery - key parties

Organisation Description RaaS$ project role

DNO side

SSEN Distribution UK DNO * RaaS project partner
* CDM Client

DNO side design approval
DNO side commissioning
* BESS system witness testing & acceptance
* RaaS system commissioning & acceptance

Acaster Safety Health & Safety advice and * CDM Principal Designer
services for the Construction
industry
Freedom provider of technical * DNO switchboard Design & Build contract

engineering, infrastructure and | ® DNO side Protection & Control Design contract

maintenance services for the | ® CDM Principal Contractor
Power industry

MAL Civils Civil Engineering construction | ® Civils work - DNO side
Company
SEL (Schweitzer power system protection, * DNO RaaS$ Controller supplier
Engineering control, monitoring,
Laboratories) automation, and integration
specialist
Ord provider of plant, equipment * CDM site office & welfare

and services for construction,
industrial and commercial sites

Aggreko provider of temporary power, | ® temporary generation for voltage support during
heating and cooling systems substation outages
across sectors * temporary power for the BESS HVAC system

* loadbank for initial off grid RaaS transition testing
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BESS side
E.ON UK energy systems developer ® RaaS project partner
* BESS side design approval
* BESS system witness testing & acceptance
* RaaS system witness testing & acceptance
Loccioni specialist system and solution | ® RaaS BESS supplier
provider * BESS side commissioning
* RaaSs system commissioning
Punch Consulting civil and structural engineering | ® Civils designer - BESS side
Engineers consultancy services across
industry sectors
Ameresco sustainable energy company * Main contractor & site coordination of BESS
offering solutions for public subcontractors - BESS side
and private organisations
Mascot Civils provider of civil engineering * Civils works - BESS side
services for the energy sector
Encorp control system specialists * RaaS BESS EMS control system supplier
Stoddart Crane Hire | experienced provider of crane | ® cranage for BESS container offloading
hire, contract lifts, and haulage
services

Site Delivery Timeline

The site delivery and commissioning timeline for the pilot RaaS scheme is set out below. This focuses on the
aspects of system delivery specifically related to installing and integrating the trial RaaS scheme to provide local
resilience to the DNO network.

In common with to all new energy assets connecting to a network a suite of ‘standard’ activities and processes
for accepting the BESS onto the network and delivering the trial scheme were applicable to the project. These
are summarised in the Broader Scheme Development Considerations section of this document.

Construction Testing Commissioning

October 2024
November 2024
December 2024

January 2025 .
construction
February 2025 under CDM & SEL FAT (Reading, UK)

March 2025 F10 notification Loccioni FAT (Ancona, Italy)

(36 weeks over BESS shipping to site
April 2025 a period of 10 BESS container cranage & commissioning plan workshop

months) offloading (online)*

first stage of site commissioning**
May 2025 further SEL lab testing
(Reading, UK)

June 2025 further SEL lab testing,

(Reading, UK)

RaaS RTS integration lab
tests (Perth, UK)

July 2025 second stage of site
commissioning®**
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August 2025 offsite investigation & assessment
of outstanding points

September 2025 modification for inverter operation
applied & tested at site

October 2025 follow up activities ahead of

November 2025 handover for live trial operation

* collective workshop to review results of SSEN Distribution/SEL and E.ON UK/Loccioni/Encorp FAT activities,
identify outstanding questions to be covered during commissioning, discuss proposed SAT activities, and agree
the plan for full testing & commissioning on site

** various stages of SSEN commissioning during the construction period - switchboard, EAT, TSA (DNO DMS
(PowerOn Fusion) comms) commissioning, final commissioning of the first half of the board, energisation of
transformer T1 & first half of the board - this stage allowed the substation to be returned to equivalent
conventional operation (and end the first outage), and also provided power for BESS HVAC commissioning and
use from the switchboard (ahead of full 11kV cable energisation)

*** detailed BESS commissioning and RaaS system testing - BESS supply meter installation & commissioning,
G99 protection commissioning, 11kV cable pressure testing & energisation, energisation of the BESS
transformer, RaaS comms & comms interface testing/commissioning, BESS fault level response testing, RaaS
transition testing

The focused period of site testing and commissioning in July demonstrated successful operation of many aspects
of the RaaS scheme, however a number of points required further investigation and assessment to ensure correct
operation of the whole system - this reflects the novel nature of the technology being put in place.

The project team have subsequently worked on the outstanding points, with modifications applied and tested at
site to demonstrate successful resolution of certain aspects. Additionally, as the DNO Raa$ Controller and BESS
EMS are fully connected and interfaced, real-time monitoring and control signals can be viewed by the project
team. It is clear from the data logs that the system has correctly identified network situations where a Raa$S
response should have been initiated, and provided corresponding control signals accordingly. Whilst the BESS is
not enabled to respond at the current time, subject to further electrical testing, this evidences the real world
response of the resilience control systems developed through the project.

Further tests will be used to evidence other aspects of system performance ahead of live trial operation.

Installed Scheme

The BESS scheme installed for the Raa$S trial comprises three containers - a battery module container (3MW,
3MWh capacity), an inverter container and an auxiliary control container - together with a BESS transformer and
external HVAC system. The images in Figures 2 to 4 below show the scheme during construction.

The site layout was agreed in partnership with consideration to both BESS scheme requirements and DNO
substation fire safety and security policies and guidance.

» This pilot scheme has been installed within a DNO substation compound for the key benefit of allowing the
commissioning teams to work collaboratively onsite in applying and testing this novel technology, likewise
to allow any investigations or refinement during trial operation to be worked through together. A key aspect
of RaaS and the scheme developed through this project is that a scheme capable of providing RaaS could be
connected anywhere suitable downstream of a primary substation to support the local 11kV network.
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Figure 3 - Aerial view of the RaaS BESS containers
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Figure 4 - RaaS BESS battery module, inverter and auxiliary control containers
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System Description and Specification

This section describes the scheme designed and installed to provide local resilience at the Raa$ project trial site.
This includes information on the functionality specified, the configuration of the different elements required to
apply Raas, and the interfaces between conventional DNO and resilience service assets.

System Architecture

The concept of ‘Resilience as a Service’ (provided to a DNO by a third party service provider) necessitates a clear
interface between the DNO and third party assets, with no ambiguity or overlap in ownership or function, and
with full ICT comms & data security.

The project team’s intention during the design stages was to develop a scheme which could be widely applicable
to a range of different substation configurations, with minimal changes required to the architecture for any
future sites. This objective extends to the possibility to implement the scheme using a range of potential control
devices, and only requiring adaptations to settings and/or mode of application of the control algorithms to the
proprietary devices chosen.

A Smart Grid Architecture Model (SGAM)* has been created to represent the configuration of assets used to
demonstrate RaaS technology at the project trial site. The SGAM ‘component layer’ image in Figure 5 illustrates
the architecture of the RaaS system and its integration with existing network assets. A description of each
element of the scheme is then given.

All layers of the SGAM for RaaS implementation are provided as Appendix 2 to show the communications
protocols, information exchanges, and functions associated with the different elements of the system
implemented.

4 SGAM provides a technology neutral representation of a novel solution for electricity system operation, including the
components and their integration with existing assets, communications protocols, information exchanges, and functions
associated with the different elements of the system

10 Resilience as a Service
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The interface between the DNO RaaS Controller and BESS EMS provides the communication and control route
between the DNO and the external system for provision of RaaS to support the 11kV distribution network.

The DNO RaaS Controller is the PLC device programmed with the RaaS control algorithm. This takes network
information from the 33/11kV transformer, 11kV feeder circuit breakers (CB) and BESS, including voltage, current
and status information, to provide sophisticated network disturbance monitoring capable of identifying the need
for a RaaS response. When a RaaS event is identified, the DNO Raa$S Controller issues a command to the BESS
EMS to initiate a RaaS response. SSEN have worked with SEL to develop the required component configuration
for DNO RaaS Controller and apply the DNO RaaS$ control algorithm logic. The DNO RaaS Controller consists of a
real time automation controller (RTAC) platform (SEL-3350 and SEL-2240), a feeder protection relay acting as a
loss of mains (LOM) relay with enhanced pre-fault detection capability (SEL-751), a power quality monitor (PQM)
(SEL-735) and an Ethernet switch (SEL-2730).

The DNO Raa$ Controller also connects into the existing Remote Terminal Unit (RTU) in the substation to provide
SCADA (Supervisory Control and Data Acquisition) communications with the DNO Control Room so that Control
Engineers have visibility of the status of both the RaaS scheme (including operational mode and response to a
RaaS event) and BESS (including remaining battery capacity, health of the system, and readiness to respond to
RaaS events). Control Engineers are also able to use the commands incorporated into the Distribution
Management System (DMS) to enable/disable RaaS and control the operation of the BESS during a Raa$S event
(e.g. whether CB operation is permitted, and when to synchronise back to the grid).

As one key adaptation from the original DNO side detailed design, a new earthing transformer has been installed
to ensure safe system earthing throughout all RaaS operational modes. The initial design used the BESS
transformer to provide earthing in islanded mode. However, that approach would have resulted in:

B DNO earthing being reliant on a third party asset (therefore outside the direct control of the DNO)
B changeover occurring on circuit breaker opening which would move the earth under fault conditions

Accordingly the design was altered to incorporate a new, DNO owned earthing auxiliary transformer (EAT).

The BESS comprises of BESS EMS, BESS PLC, BESS transformer, Battery Systems Controller (BSC), Power
Conversion System (PCS), Battery Management System (BMS), battery racks, and ancillary equipment for fire
safety, systems cooling, and container environmental controls. This connects into the DNO 11kV busbar via an
11kV cable from the BESS transformer and dedicated CB within the DNO switchboard.

The BESS EMS is the control interface for the DNO Raa$S Controller, and incorporates the functionality to monitor
grid operation and provide control signals to the BESS PLC for both on grid and off grid operational modes, and
ensure a smooth transition between RaaS operational modes. The BESS EMS has been implemented using an
Encorp Egility Control Platform as this provided the required flexibility for application of Raa$S functionality.

The EMS provides the following functions:
B network monitoring via both the DNO Raa$S Controller and hardwired signals
B DNO real and reactive power control (PQ control)
B BESS real and reactive power control (PQ control)
B transition from grid connected to islanded mode
B planned transition
B unplanned/automated transition in response to a fault
B transition from islanded mode to grid connected

B |ocal black start
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The BESS PLC provides the interface with the BESS electrical equipment, and coordinates control signals between

the BESS EMS, PCS, BMS, and ancillary systems. It monitors and controls the state of the BESS via the BESS
control system State Machine.

The State Machine® governs the operational behaviour of the BESS through a series of discrete, logically
sequenced states. Each state represents a distinct mode of operation, with transitions triggered by predefined
control logic, system feedback, or operator commands. Figure 6 illustrates the RaaS BESS State Machine.

The states and transitions are continuously monitored and in the event that a non-valid condition is detected the
system will move into an alarm state with DC and AC breakers open (BESS system isolated but not locked off).

Power Off

Powering Off Powering On

Disconnected

Resetting Alarm

Connecting I

Disconnecting

Connected

Stopping

b
ARR
NN

Figure 6 - RaaS BESS State Machine

The BESS transformer provides the connection to the 11kV feeder from the DNO substation, and splits the supply
into two 470V AC supplies, one for each PCS module.

The PCS is composed of two PCS modules that operate in parallel providing an overall nominal capacity of 6MVA.
Each PCS module comprises of:

B two Danfoss inverter power units

B a3 DC bus (connection point for 16 battery racks)

two LC filters

B an ACcircuit breaker

There are 32 battery racks arranged in two sets of 16 for each DC bus. The battery racks have a nominal capacity

of 3.587 MWh, a dischargeable energy at design life (BoL - beginning of life) of 3.083 MWh at the AC side of the
system, and a nominal power rate of 2C (6.6 MW).

5 a State Machine is a behavioural model representing the finite number of states, transitions and events that describe
how a system acts in response to inputs

13 Resilience as a Service
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The Demand Side Response (DSR) interface engages with E.ON’s Virtual Power Plant (VPP) system for initiating
and reporting on participation in other ancillary services and markets. The BESS EMS connects to the DSR
interface to provide high level system data such as battery capacity, state of health, system availability and meter
readings. The DSR interface for the RaaS trial scheme uses Kenda’s Nebula controller.

The BESS engineering station serves as the interface for configuring, monitoring, and manual control of the BESS.
It hosts BESS equipment system software and provides remote and local user interface access for specialist
engineering support.

High level system data and alarms are transmitted to E.ON’s Central Control Room (CCR). Data is integrated into
the CCR’s SCADA system, providing a simplified remote visualisation of the BESS. The CCR operates 24/7 and
monitors BESS alarms, initiating an emergency response where necessary.

The BESS Remote Monitoring and EMS Remote Monitoring systems provide operational data to the system
providers for operational management and reporting. These systems also support provision of specialist
engineering support.

Functional Requirements

The fundamental technical requirements for a scheme to participate in provision of RaaS include:

B an asset with connection to the 11kV network

B capability to provide fault ride through or very quick black start when transitioning to islanded mode,
including allowance for associated inrush currents

B grid forming capability to maintain frequency within limits (49.7 Hz to 50.3 Hz) - during a RaaS event
frequency control may be supplemented by other assets that are part of the overall RaaS scheme

B grid forming capability to maintain voltage within limits (within +/- 3% at point of common coupling (PCC))
throughout a Raa$ event

B grid forming capability to maintain the generation/demand balance when operating in islanded mode,
including being subject to credible disturbances

B ability to provide power to maintain stable supply to customers in islanded mode during a RaaS event - in
future configurations of the service the energy could be provided by the grid forming asset or one or more
other generation assets

B capability to deactivate BESS G99 protection ahead of transition to off grid (islanded) operation®

B capability to provide suitable fault level contribution for 3 seconds when operating in islanded mode, and
then tripping

B capability to resynchronise to grid following a RaaS event and restoration of the 33kV supply
B communications & signals for interface with the electricity network and DSO

B full compliance with data and cyber security requirements

UK Engineering Recommendation G99 is the standard for connecting generators to the national electricity grid - if G99
protection is not blocked for transition the reduced system inertia in islanded more may result in rate of change of
frequency (RoCoF) events that could cause the G99 protection to trip the BESS off

14 Resilience as a Service
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The RaaS asset may also stack revenues from participation in other markets subject to meeting the evolving
technical, commercial and regulatory requirements for each of those other markets - example income streams
from other markets include:

NESO services

Dynamic Response Services - Dynamic Containment (DC), Dynamic Moderation (DM), Dynamic
Regulation (DR)

Balancing Mechanism (BM)
reserve services
local DSO Flexibility Services

arbitrage in the wholesale market

The BESS scheme implemented for RaaS operation at the project trial site realises the prior project stages of:

Front End Engineering Design (FEED) - provided an extensive description of the requirements of a BESS
scheme capable of delivering the functionalities necessary to implement Raa$, based on generic inverter
models

Request for Information (Rfl) stage - supply chain engagement to shortlist potential suppliers
Request for Proposals (RfP) stage - supply chain engagement to invite proposals from those shortlisted

Detailed Design Report (DDR) - refined the initial FEED with incorporation of studies provided by battery
suppliers, utilising BESS system models with vendor specific control firmware and electrical parameters

Request for Quotes (RfQ) stage - issued based on the DDR as part of the tendering and procurement process
for delivery of the pilot scheme at the selected trial site

The DDR and associated procurement specifications addressed topics associated with each mode of operation
of Raa$, and the transitions between the different RaaS operational states, as represented in Figure 7.

BESS On-Grid
On-Grid On-Grid | FRT
blackout operation  ~__ | BESS On-Grid
stability
reactive planned
transition transition
Off-Grid
T . FRT \ Off-Grid
blackout Off-Grid operation grid
stablllty Siiziie
= /
Off-Grid
Black Start FRT: fault ride through

Figure 7 - RaaS operational modes and transitions
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DNO Raa$ Control Algorithm

The DNO side control algorithm developed for RaaS provides the sophisticated network disturbance monitoring
required to identify the need for a RaaS response, and ensure that the scheme operates in a safe, efficient and
reliable manner. It provides local, automated control within a substation to:

B monitor network and asset status and operational data
B correctly identify situations where a RaaS response is required
B jssue a RaaS command to the third party BESS EMS and monitor the response

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

B enact commands received from DNO Control Engineers via the DMS

A suite of data points are monitored and used to establish the required response. These are summarised in
Table 2 with detail available on request to the project team - futurenetworks@sse.com. A single line diagram of
the site denoting circuit breakers, feeders, etc. is provided as Figure 10.

Table 2 - Summary of DNO RaaS Control Algorithm datapoints

Signals Use

Hardwired status information e TR1, CO1 & BB1 CB status information

* 001, 002 & 003 protection relay fault indications

* RaaS enabled

* VT fuse failure

Hardwired analogue signals * TR1 VT and CT measurements

* CO1 VT and CT measurements

* VT voltage selection

Hardwired control signals * TR1 trip and close

* CO1 trip

* BESS transition to islanded mode

* PQM trigger

DNP3 datapoints from BESS * BESS healthy / faulty / warnings / alarms / enabled

¢ State of Charge

* LV AC and DC CB status

* real and reactive power exchange

DNP3 datapoints to BESS * RaaS status (enabled / prepare for islanded mode /
prepare for re-synchronise to grid mode)

¢ real and reactive power warnings for BESS export
and import

* volage and frequency warnings in islanded mode

* setpoints for voltage target and reactive power

Development of the DNO side control algorithm and choice of suitable platform for RaaS build on the work
undertaken during Phase 1 of the project, specifically:

B ‘DNO Raa$ Controller Requirements Specification’’

This document sets out the high-level functional requirements for applying RaaS and the DNO Raa$
Controller functional Use Cases, and how these influence the detailed requirements.

7 Raa$S Phase 1 Work Package 3 report ‘DNO RaaS Controller Requirements Specification’
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B ‘DNO Raa$ Controller Detailed Design Specification’®

This describes the detailed DNO Raa$ Controller architecture specification and DNO Raa$S system Detailed
Design Specification, developed based on the generic requirements assessment.

It covers each of these aspects of the scheme:
B RaaS control solution overall design and embedded operating principles and procedures
B functional control logic capturing the required operating modes:
B grid connected operation
B grid connected to islanded transition
B jslanded operation (including DER embedded within the network)
B islanded to grid synchronisation and transition
B black start
B communications media, information standards and protocols

B network monitoring, visibility and operator intervention - including alarms to the DNO DMS and
associated interface design of required functionality within SCADA and the DMS

B fail-safes and communication reliability issues
B third party RaaS control interfaces

B operational risks and mitigation measures

B cyber security risks and secure design

B organisational models

To ensure that RaaS will not compromise the operation of existing systems, full consideration of relevant
standards, practices and day to day operation of the substation systems was maintained throughout
development of the DNO RaaS control algorithm. The SSEN project team also engaged with internal stakeholders
including Protection, RTS, Operational and Control Room teams to ensure a clear understanding of all
requirements, challenges, limitations and safety considerations. The Protection and RTS teams were also invited
to review the proposals, and to attend testing and commissioning activities.

Three key documents detailing the design and implementation of the DNO RaaS Control Algorithm are available
on request from the project team - futurenetworks@sse.com - as follows:

B DNO RaaS Control Algorithm
B detailed Single Line Diagram for RaaS implementation

B DNO RaaS Controller configurations files

8 RaaS Phase 1 Work Package 3 report ‘DNO Raa$S Controller Detailed Design Specification’ comprising:

e architecture diagrams e control sequence / flow models

¢ hardware specifications e inventory lists (e.g. databases, alarms, alerts)
e software specifications e functionality per operating mode

e interface specifications e security features

e communications specifications
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Incorporation of RaaS into SCADA

To integrate RaaS with SCADA, the DNO RaaS Controller connects to the existing communication RTU within the
substation, with the required DNP3 data points mapped between the DNO RaaS Controller and RTU.

The incorporation of Raa$S into SCADA for all associated data exchanges ensures that data security is maintained
through the measures in place for securing our operational technology systems, in line with SSEN Distribution’s
Operational Technology Security and Risk Standard.

Incorporation of Raa$ into the DMS

To provide visibility of the RaaS scheme to DNO Control Engineers, system status information and alarms
together with RaaS specific control commands have been incorporated into SSEN’s Distribution Management
System (DMS), PowerOn Fusion, with data transfer and control via the existing SCADA system. This integration
has been implemented in accordance with the business’s procedures and work instructions for representing
network alterations in the DMS.

The RaaS control commands incorporated into the DMS are:

B RaaS Enable / Disable
B RaaS Reconnection Back to Grid Enable / Disable
B BESS Export Enable / Disable

B RaaSto Island mode - manual command for a planned transition to islanded mode

The RaaS status information indicates:

B RaaS Status - available / not available / enabled / disabled

B RaaS Operational Mode - grid connected / islanded mode / Raa$ transition (fault ridethrough, black start,
resynchronisation to grid)

B Voltage and/or Frequency limits exceeded

B Real and/or Reactive Power limits exceeded

Correspondingly, the alarms raised by the system are designed to flag an issue with RaaS operation, or indicate
that the system has identified a situation whereby it has not been possible or safe for the algorithm to initiate a
RaaS response, including:

B RaaS Failed to Transition Alarm - RaaS failed to transition to islanded mode and so will attempt black start
of the 11kV network

B RaaS Black Start Failed Alarm - RaaS failed to form an island after two attempts and so halted operation

B RaaS Resynchronisation Failed Alarm - RaaS attempted to synchronise back to the 33kV network from
islanded operation but was unsuccessful - a DNO Control Engineer can instruct RaaS to re-try
resynchronisation or alternatively halt RaaS and remotely close the CB manually

If it has not been possible for the system to provide a RaaS response (supplying power to customers in islanded
mode) in the event of a fault on the higher voltage network, the DNO RaaS Controller sends an alarm to the
Control Room, and the Control Room would then provide a conventional response to the outage.
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The RaaS commands in the DMS allow the Control Room to remotely disable RaaS operation, for example when
work is being undertaken on the network. This is important for safety to minimise the risk of network
energisation whilst people are working on or near assets which may then become live. A Control Engineer can
then remotely re-enable RaaS when appropriate and allow the system to resume automated control.

An image of the RaaS template added to the DMS is given in Figure 8.
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Figure 8 - RaaS scheme incorporated into the main PowerOn Fusion Schematic view

BESS Configuration Specification

The RaaS BESS specification was informed and developed through a number of project activities. These are
summarised below with detail given in the associated reports.

An initial ‘Front End Engineering Design’® (FEED) provided an extensive assessment of the requirements of the
BESS system to deliver all expected project functionalities based on generic BESS models. This was issued for
external peer review to obtain a wide range of perspectives to validate or challenge the proposals. The feedback
received was then used to inform development of the detailed design for the proposed scheme, and help ensure
that what’s developed through the project is as broadly applicable as possible across different networks.

9 RaaS Phase 1 Work Package 2 report ‘RaaS Front End Engineering Design (FEED)’
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The reviewed FEED provided the basis for a tender process to further define the configuration specification of
the BESS system. As part of this, the ‘Request for Proposals’'® document set out the required components of the
proposed scheme and associated specifications. The high-level specification of the initial BESS system included:

a power conversion system - PCS (inverters) with capacity of 5MVA (for fault level contribution) and at least
two parallel independent units to ensure availability of one in the event of a fault on the other - the scheme
procured provides 6MVA for 3 seconds, appropriate to the selected trial site

provisional energy storage of 4.2MW/4.2MWh with a minimum usable storage of 3MWh - the scheme
procured provides 3MW/3MWh, appropriate to the selected trial site

lithium-ion batteries with life expectancy of 10 years under normal operating conditions
a Battery Management System (BMS) and Battery Combiner Panels (BCP)

an Energy Management System (EMS) capable of implementing a RaaS solution and participating in
flexibility markets

DC distribution equipment
a 11kV/0.4kV 3MVA transformer
disconnect switches and protection devices

all auxiliary equipment necessary to operate and protect the BESS (such as the heating, ventilation and air
conditioning (HVAC) system, etc.)

The ‘BESS Detailed Desigh Report’!! further developed the engineering requirements with inclusion of grid
studies provided by suppliers using BESS system models with vendor specific equipment control firmware and
electrical parameters. Each RaaS operational scenario is considered with the associated detail set out, including
consideration of protection system studies and trip settings. The scenarios assessed are:

planned transition from on-grid to off-grid mode
BESS fault ride through capability in on-grid operation
stability of the BESS during on-grid disturbances
reactive transition to off-grid operation

off-grid black start

fault ride through in off-grid operation

system stability in off-grid operation

planned transition from off-grid to on-grid operation

10 RaaS Phase 1 Work Package 3 report ‘Request for Proposal - Functional Requirements for RaaS Controls, BESS and
Electrical Integration’

11 RaaS Phase 1 Work Package 3 report ‘Detailed Design for RaaS BESS & EMS’
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System Studies

To better understand the technical implications and requirements associated with integrating a RaaS scheme to
the existing electricity distribution network, a series of system studies was undertaken to model operational
performance. These included assessments of steady state performance and dynamic stability, evaluation of
transient inrush current phenomena and local black start, and protection and earthing requirements to ensure
safe operation of the scheme across all operational modes and transitions.

The key studies are summarised below. Where noted, these are available via the project website - https://ssen-
innovation.co.uk/raas - alternatively reports or further information can be requested from the Raa$ project team

- futurenetworks@sse.com.

‘Raas Sites Review and Technical Modelling Requirements’*?

This report captures the outcomes of an initial review of the potential project trial sites, and presents key
modelling requirements for simulating and analysing the performance of a RaaS scheme prior to design,
installation and commissioning phases of the project with recommendations for challenges which may be
encountered.

‘Network Model Development and Validation for RaaS Feasibility Studies - Drynoch, Kinloch and Mallaig
Distribution Networks’?

This documents the studies undertaken to technically assess the RaaS scheme through modelling of three
distribution network areas - Drynoch, Kinloch, and Mallaig. Detailed models for each of the three networks
have been developed and validated for different study types:

B steady state load flow studies for both grid following (i.e. grid-connected) mode and grid forming (i.e.
islanded operation) modes

B transient and dynamic frequency and voltage stability studies
B short circuit studies

The report presents the steady state and dynamic stability assessments simulating connection of a 3MW
BESS at each site to check for thermal overloads and ensure that voltages are within acceptable limits when
a BESS is connected to the network, and to evaluate the impact on prospective fault levels for each of the
selected sites to quantify the BESS short circuit fault level contribution required both for grid connected and
RaaS islanded operation.

‘Raas Site Energisation / PoW Switching Study - Drynoch’**

This study investigated whether use of a point on wave (PoW) switching device to achieve an optimum
switching point would mitigate any issues that may be associated with inrush currents caused by
energisation of the 33/11kV transformer under RaaS$ black start, with consideration to the proposed trial
network (comprising two long 11kV feeders with various three phase transformers, single phase
transformers, overhead lines and underground cables). Such PoW switching devices are more commonly
applied to limit the inrush current of a single transformer or a line.

2 RaaS Phase 1 Work Package 1 report ‘RaasS Sites Review and Technical Modelling Requirements’

13 RaaS Phase 1 Work Package 1 report ‘Network Model Development and Validation for Raa$S Feasibility Studies -
Drynoch, Kinloch and Mallaig Distribution Networks’

14 RaaS Phase 1 Work Package 3 report ‘RaaS Site Energisation / POW Switching Study - Drynoch’
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‘Modelling and Simulation Studies of Inrush Current Phenomena Associated with the Application of RaaS
Drynoch Distribution Network’®

This study presents the approach taken to modelling and simulation of inrush currents that could be
experienced by network assets during RaaS energisation of the 33/11kV transformer under local black start,
with consideration to the proposed trial network. Various operational configurations for energising the
network were considered, with results and key findings and technical recommendations presented.

‘Evaluation of Islanded Network Black Start Capability - RaaS Scheme’®

This report then evaluated the capability of the RaaS BESS scheme to deliver black start of the Drynoch and
Kinloch distribution networks. This used detailed simulation studies to assess the performance of the
selected sites, including evaluation of potential outages durations for customers during local black start,
optimal customer restoration sequences, and quality & continuity of supply on different loads. The report
concludes that the scheme can achieve successful black start and network restoration without exceeding
nominal operational values of the equipment on the HV or LV sides, but highlighted the need for further
investigations to evaluate the performance of network protection schemes with consideration to selectivity,
sensitivity and discrimination during different stages of the black start procedure.

‘Raa$ Protection Coordination Studies - Drynoch Distribution Network’’

This provides an in depth protection study for the RaaS trial site. Simulation analysis was used to evaluate
the coordination of the Over Current (OC) and Earth Fault (EF) protection schemes implemented on the
Drynoch network. This included assessment of the suitability of existing protection settings and further
requirements needed to maintain a sufficiently protected system when operating in the different RaaS
operational modes. The assessment appraises different fault types, symmetrical and asymmetrical, at key
locations for both grid connected and islanded operation.

‘RaaS Protection and Control Coordination Summary: Drynoch, Kinloch and Mallaig distribution networks’

This report provides a summary of the protection system assessment for three primary substation networks
under faulted conditions, and provides recommendations related to protection settings and RaaS concept
design relevant to application across different network topologies. The analysis included load flow
comparisons, fault level performance, and protection recommendations during RaaS grid connected and
islanded operation.

‘RaaS Protection Coordination Studies for Drynoch Distribution Network - Adaptation’

With the altered scheme configuration to incorporate a new earthing transformer (two earth connections
in parallel mode during grid connected operation), additional feeder and associated new switchboard
arrangement, it was of course necessary to re-run the protection studies for the site. WSP adapted the
original model accordingly to provide results relevant to the trial scheme to be implemented, and
incorporating detailed BESS settings confirmed by the supplier to accurately analyse the BESS fault level
contribution. This information was used to inform the group protection settings required in each mode of
Raa$S operation.

‘Drynoch Protection Commissioning and RaaS SAT’

Following Site Acceptance Testing with further investigation and assessment by the SSEN protection team,
the protection settings have been confirmed and finalised.

15 RaaS Phase 1 Work Package 3 report ‘Modelling and Simulation Studies of Inrush Current Phenomena Associated with
the Application of RaaS Drynoch Distribution Network’

16 RaaS Phase 1 Work Package 3 report ‘Evaluation of Islanded Network Black Start Capability - RaaS Scheme’
17 Raa$S Phase 1 Work Package 3 report ‘RaaS Protection Coordination Studies - Drynoch Distribution Network’
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Broader Scheme Development Considerations

This document focuses on the aspects of system delivery specifically related to installing and integrating the trial
RaaS scheme to provide local resilience to the DNO network.

In common with all new energy assets connecting to a network, broader scheme development considerations
and prerequisites were applicable to the project. While these are required for all schemes, and not solely linked
to the application of Raa$, the ‘standard’ activities and processes for accepting the BESS onto the network and
delivering the project trial scheme included:

B secured land rights - ownership, land lease, wayleaves, etc.
B planning consent - appropriate authorisation/acceptance obtained from the relevant Planning Authority

B import/export connection agreements - standard application to the DNO, for the project trial scheme this
included inc. subsequent submission of Gate 2 evidence under the Connections Reform®® process - at
present the RaaS BESS has an import connection which allows the BESS to charge in grid connected mode
but only export under islanded mode (with power only provided to the local 11kV network and no
connection with the higher voltage network), the scheme is in the connection queue for generation/export
capability

B BESS G99 commissioning
B BESS metering & supply contact
B compliance with health and safety guidance for grid scale electricity storage®®

B compliance with guidance and codes of practice for the design, installation, commissioning, operation and
maintenance of an electrical energy storage system?®

B engagement with the local Fire Service - a particular requirement for utility scale BESS schemes?!

B all aspects associated with construction and/or working within a substation environment, including
B F10 notification
B CDM Regulations?
B SHE (safety, health and environment) compliance

B appropriate supervision, authorisations & competencies for the specific aspects of the work being
carried out

B site inductions
B RAMS (Risk Assessments and Method Statements) for all aspects of work

B POWRAs (Point of Works Risks Assessments

18 NESQO’s Connections Reform project to bring changes to the connections process which address prior challenges
www.nationalgrideso.com/industry-information/connections/connections-reform

19 Grid scale electrical energy storage systems: health and safety, Department for Energy Security and Net Zero, April 2024
20 Code of Practice for Electrical Energy Storage Systems, 3rd Edition, IET, 2024
21 suidance includes:

- National Fire Chiefs Council (NFCC) - Grid Scale Battery Energy Storage System planning - Guidance for FRS, Nov 2022

- Fire Protection Association - Need to Know Guide - RE1: BESS Commercial Lithium-ion Battery Installations, Dec 2022

- Fire Protection Association - Need to Know Guide - RE2: Lithium-ion Battery Use and Storage, Jan 2023

22 obligations and responsibilities assighed to various parties in the construction process under the Construction (Design
and Management) Regulations 2015 (CDM 2015) in the UK www.hse.gov.uk/construction/cdm/2015/index.htm
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These broader aspects of scheme development also factor into the commercial aspects of RaaS. Project
Deliverable 5 (PD5) ‘Supply Chain Engagement - Commercial Framework’?® sets out a proposed commercial
strategy for RaaS as developed through engagement with the potential supply chain. This considers routes to
market for the future introduction and roll out of RaaS to UK distribution networks, including a proposed tender
process which acknowledges alignment with wider aspects of scheme development. The aim of the commercial
development work within the RaaS project is to create a product which optimises benefit across all parties - a
solution which is attractive to potential RaaS Service Providers (RSPs), and beneficial and cost effective for DNO
customers.

23 PD5 ‘Supply Chain Engagement - Commercial Framework’
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Testing and Commissioning

This section gives overview of the testing and commissioning activities undertaken to evidence system
performance and safe interaction of the RaaS scheme with the DNO network.

This document focuses on activities specifically related to the application of RaaS. Delivery of the trial scheme
has also required a range of activities that would be ‘standard’” for a DNO or a BESS developer, such as
switchboard commissioning for conventional network operation, and G99 protection commissioning for a BESS.
As those would be required for any such installation and familiar to those involved in scheme development, this
document sets out adaptations for RaaS, e.g. non-standard DNO switchboard protection settings, BESS/RSP
‘standard adapted for RaaS’ and ‘Raa$S only’ aspects of the BESS/EMS specification/configuration, BESS-to-DNO
network interfaces, and system commissioning activities.

An overview of the different stages of testing and commissioning is given to provide context, followed by detail
which signposts the accompanying documents and material created in progressing through the acceptance
testing and commissioning of the pilot RaaS scheme.

Overview of RaaS Testing & Commissioning Activities

FAT (Factory Acceptance Testing) and SAT (Site Acceptance Testing) are important in the development of new
technologies and solutions to ensure that equipment and systems function correctly and meet specifications.
FAT assures correct manufacturing and verifies performance and compliance of the equipment prior to delivery.
SAT confirms correct integration and operation with other systems onsite. These progressive stages of testing
allow issues to be identified in a timely manner prior to more involved stages of testing, and full integration with
live operational assets. This both supports development of the technology and reduces risk at each stage - each
being key for systems designed to provide automated control functionality to electricity distribution networks.
The FAT and SAT stages for both the DNO RaaS Controller and RaaS BESS are described in the sections below.

Beyond conventional asset commissioning activities, the RaaS commissioning schedule was formed to validate
the scheme’s design and technical operation on site and ensure safe interaction with the DNO network ahead of
trial operation.

Ensuring and evidencing safe operation of the RaaS scheme, including the operation of earthing and protection
schemes throughout all RaaS modes of operation, is fundamental and required collaboration and input from all
involved in the planning and delivery of the RaaS scheme.

Commissioning needed to prove:

B appropriate and correct application of the DNO network protection settings (conventional gird operation,
RaaS islanded operation, and transitions between the two)

appropriate design & application of the logic within the DNO Raa$S Controller

appropriate design & application of the logic within the RaaS BESS EMS

communication between the DNO RaaS Controller and the RaaS BESS EMS

communication between the DNO RaaS Controller, DNO SCADA system and DNO Control Room
communication between the RaaS BESS EMS and BESS PLC

the BESS inverter response (including fault level contribution)

RaaS operation and transition between the different modes of operation

Raa$ response to network faults/disturbances (33kV and 11kV)

N
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The work therefore required:

installation & integration of all associated components

application of new protection settings and commissioning of the 11kV switchboard for integration of RaaS
commissioning of the DNO Raa$S Controller and Common Services Panel (CSP)

commissioning of the BESS, BESS EMS, and G99 protection

commissioning of full RaaS operation, including transitions between operating modes and local black start

fault level contribution tests for various network fault scenarios

The commissioning plans were informed by prior scheme design and development work, network studies, and
Factory Acceptance Testing activities associated with both the DNO and BESS aspects of the RaaS system.
Commissioning was scheduled in distinct stages, as set out in the Raa$ Site Commissioning Schedule box below.

The detailed ‘RaaS Commissioning Test Schedule’ for site acceptance testing is available on request to the
project team - futurenetworks@sse.com.

RaasS Site Commissioning Schedule

Stage 1a - DNO side

The initial stage of DNO side commissioning covered all activities required to return the substation
to conventional configuration & operation - i.e. two 11kV feeders fed by the incoming 33kV line.
This was vital as the substation had been under outage to replace the DNO switchboard, with
customers supply by backfeeds with temporary generation for voltage boosting and back up.
Many potential RaaS sites would not require switchboard replacement to apply RaaS, however this
was a requirement for the trial site being within the substation compound.

All commissioning activities were undertaken in accordance with SSEN standards.

= 11kV switchboard - TR1 CB and both 001 & 003 feeder CBs energised with standard protection
settings

= 2 x 110V batteries (1 x 110V DC battery for the Protection Panel and 1 x 110V DC batteries for
Raa$S and the Common Services Panel)

= 1 x48V battery

= TR1 combined Protection & AVC Panel

= comms to the Control Room via the new RTU & RTS panel - for standard substation operation

= the new cable between the switchboard and TR1

Stage 1b - DNO side

The subsequent stage of DNO side commissioning allowed for connection of the BESS and
integration of RaaS$ to the network.

Again all commissioning activities were undertaken in accordance with SSEN standards.

= 11kV switchboard - incorporating group settings for connection of the BESS and integration of
Raa$

= DNO RaaS Controller and Common Services Panel commissioning

= SCADA end-to-end checks

= interface wallbox

= BESS interface verification

= primary injection testing - VT/CT checks including pre-energisation load testing

= secondary injection testing - protection & control checks

= DNO RaaS Controller configuration & comms
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Stage 2 - BESS connection and G99 testing

Validating the BESS installation - these include the standard activities necessary to commission a
BESS scheme and were carried out in accordance with original equipment manufacturer
requirements, DNO requirements, etc.

= physical checks to ensure that BESS components, such as inverters, battery modules and
controllers, are securely mounted and connected

= BESS HVAC commissioning

= 11kV cable pressure testing

= (G99 protection commissioning

= BESS & BESS EMS commissioning

= comms & data exchange testing

= fire detection, suppression and alarm systems

Stage 3 - Full RaaS Scheme - no customers connected
This stage also required an outage with customers supply by backfeeds and temporary generation
for voltage boosting, together with loadbanks at the substation to replicate customer demand.

= Common Services Panel - for integration of Raa$S
= DNO switchboard commissioning with RaaS protection settings files
= comms to the Control Room via the new RTU - for integration of RaaS
= Connection of the BESS and import testing
= interface functional checks
= RaasS testing in islanded mode
= RaaS and BESS testing in parallel operation
= reactive power support
= voltage control mode
= RaasS transitions with no customers connected - using loadbanks
= planned transition of BESS to islanded mode
= unplanned transition to islanded mode
= RaaS black start with no customers connected - using loadbanks
= BESS fault level contribution tests - using spare 002 CB
= 3 phase to earth fault - 3 seconds and 1 second
= 1 phase to earth fault - 3 seconds

Stage 4 - RaasS transition and black start - with customers connected
Testing with full interaction with the distribution network.

= planned transition of BESS to islanded mode with customers connected
= RaaS$ black start with customers connected
= resynchronisation back to grid

The following subsections provides detail on the different stages of testing and commissioning for the BESS, DNO
RaaS Controller and full RaaS scheme, and set out the high-level results. Subject to standard commercial
confidentiality considerations specific commissioning reports can be requested by email to the project team -
futurenetworks@sse.com.
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DNO Raa$ Controller Factory Acceptance Testing

Factory Acceptance Testing for the DNO Raa$S Controller was undertaken at both SEL facilities in Reading and the
SSEN Distribution protection laboratory. The DNO Raa$S Controller FAT set up consisted of:

B the DNO RaaS Controller SEL platform:

SEL-3350 and SEL-2240
SEL-751 LOM relay
SEL-735 PQM

SEL-2730 Ethernet Switch

B two GE Prima relays simulating TR1 and CO1 circuit breakers

B atestjig for indications and signal simulations

B asecondary injection test set - OMICRON 356

Figure 9 gives a diagram representing the system configuration for DNO Raa$S Controller FAT.

Testing was carried out in accordance with the ‘Raa$S Algorithm Test Schedule’ prepared by the SSEN Distribution
RaaS$ project team and SEL.

PQ METER - SEL-735
[ ETHERNET SWITCH SEL-2730

M ATATATAATATATA PRIMA RELAY - C01CB  PRIMA RELAY - TR1 CB
T s slataaiataats Rl M- , ~

ETHERNET Connections

STATUS INPUTs AND OUTPUTs

RAAS CONTROLLER SEL-3350 & SEL-2240
" i

STATUS AND OUTPUT TEST JIG

g
00

Figure 9 - DNO RaaS Controller FAT setup

The tests were carried out over two one-week periods. Table 3 provides a summary of the tests conducted and
results observed. Full test results are captured in the ‘RaaS Algorithm FAT Results’ document.
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Table 3 - DNO RaaS Controller FAT overview

\[eB Test Item ‘ Test Outcome Results/Comments
e Implementation of settings and timers | Pass All settings and timers
implemented correctly
2 Default settings Pass All settings implemented
correctly
3 Hardwired connections to the DNO Pass
RaaS Controller
3.1 Hardwired inputs to the DNO Raa$ Pass An initial issue was addressed
Controller, LOM SEL-751 and PQM moving IN101 to IN402 on SEL-
SEL-735 3350 - all inputs passed at 81
VDC
3.2 Hardwired analogues to the DNO Pass All values passed at Nominal
RaaS Controller, LOM SEL-751 and and 30% of Nominal
PQM SEL-735
33 Hardwired outputs to DNO Raa$ Pass TR1 group 2 settings and
Controller, LOM SEL-751 and PQM B1_CB_Close were initially
SEL-735 implemented but removed as
not used
4 DNO Control Room indications and Pass
alarms implementation to the DNO
RaaS Controller
4.1 DNO Control Room commands to Pass - SCADA test Initial issues were resolved by
DNO RaaS$ Controller changing all commands to
Operate Close Pulse and
setting all commands to active
at start up
4.2 DNO RaaS Controller alarms and Pass - SCADA test RaaS Transition added to
indications to the DNO Control Room SCADA DNP3
Quality flags for each alarm
required at start up
5 RaaS Enable command Pass
5.1 Raa$S Enable command response Pass Tested under various
conditions including:
BESS_En/Dis =0
BESS SoC < 5%
RaaS_RunT_lIsland < 15
B1_CB status open
5.2 RaaS Disable command response Pass
6 BESS grid parallel mode simulation Pass
6.1 Real power import limits Pass successfully detected
exceedance of Limit 1 and
Limit 2 for specific time and
powerfactor
6.2 Export limits check with Export Pass successfully detected
Disabled exceedance of Limit 1 and
Limit 2 for specific time and
powerfactor
6.3 Export limits check with Export Pass successfully detected
Enabled exceedance of Limit 1 and
Limit 2 for specific time and
powerfactor
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6.4

Reactive power import limits without
Q setpoint

Pass

Tested under various
conditions
BESS Q export too low
BESS Q export too high

6.5

Reactive power import limits with Q
setpoint

Pass

Tested under various
conditions:
BESS Q export too low
BESS Q export too high

33kV fault transition simulation

Pass

33kV fault with RaaS Enabled and no
11kV fault

Pass

Indication and alarms detected
in correct order and time delay

7.2

33kV fault with RaaS Enabled and
11kV fault

Pass

Indication and alarms detected
in correct order and time delay

7.3

33kV fault with RaaS Disabled

Pass

Indication and alarms detected
in correct order and time delay

Detecting stable/unstable island
operation

Pass

Tested under various
conditions:
voltage above the limit
voltage below the limit
frequency above the limit
frequency below the limit
unstable frequency
B1 fuse failure

Grid healthy detection

Pass

Tested under various
conditions:

voltage and frequency within

limits

voltage intermittent

voltage limits

frequency limits

TR1 fuse failure

10

RaaS islanded mode simulation

Pass

10.1

Detecting healthy voltage

Pass

Tested under:
re-synch enabled
re-synch disabled

10.2

Raa$ Disable command response

Pass

Tested under:
re-synch enabled
re-synch disabled

10.3

BESS SoC below minimum state of
charge

Pass

Tested under:
re-synch enabled
re-synch disabled

10.4

BESS RunT_Island below minimum
run time

Pass

Tested under:
re-synch enabled
re-synch disabled

10.5

TR1_CB closing

Pass

Tested under:
re-synch enabled
re-synch disabled

11

Re-sync back to grid transition

Pass

Tested under various
conditions:
lack of response from BESS
BESS_Ready_To_Sync
TR1_CB failed to close
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12 Raa$S Stop process Pass Tested under various
conditions:
successful BESS power down
unsuccessful BESS power

down
13 Unplanned islanded operation via Pass
black start
13.1 Identifying for blackout conditions Pass Tested under various
conditions:
voltage lower than 1 kV
TR1 fuse failure
B1 fuse failure
RaaS Disabled
14 Transition to islanded operation via Pass
black start
14.1 Successful transition to islanded Pass Various conditions tested

mode with TR1 closed (TR1 opened
for transition)

14.2 Successful transition to islanded Pass Various conditions tested
mode with TR1 open
14.3 Unsuccessful transition to islanded Pass Various conditions tested
mode - TR1 failed to open
15 Planned transition to islanded mode Pass
(command from DNO Control Room)
15.1 Planned islanded mode operation Pass Tested under:

all conditions met
RaaS Disabled

11kV fault detected
15.2 Planned transition to island mode Pass Tested under:
operation BESS_Planned_Island

command not received
TR1 CB fails to open

During FAT a number of issues were identified both with the design of the algorithm and its implementation to
the DNO RaaS$ controller platform. The required modifications were recorded and documented in the RaaS
algorithm and 1/0 datapoint list with version control, and subsequently implemented on the SEL platform with
revision control.

This highlights the value of FAT in supporting development of a technology and reducing risks for further stages
of testing and application to site.
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DNO Raas Controller Site Acceptance Testing

Site Acceptance Testing was conducted at the RaaS project trial site of Drynoch primary substation on the Isle of
Skye. The System Description and Specification section of this document describes the connection and
integration of the RaaS BESS with the DNO network.

Figure 10 provides a single line diagram representing the system configuration for SAT of the RaaS BESS. TR1 is
the CB from the 33/11kV transformer to the busbar, BB1 is the CB between two bus sections, 001 and 003 denote
the 11kV feeders supplying customers from Drynoch primary substation, CO1 is the 11kV BESS CB, ET1 connects
the earthing transformer required for transition to islanded mode, and 002 is a spare feeder which was used to
connect the loadbank set and for subsequent testing activities such as earth faults to test BESS fault level
contribution.

r-———=-=- i ______ 1
| DNO Raas Controller |
[ | !
[ LOM PQM RTAC
|| sEL-751 SEL-735 SEL-3350
I ) K
BESS EMS
33 kV Main Busbar
1HO
2.5 MVA TR1
TR1
| [
'||_ I LHS Isolator(_|II RHS Isolator(_|II '“_ I ! |||_ I
002 ST ) | SRR x 001 V] P S
: Bu s(BIgapler
Spare Drynoch MBeuarﬂIe

Figure 10 - SAT Single Line Diagram

The DNO RaaS Controller SAT consisted of:

B commissioning the Common Service Panel (CSP) and signals between CSP and 11kV switchboard
B validating signals between CSP and BESS

B validating DNO RaaS Controller communication with the substation RTU and DNO Control Room
B validating operation of the RaaS algorithm

B confirming required monitoring of BESS operation
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Figure 11 shows the Common Services Panel incorporating the Operational Trip Relay and DNO Raa$S Controller.

Figure 11 - Common Services Panel with Operational Trip Relay and DNO RaaS Controller

Detailed commissioning tests and results from the RaaS SAT are captured in the ‘RaaS Commissioning and SAT
Results’ and ‘RaaS Fault Level Test Results’ documents. A summary of the tests and results is given in Table 4.
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Table 4 - Common Services Panel and DNO RaaS Controller SAT overview

\[o} Test Item Test Outcome Results/Comments
1 CSP wiring modifications Pass Local RaaS$ Disable switch
added
Isolators status added to OTR
TR1 status added to SEL-751
BB1 status added to SEL-3350
C01 Close removed
2 CSP wiring check Pass Unused signal wiring removed
3 CSP signals to 11kV switchboard Pass
3.1 CSP to CO1 connection Pass
3.1.1 CSP to C01 Group 2 signal Pass
send/remove
3.1.2 CO1 trip Pass Tested
with link LK19 in place
with link LK19 removed
3.1.3 C01 CB closed/open status Pass “a” and “b” contacts
3.2 CSP to BB1 Pass
3.2.1 CSP to BB1 Group 2 signal Pass
send/remove
3.2.2 BB1 CB closed/open status Pass “a” and “b” contacts
3.3 CSP to TR1 Pass
3.3.1 CSP to TR1 Group 2 signal Pass
send/remove
3.3.2 TR1 trip/close Pass Tested:
with link LK18 in place
with link LK18 removed
3.33 TR1 CB closed/open status Pass “a” and “b” contacts
3.4 Feeder Group 2 signal Pass
3.4.1 Feeder 001 send/remove Pass
3.4.2 Feeder 002 send/remove Pass
3.4.3 Feeder 003 send/remove Pass
35 OTR1 and OTR2 Pass
3.5.1 Status from BB1, TR1 and ET1 Pass CB and Isolator switches
3.5.2 Trip signals to C01, 001, 002, 003 Pass Trip relays replaced with Prima
relays for improved
performance
4 CSP to BESS EMS connection Pass
4.1 Permit islanded mode signal from Pass Interface with BESS EMS
DNO RaaS$ Controller to BESS
4.2 VT and CT connection to BESS Pass Interface with BESS EMS
4.3 CO01 Trip from BESS EMS Removed as not required
5 ET1 commission and CT installation Pass 3 core cable used for auxiliary
supply - to be replaced
6 SCADA Test Pass
6.1 DNO Control Room Commands Pass
6.2 Alarms and Indications to the DNO Pass Name changes for some
Control Room alarms and indications
requested by the Control
Room for clarity
6.3 Analogue measurements Pass Deadband changed to reduce

data (Frequency, Q and V)
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The subsequent tests relate to RaaS scheme commissioning with the DNO Raa$S Controller interfaced with

the BESS EMS - please see the BESS Site Acceptance Testing section of this document for further detail.

7 BESS operation in grid parallel mode Pass Inverter stability issue
detected
7.1 DNO RaaS Controller P and Q checks | Pass Polarity changed
Inverter issues caused RaaS to
trip CO1 for exceeding export -
represents correct operation
of the DNO RaaS$ Controller
Inverter issue addressed
7.2 DNO RaaS$ Controller V checks Pass Lower limit changed as site
runs with low voltage target
8 BESS operation in islanded mode and Pass
RaaS transitions
8.1 Raas black start Pass Initial test failed as BESS
Enabled/Disabled status from
the BESS EMS was not received
by the DNO Raa$ Controller -
modification required
Subsequent test successful
8.2 Planned transition to islanded mode | Pass Successful but significant
(on command from DNO Control voltage step change detected -
Room) further investigation required
to understand why
8.3 Resynchronisation back to grid Pass Successful but frequency
feedback not working properly
- addressed by Encorp
Modification requested by the
Control Room to set synch-
check to disabled by default
8.4 33kV fault simulated Pass 33kV CB opened to simulate
blackout
9 BESS fault level contribution Pass / Fail
9.1 3 phase earth fault Pass Results as expected - 330 A for
3 secs
9.2 3 phase earth fault with fault Pass Results as expected - 330 A for
clearance 1 sec - BESS recovered after
fault was cleared
9.3 single phase earth fault Fail Fault level of 500 A achieved as
expected but inverter
shutdown after 170 ms
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BESS Factory Acceptance Testing

Factory Acceptance Testing was undertaken at Loccioni facilities in Angeli di Rosora, Italy. The facility has a
microgrid that can operate in grid connected or islanded mode. The microgrid has two battery energy storage
systems that were used to simulate islanded mode loads. BESS functionality was tested with four racks of
batteries and one Power Conversion System (PCS) which comprises of two inverters.

The FAT consisted of phased tests - pre-connection, post connection, on-grid and off-grid - each described below.

The test procedure was compliant with the following relevant standards:

IEC 62933-2-1: Electrical energy storage (EES) systems - Part 2-1: Unit parameters and testing methods -
General specification

IEC 62933-5-2:2020: Electrical energy storage (EES) systems - Part 5-2: Safety requirements for grid-
integrated EES systems - Electrochemical-based systems

IEC 60364-6: Low voltage electrical installations - Part 6: Verification

IEC 60664-1: Insulation coordination for equipment within low-voltage supply systems - Part 1: Principles,
requirements and tests

Figure 12 gives a Single Line Diagram representing the system configuration for FAT of the RaaS BESS. FCO
denotes the FAT LV grid synchronising circuit breaker (CB), and FC4 the FAT LV CB to the BESS.

Grid Connection

>l< Fca

Figure 12 - FAT Single Line Diagram

The electrical test setup for the FAT comprised four racks of 16 battery modules as illustrated in Figure 13. This
gave an available power of 375kW, suitable for functional testing using one PCS.

>|< FC4

(Inverters)

X
@ PCS
X
Battery
Racks

2

i
i

55

Figure 13 - FAT Test Setup
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FAT Pre-Connection Tests

Pre-connection tests were undertaken to ensure electrical safety, compliant assembly, no manufacturing defects
and communication between individual components. Tests included:

B visual inspection

B electrical safety tests

B hardwired I/O tests

B  DNP31/0 tests

B emergency systems tests
B auxiliary device tests

B Dbattery tests

B communications tests

FAT Post Connection Tests

Tests were undertaken post connection to verify that the procedures and functionality of the State Machine
corresponded to scheme design, before then testing active power exchange. Table 5 sets out the State Machine
test items and outcomes for this post connection testing.

Table 5 - FAT State Machine verification

No. Test Item Test Outcome \
1 Power Off Pass
2 Disconnected Pass
3 Connected Pass
4 Run CSI Pass
5 Run VSI Pass
6 Alarm status Pass

FAT On Grid Tests

Multiple real power (P) and reactive power (Q) setpoints and system reponses were tested in on grid mode
through PQ capability tests. Table 6Table 5 outlines these tests.

Table 6 - FAT on grid tests overview

\[eB \ Test Item Test Outcome

1 PQ capability test Periodic oscillation of the
setpoint to 0 observed, likely
due to loss of a communication
with the inverters.

2 System response test, Pass
step response time and
ramp rate
3 Round trip efficiency test | Pass
4 Available energy test Pass
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FAT Off Grid Tests (islanded mode)

Transitions to and from on grid to off grid modes of operation and functionality in off grid operation were tested.
Table 7 outlines the off grid tests run.

Table 7 - FAT off grid tests overview

No. | Testltem Test Outcome ‘
1 CSI/VSI transition Pass
2 Islanded mode transition Pass
3 Off grid frequency Pass
regulation
4 Off grid voltage regulation Pass
5 Black start Pass
6 Synchronisation Pass
7 Control systems fault Pass
conditions

Summary of FAT results

Factory Acceptance Testing was successful with the vast majority of tests passing. Further investigation was
required for on grid connected PQ capability tests and was investigated prior to the Site Acceptance Testing
phase at the project trial site.

BESS Site Acceptance Testing

Site Acceptance Testing was conducted at the Raa$ project trial site of Drynoch primary substation on the Isle of
Skye. A Single Line Diagram representing the system configuration for SAT of the RaaS BESS is given in Figure 10
in the DNO RaaS$ Controller Site Acceptance Testing section of the document.

As with the BESS FAT, the SAT consisted of phased tests - pre-connection, post connection, on-grid and off-grid -
described below.

SAT required an outage of the substation for initial aspects of system commissioning without risk to customer
supplies. To facilitate this, customers were supplied via back feeds with temporary generation for voltage
boosting. A loadbank set at the substation was used to replicate customer demand. The loadbanks also allowed
discharge power to be tested to 950 kW. This was a key as at present the scheme does not have a connection
agreement to be able to export to grid in grid parallel mode (export is only possible in islanded mode).

Information on the BESS scheme installed for the RaaS trial is given in Table 8.
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Table 8 - BESS datasheet

Iltem Specification

Connection

3 phase 11 kV

Available power

3000 kVA, circular P/Q capability

Available Energy

3000 kWh

Number of PCS

2x 1.5 MVA

installed

Number of battery rack |2 x 16 (32 in total)

SAT Pre-Connection Tests

Pre-connection tests similar to the FAT tests were undertaken to verify equipment following transportation and

to include site installed auxiliary equipment. The tests run are set out in Table 9.

Table 9 - SAT pre-connection tests

No. Test Item
1 Visual inspection

Results/Observations

Positive however with some observations noted for completion
(e.g. signage & labelling, pipe and cable penetration sealing). All
points subsequently addressed.

2 1/0 tests

Hardwired and communication bus 1/0 signals verified at the
BESS PLC.

3 Emergency tests

e Emergency stop
e Firealarm

e Transformer relay

All the breakers correctly opened in response to an emergency
alarm.

The emergency alarm could be reset through the dedicated
button on the BESS control cabinet door.

The BESS transformer trip signal was connected to the BESS LV
circuit breakers (rather than HV circuit breakers) as this was
deemed preferrable due to use of a dry type transformer for the
BESS.

The fire extinguishing system discharged. Nitrogen cylinders
require refilling and recommissioning.

A fault was identified with the transformer relay faulty and so
the relay was replaced (this issues the trip signal).

4 Auxiliary device tests

The auxiliary devices worked correctly except for:
- 12V power supply for HVAC external units
- 24V power supply in the inverter Aux cabinet

The faulty power supplies were replaced, with spare capacity
used for testing until replacements were available.

5 Battery tests

Installed and tested as per battery supplier LG requirements.

6 Communications tests

All communications were working as expected except for two

outstanding points:

- the PCS container HVAC units, due to the 12V power supply
failure noted above with communications restored once the
faulty 12V power supply had been replaced

- a disturbance in the communication with the inverters - this
resulted in short but significant fluctuations in the power
exchange from the BESS occurring several times over the
course of each hour of test operation

As noted in the SAT On Grid Tests section below, this was
investigated following SAT and a resolution applied.
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7 G99 commissioning test Standard G99 commissioning tests with results captured in the
associated test documentation and certification.

8 BESS protection settings Verified that the BESS LV breakers (FCB10101 & FCB20101) did
not trip and the 11kV CB (C01) did trip during the fault level
contribution tests.

9 BESS EMS / DNO RaaS Some initial adjustment was required however communications

Controller between the BESS EMS and DNO Raa$S Controller were verified
communications with correct signals exchanged.

SAT Post Connection Tests

Prior to the exchange of power, the BESS control State Machine was verified. Table 10 provides an overview of
the test items.

Table 10 - SAT State Machine verification

No. \ Test Item Test Outcome \
1 Power Off Pass
2 Disconnected Pass
3 Connected Pass
4 Run CSI Pass
5 Run VSI Pass
6 Alarm status Pass

To ensure safe operation of the scheme circuit breakers and switches to control equipment have permitted
positions based on the current state of the State Machine. Switch positions were verified for each state as below.

Alarm

B ESScircuit breakers (FCB10101, FCB20101) open

B DC breakers (FCB10103, FCB20103) open
Power Off

B ESScircuit breakers (FCB10101, FCB20101) open

B DC breakers (FCB10103, FCB20103) open

B 24V supply of BMS and PCS open (switched off) - BSC, BESS PLC, BESS EMS and network will remain on
Powering On

B ESS closes 24V supply of BMS and PCS and, if ok, moves to ‘Disconnected’ state
Disconnected

B ESScircuit breakers ((FCB10101, FCB20101) open

B DC breakers (FCB10103, FCB20103) open

B 24V supply of BMS and PCS closed (switched on)
Powering Off

B ESS turns off 24V supply of BMS and PCS and, if ok, moves to ‘Powered Off’ state

Connecting (a pre-charging phase for the power capacitors before the inverters are connected to the
battery via the DC breakers)

B close pre-charge contactors (KPC)
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B wait for DC pre-charge

B close DC breakers

B open pre-charge contactors

B close ESS circuit breakers
Connected

B ESS circuit breakers closed

B DC breakers closed

B PCSis notrunning
Disconnecting

B open ESS circuit breakers

B open DC breakers
Run CSI

B ESS exchanges power with grid and connected load; functionalities of on grid mode (e.g. participation
in other markets) can be activated

Run VSI

B ESS exchanges power with connected load in islanded mode; functionalities of off grid mode can be
activated

Black Start

B the PCSisset to VSI mode and then performs a voltage ramp in order to energise the local 11kV network
while avoiding inrush currents

Resetting Alarms

B openalarms must be reset manually - once all alarms are cleared the ESS restores to the ‘Disconnected’
or ‘Powered Off’ state (depending on whether the reset had required a PCS shut down) the BESS system
management operator can then instruct the system to ‘Connect’, either remotely via the BESS remote
monitoring system or locally using the BESS engineering station

The State Machine was verified to be working correctly.

Further post connection tests identified a number of issues which could each be resolved on site, as summarised
below:

issues with multiple PSU modules were identified and investigated to establish that some cables had not
been adequately torqued resulting in loose connections caused electronics fault - this was rectified on site

an issue with the fibre cable connection between the Encorp controls cabinet and DNO RaaS Controller was
found, requiring a new cable to be sourced and replaced quickly to avoid disruption to the commissioning
test plan

anissue with VPN integration (Loccioni / Encorp) related to system addressing within Modbus maps required
the addressing to be corrected on site, using the BESS engineering station which provides visibility of the
address nomenclature

the SSEN Control Room Engineers requested visibility of the BESS LV CB statuses as additional datapoints in
the DNO DMS - this was added to the DNP3 map and DNO DMS template
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B modifications to Modbus map parameters were also required to rectify control issues with the battery
container HVAC, with system alarms reconfigured to remove a low humidity alarm, as low humidity is
required within the container

SAT On Grid Tests

On grid tests validated BESS performance for grid connected conditions. As these tests were run during an
outage (no customers connected), a loadbank set at the substation was used to replicate customer demand. The
loadbanks allowed discharge power to be tested to 950 kW. Table 11 provides an overview of the tests
conducted for on grid operation.

Table 11 - SAT on grid tests overview

No. @ Test ltem Test Outcome Results/Comments
1 PQ capability test Periodic oscillation of the | Loadbanks were used to test export PQ
inverter power setpoint. capability to 950kW. This is shown in Figure 14.

The issue of periodic oscillation of the inverter
power setpoint observed during FAT was also
seen on site. During long power exchange
periods periodically the power suddenly drops
to 0 and then rises back to its previous value.
The duration of each event was less than 1
second. This dip can be seen in Figure 15.

2 PQ capability test Pass, no disturbance This PQ capability issue was investigated
following observed during retest including additional laboratory tests which
communications period. demonstrated that it was not an inverter
update firmware issue. Rather, this behaviour was due

to a short loss of communication to the

inverter. The resolution identified was to:

- increase the inverter communications
watchdog timer

- apply a direct ethernet connection between
the inverter and control PLC to improve real-
time communications (remove potential
communication delays through bypassing
intermediate network switches)

A further site visit was made to apply these
adaptations. The disturbances have not been
witnessed during subsequent retesting.

3 Voltage Harmonic Pass Harmonic measurement was performed on the
measurement CO1 CB using SSEN instrumentation.

Voltage harmonics resulted to be acceptable in
all cases - voltage THD <2%.

4 Current Harmonic Pass Harmonic measurement was performed on the
measurement CO1 CB using SSEN instrumentation.

Current harmonics in on grid mode (grid
parallel operation) were THD ~10% at 30%
nominal power.

In contrast, in off grid (islanded) mode the
current THD was around 2%.
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Further investigation into current harmonics is
required to understand this difference and
whether the harmonics can be reduced.

Detail on these observations is provided in the
‘RaaS SAT PQM Results’ document.
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SAT Off Grid Tests (islanded mode)

Off grid tests validated the BESS performance under simulated islanded mode conditions. Table 12 provides an

overview of the tests conducted for off grid operation.

Table 12 - SAT off grid test overview
No. TestItem

1

CSI/VSI transition

Test Outcome
Pass

Results/Comments

This tested the transition of the inverter
control mode from grid following (CSI - current
source invertor) to grid forming (VSI - voltage
source invertor). This transition is the
response to the Loss of Mains (LOM) signal
(‘On’ = VSI, ‘Off’ = CSl). This performed
correctly each time the system executed an
islanding or resynchronising transition during
the suite of commissioning tests.

Islanded mode
transition

Pass with further
investigation

The transition to islanded mode consists of
switching to grid forming mode (when LOM
signal ‘On’) and opening the TR1 circuit
breaker. Again each transition progressed
successfully, with one anomaly:

- a step in voltage was experience during
transition to islanded mode, this was found to
be due to the voltage setpoint of the inverter
not having been correctly preloaded before
the transition.

The resolution for this is a modification for the
master control loop to track the slave output
when not in cascade control mode.

Off grid frequency
regulation

Pass

Off grid frequency regulation was successfully
tested by step changes of active and reactive
load.

Off grid voltage
regulation

Pass

Off grid voltage regulation was successfully
tested by step changes of active and reactive
load.

VSl parallel

Pass

VS| was enabled for a short duration of on grid
mode testing (loadbanks replicating customer
demand). This verified the BESS protection
settings which at present must not allow
export to grid when grid connected (export
only in islanded mode).

Local black start

Pass

Black start was successfully performed with
voltage ramp duration of 100 ms.

Synchronisation

Pass

Resynchronisation to grid in response to a
command from the DNO Raa$S Controller was
completed successfully.

Earth fault
conditions

3 phase to earth fault -
Pass

Single phase to earth fault
- requires further
investigation

Inverter behaviour in response to earth faults
was tested under three different conditions as
described in the System Description and
Specification section of this document.

The inverters responded correctly to the 3
phase earth faults - providing the correct level
of fault current for 3 seconds before tripping
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the BESS CB. However, for the single phase
earth fault the correct level of fault current
was provided but only for 170 ms before
tripping the BESS CB.

A retest with high speed parameter tracing
enabled within the inverter has been
proposed. Once the issue is understood and a
resolution proposed by the inverter
manufacturer, this can be applied at site with
further testing to verify resolution.

Conclusions and Next Steps

The focused period of detailed BESS commissioning and RaaS system testing on site in July demonstrated
successful operation of many aspects of the RaaS scheme, however a number of points required further
investigation and assessment to ensure correct operation of the whole system - this reflects the novel nature of
the technology being put in place.

The project team have subsequently worked on the outstanding points, with modifications applied and tested
on site to demonstrate successful resolution of certain aspects. Additionally, as the DNO RaaS Controller and
BESS EMS are fully connected and interfaced, real-time monitoring and control signals can be viewed by the
project team. It is clear from the data logs that the system has correctly identified network situations where a
RaaS response should have been initiated, and provided corresponding control signals accordingly. Whilst the
BESS is not enabled to respond at the current time, subject to further electrical testing, this evidences the real
world response of the resilience control systems developed through the project.

Further tests will be used to evidence other aspects of system performance ahead of system handover for trial
operation.

Once operational, the RaaS trial scheme will be used to evaluate the technical capability and performance of the
RaaS scheme on a live network. If successfully demonstrated through the project, this approach would provide
a solution to increase security of supply in remote areas, and within urban networks and other DNO regions.
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Key Delivery Challenges

This section summarises key delivery challenges experienced during construction, installation and testing &
commissioning of the pilot RaaS scheme. It is specifically aimed at others delivering innovative projects or new
solutions for electricity network operation within the energy sector.

» It can be noted that the challenges here relate to installation and integration of the pilot RaaS scheme which

is located within a DNO substation compound, and with fixed project governance timeframes.
Future schemes capable of providing RaaS could be connected anywhere suitable downstream of a primary
substation to support the local 11kV network. For delivery stages ahead of commissioning this may then
require less coordination with DNO site delivery activities, less dependence on DNO supervision for third
party activities, and/or offer more contingency around timeframes. These factors would act to counter some
of these challenges, but may of course bring other considerations.

For commissioning, DNO and RaaS Service Provider collaboration would be required in all cases to verify
interaction with the network. A key benefit of installing this pilot scheme within a DNO substation
compound was to allow the commissioning teams to work collaboratively onsite in applying and testing this
novel technology, and allow any investigations or refinement during trial operation to be worked through
together.

Key challenges are set out under four themes below - Logistical, External factors, Novel testing activities and
Time considerations.

Technical challenges and resolutions are included in the Testing and Commissioning section of this document.

Logistical

Availability of equipment from multiple third party suppliers for testing

Delivery of the RaaS scheme has benefited from international expertise including companies based in Italy,
Spain and the USA as well as the UK, and with battery modules shipped from South Korea. For some aspects
of laboratory and factory acceptance testing this has required considered logistics to ensure that
components from different suppliers could be available in different locations for collaborative interface and
interaction testing.

Similarly the majority of the battery modules were shipped to Scotland to be held in storage, but with some
directed to Loccioni’s facilities in Italy for factory acceptance testing and subsequently transported to
Scotland.

Coordination of multiple suppliers and contractors working within a substation compound

Coordination of multiple teams and resources is of course a consideration for any construction project or
development scheme. CDM requirements and close project management are both key in ensuring the
successful and safe delivery of a scheme.

Work within a primary substation, as for the RaaS project trial scheme, brings additional requirements and
full compliance with DNO Operational Safety Rules. This includes required authorisations and
competencies, appropriate supervision for work within a substation (as well as under CDM), application of
Demarcation Zones, issue of Safety Documents for control of works, and outage planning and
implementation.

As safety documents are specific to specific activities, time is required to establish working areas,
communicate plans to the working party and ensure understanding, and to issue the safety documents, with
those documents then cancelled (revoking permission) before a new safety document is issued for
subsequent activities.
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Further, the activities of one party may have a resulting impact on the activities of other parties. By way of
example, some SSEN Distribution commissioning activities required the BESS CB to be open, which therefore
restricted E.ON/Loccioni planned commissioning activities for that period of time.

These factors brought challenges for associated coordination of site activities between multiple parties but
were managed well for delivery of the Rass trial scheme due to the experience and sound guidance of the
CDM Site Managers and network SAPs (Senior Authorised Persons).

B Resourcing for supporting DNO activities

Activities such as outage planning or cover for periods of annual leave required support from DNO
colleagues and field staff not designated to the project. Resourcing teams provided valuable and responsive
assistance, however the nature of day-to-day DNO activities such as fault response, or more extreme storm
response, of course retained priority.

B Clear communication for safe working with different first languages and terminology

As noted above, delivery of the RaaS scheme draws on expertise from companies based in Italy, Spain and
the USA as well as the UK. While this brings relevant knowledge and technical capability to the project, for
site work there must be careful and clear communication to ensure requirements for safe working are
understood.

B Differences in cable & connection specifications

When planning connection of the 11kV cable from the DNO substation into the BESS transformer it was
observed that the installed cable would not physically allow the connection configuration set out in the
transformer manufacturer’s installation guidance. The root of this was differences in cable conventions and
specifications between the UK and Italy - differences in expected cable sizing and armour/sheathing having
influence on cable bending radius, direction of contact, flexibility of the cable, and cable termination.

A workable solution was proposed by the site team and discussed directly with the transformer
manufacturer. This was accepted as an appropriate alternative approach which would meet requirements
for a safe and secure connection, and so could be accepted for use.

External factors

B Equipment supplier delays

A number of items were delayed or experienced issues in manufacture?®. Delays to these items arriving at
site in line with the agreed timeframes would have impacted site delivery and risked missing scheduled
dates for key activities. All issues were resolved through working with the suppliers, finding alternative
approved items, and arranging alternative transport routes, but required resourcefulness and tenacity to
ensure that items arrived when required.

B SCADA comms issue

An issue with TSAT? comms impeded the SCADA system between the substation and SSEN Control Room
for a number of hours on one day during the key commissioning period. Whilst normal network operation
was unaffected, as the Control Room didn’t have visibility of key information from the site, no power
exchange testing or commissioning activities could be carried out on the day in question.

Novel testing activities

B Novel testing approaches required to evidence safe interaction of the RaaS scheme with the DNO network

A number of RaaS operational tests required methods not previously applied on UK distribution networks,
such as intentional application of earth faults to demonstrate that the BESS inverter response provided

24 this was experienced with various items including switchboard items, cables, control panels, a bespoke current
transformer for the earthing transformer, obsolete components still on supplier lists

25 TSAT provides a private satellite network offering direct communication channels between process control centres and
remote locations, supporting SCADA, telemetry, M2M (Machine-to-Machine) and IoT (Internet of Things) communications
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sufficient fault current for the time required to ensure safe operation of existing DNO protection schemes.
The novel testing methods proposed by the project required engagement and sign off from senior
colleagues across SSEN Distribution teams. Clear engagement was required to detail the plans, ensure that
guestions and challenges could be addressed, and elicit acceptance from all relevant teams relating to their
areas of expertise. Further, an ALARP?® (As Low As Reasonably Practicable) risk assessment was completed
to ensure that risks associated with applying the earth fault tests to the RaaS scheme at Drynoch primary
were acceptable with consideration to risks to people, animals, the environment, and assets. The ALARP
principle is a foundation of UK Health and Safety legislation, and innovations in technologies or processes
must continue to demonstrate ALARP risk assessment and mitigation measures.

» The approaches taken to commission the Raa$ trial scheme have provided learning and experience,
including such novel testing methods, which illustrate new approaches that will be needed as such
technologies bring new solutions for operating our networks.

Time considerations

Time associated with the detailed nature of commissioning activities

Incorporation of all new protection and control requirements for the application of Raa$S (including synch-
check functionality, alternative group settings for islanded operation, etc.) on site was time consuming but
necessary due to the meticulous and rigorous nature of such work. It was not able to prepare and test these
aspects in the lab. This required high levels of experience, skill and focus from those involved.

Time constraints associated with network outages

Aspects of both site delivery and commissioning required planned outages of the trial site substation to
allow work to be carried out safely, with customers served by backfeed coupled with temporary generation.
This included installation of new DNO assets at the substation, cranage to offload the BESS containers within
the substation compound, the application of new protection settings and commissioning of the 11kV
switchboard for integration of RaaS, and initial off grid Raa$ transition testing (transition between the Raa$
modes without customers connected and using loadbanks at the substation to replicate customer demand).

Planned outages that require temporary generation and/or planned supply interruptions must be scheduled
with sufficient time to secure resources and notify customers. This creates an additional time constriction
for planning site activities.

In addition, the dates and times notified for any planned supply interruptions commit the team to working
to those dates. While best judgment can be used in scheduling such activities, the nature of testing and
commissioning activities brings uncertainty to timeframes, with testing only progressing once prior stages
of testing are successfully completed. The need to fix prearranged dates/times can therefore limit the time
available to carry out certain activities, alternatively if the site team are not ready to progress then the
window is missed and testing has to be rescheduled with implications for project delivery timeframes.

Timeframes associated with innovation project governance

One further time consideration has been the need to comply with Network Innovation Competition (NIC)
project governance?’ for timeframes. The NIC project governance permits Material Change requests with
regard to submission dates for Project Deliverables and Project End Date as set out in the original Project
Direction?®. As reported in the annual Project Progress Reports?’, due to a range of unforeseen events such
as the COVID-19 pandemic and the impact of Russia’s invasion of Ukraine on the global political situation
and material prices and delivery timeframes (including international shipping and transportation of
equipment to site), Material Change requests have been submitted to Ofgem and accepted.

However, NIC governance states that:

26 ‘Raa$S BESS Fault Level Contribution Tests ALARP’, SSEN, June 2025
27 Electricity Network Innovation Competition Governance Document v3.0, Ofgem, June 2017

28 Raa$ Project Direction, Ofgem, December 2019

2% Project Progress Reports are available via the Raa$ project website - https://ssen-innovation.co.uk/raas/project-docs
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“8.25. In the event that the Project end date is delayed, the new Project end date must be no
later than two years after the original Project end date.”

This places a hard stop on the project of June 2026. Successful delivery of the project trial site during 2025
was therefore critical to meeting governance obligations. Contingency in the site delivery timeframe and
programme was therefore significantly reduced.
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Accompanying Material

This section lists the suite of accompanying design, specification, network study, testing and commissioning
reports and documents created through the RaaS project work.

Preparatory design work and system studies are available via the project website - https://ssen-
innovation.co.uk/raas.

Detailed documents from the testing and commissioning activities presented in this report are available on
request to the project team - futurenetworks@sse.com.

The RaaS project team would also welcome questions on the scheme installed at the trial site or wider application
of Raas to increase the resilience of local distribution networks.

The intended audience for this suite of material - both during RaaS trial site design & delivery and in sharing
project learning to support the future application of local resilience across distribution networks - includes:

the RaaS Project Delivery Board - SSEN Distribution, E.ON, Costain

B E.ON RaaS Design and Project Delivery Team

B SSEN Distribution RaaS Design and Project Delivery Team

B SSEN Distribution BAU teams including Design, OT, Protection, RTS and the Control Room
B RaaS project equipment developer-suppliers - Loccioni, Encorp, SEL

B potential RaaS Service Providers

B potential suppliers of RaaS equipment - DNO side and BESS equipment

B other DNOs and network operators

B Ofgem, local government and other regulatory bodies and policy makers

B allthose with an interest in electricity network innovation the development of enhanced network resilience
and flexibility solutions

Specifications

Documents describing development of the technical and functional requirements for implementing a RaaS
scheme to provide enhanced resilience to local distribution networks.

m  ’'RaaS Front End Engineering Design (FEED)’ - RaaS Phase 1 WP2 E2a.2 E.ON, February 2021

The FEED report provided an extensive assessment of the requirements of the BESS system to deliver all
expected project functionalities based on generic BESS models.

B ’Detailed Design for RaaS BESS & EMS’ - RaaS Phase 1 WP3 E3.4a E.ON, October 2021

The Detailed Design Report includes studies provided by suppliers using BESS system models with their
vendor specific equipment control firmware and electrical parameters, including consideration of
protection system tripping times, to further develop the technical concept and validate the FEED
conclusions.
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"Request for Proposal - Functional Requirements for RaaS Controls, BESS and Electrical Integration’ - RaaS
Phase 1 WP3 E3a.3 E.ON, August 2021

The document invited potential suppliers to respond to a Request for Proposals (RfP) for the Raa$S project
regarding the Control, BESS and Electrical Integration elements of the proposed scheme.

Part 1 of the document sets out the information to be provided by suppliers in response to the RfP.

Part 2 defines the minimum requirements for the design, material supply, manufacture, installation and
testing of the BESS to be implemented at Drynoch primary substation, which suppliers shall consider for the
preparation of a technical and commercial offer in response to this RfP.

'DNO RaaS Controller Requirements Specification’ - RaaS Phase 1 WP3 report SGS, May 2021

This document sets out the high-level functional requirements for applying RaaS and the DNO Raa$
Controller functional Use Cases, and how these influence the detailed requirements.

"DNO RaaS Controller Detailed Design Specification’ - RaaS Phase 1 WP3 report SGS, June 2021
A detailed report comprising:

e architecture diagrams e control sequence / flow models

¢ hardware specifications e inventory lists (e.g. databases, alarms, alerts)

e software specifications e functionality per operating mode

e interface specifications e security features

e communications specifications

Configuration Documents

Documents detailing the control systems and interfaces between the DNO and Raa$ Service Provider aspects of
the scheme.

‘DNO RaaS$ Control Algorithm’ SSEN Distribution, September 2025

The detailed control algorithm implemented for the pilot RaaS scheme.

B DNO RaaS Control Algorithm datapoints SSEN Distribution, September 2025
All datapoints used within the DNO RaaS Controller, for integration with the ‘third party’ BESS, and for
communication back to the DNO Control Room via SCADA and the DNO DMS.

B detailed Single Line Diagram for RaaS implementation SSEN Distribution, June 2025
A detailed diagram of the full system implemented for the pilot RaaS scheme.

B DNO RaaS Controller configurations files SEL, July 2025
033184.000.00 SSE - RaaS Project at Drynoch Trial 3350 R153 v6
Configuration file for the SEL-3350 and SEL-2240 units used to form the DNO RaaS Controller.
033184.000.00 SSE - Drynoch Trial SAT
Configuration file for the SEL-751 unit used to form the DNO RaaS Controller.
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System Studies

Key system studies undertaken to assess what needs to be put in place and establish the settings required.

For descriptions of these reports please see the System Studies section of this document.

‘Raas Sites Review and Technical Modelling Requirements’ WSP, February 2021

‘Network Model Development and Validation for RaaS Feasibility Studies - Drynoch and Kinloch Distribution
Networks’ WSP, October 2021

‘Raas Site Energisation / PoW Switching Study - Drynoch’ Enspec, May 2021

‘Modelling and Simulation Studies of Inrush Current Phenomena Associated with the Application of RaaS

Drynoch Distribution Network’ WSP, July 2021
‘Evaluation of Islanded Network Black Start Capability - RaaS Scheme’ WSP, October 2021
‘RaaS Protection Coordination Studies - Drynoch Distribution Network’ WSP, November 2021

‘RaaS$ Protection and Control Coordination Summary: Drynoch, Kinloch and Mallaig distribution networks’
WSP, December 2021

‘Raas Protection Coordination Studies for Drynoch Distribution Network - Adaptation’ WSP, July 2025

Commissioning Documents

The key documents setting out commissioning specifications and results.

B ‘RaaS Algorithm Test Schedule’ SSEN Distribution and SEL, February 2025
Detailed test schedule for the DNO RaaS Controller.

B ‘RaaS Algorithm FAT Results’ SSEN Distribution and SEL, June 2025
Detailed results from DNO RaaS Controller and DNO RaaS control algorithm logic FAT.

B ‘RaaS Commissioning Test Schedule’ SSEN Distribution, June 2025
The main document set out the commissioning test plan for the RaaS demonstration scheme at Drynoch
primary substation. This provided a focus point for engagement within SSEN Distribution and with the Raa$
project team to communicate plans and invite questions and comment, with the final version signed off as
the accepted commissioning plan.

B ‘RaaS Commissioning at Drynoch - Risk Assessment’ SSEN Distribution, June 2025
A detailed risk assessment for the key testing and commissioning activities.

B ‘RaaS BESS Fault Level Contribution Test Methodology’ SSEN Distribution, June 2025
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A detailed test methodology document focused specifically on the novel earth fault tests to support
engagement within SSEN Distribution to communicate plans and allow risks from each area of expertise to
be identified, considered and mitigated.

‘RaaS BESS Fault Level Contribution Tests ALARP’ SSEN Distribution, June 2025

The ALARP risk assessment completed to ensure that risks associated with applying the earth fault tests to
the RaaS scheme at the project trial site were As Low As Reasonably Possible (ALARP).

‘RaaS BESS Fault Level Contribution Testing - Step-by-Step Guide for Site Team and Control Room'
SSEN Distribution, June 2025

The step-by-step guide for the project site team and SSEN Distribution Control Room to follow for each of
the BESS fault level contribution tests.

‘RaaS Fault Level Test Results’ SSEN Distribution, July 2025

Results from the BESS fault level contribution tests.

‘RaaS Commissioning and SAT Results’ SSEN Distribution, August 2025

SSEN Distribution SAT testing and commissioning results.

‘03EON23001-TST-002 FAT Report’ Loccioni, March 2025

Full report for the BESS FAT at Loccioni’s facilities in Angeli di Rosora, Italy.

‘03EON23001-TST-004 SAT Report’ Loccioni, August 2025

Full report for the BESS SAT at the RaaS project trial site of Drynoch primary substation.

‘RaaS SAT PQM Results’ SSEN Distribution, September 2025

Detailed results from the power quality monitoring in place during the SAT.

‘Drynoch Protection Commissioning and RaaS SAT’ SSEN Distribution, September 2025

Full report for DNO side commissioning and Raa$S SAT at the project trial site of Drynoch primary substation.

Project Progress Reporting

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

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

SSEN RaaS Project Manager - Sarah Rigby

email futurenetworks@sse.com

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

Appendix 1 - RaaS Project Deliverables
Appendix 2 - RaaS SGAM

Appendix 3 - Glossary
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Appendix 1 - Raa$S Project Deliverables
To provide the context for PD6, Table 13 presents the Project Deliverables defined in the Raa$S Project Direction.

Table 13 - RaaS Project Deliverables

Deliverable Description ‘ Evidence

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

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

6 Network Adaptation and Produce interface and configuration specifications and

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

8 BAU Preparation Technical design to support second demonstration site.
Consultation with potential RaaS market for second
demonstration site.

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

requirements of the Governance | requirements of the Governance Document.

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

This Appendix provides a brief introduction to SGAM (Smart Grid Architectural Model) and presents the model
created to illustrate the architecture of the RaaS system and its integration with existing network assets.

The SGAM approach to system design & representation was drawn up by CEN-CENELEC-ETSI Smart Grid
Coordination Group in response to a European Commission Mandate (M/490) relating to Smart Grid deployment.
SGAM is a three dimensional model that reflects principles applied in well-established ICT architecture
approaches for designing complex systems in a technology neutral manner. The SGAM framework encompasses
all aspects of a smart grid system, from the electrical infrastructure and ICT technology to required information
flows and defined functions.

The SGAM plane contains Domains that relate to physical levels of the electricity supply chain, and Zones that
reflect the hierarchical management aspects of the power system. The SGAM Layers above this contain
information on different elements of a system’s design, as summarised below:

B Business Layer - representing the commercial entities, their aims and their interactions within the markets
in which they operate

B Function Layer - setting out the operational functions of each element of a system or solution

B Information Layer - presenting the information flows needed between the different actors (devices,
systems, roles or organisations) to deliver the solution

B Communication Layer - identifying the standards and protocols required for the system

B Component Layer - defining the physical elements of the system

The SGAM framework is shown in Figure 16.

Business Objectives

Polit./ Regulat.. Framework

Business
Layer

Function
Layer

Information
Layer

Communication

Layer Market

Interoperability Dimension

v Layer

Generation
Transmission
Distribution

DER

Customer
Premise

Domains

Figure 16 - SGAM framework

The images below present the SGAM layers for RaaS to show the different elements of the system implemented.
These were created using the SGAM Visio Template developed through the European Seventh Framework Programme
(FP7) DISCERN (Distributed Intelligence for Cost-Effective and Reliable Distribution Network Operation) project.
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Appendix 3 - Glossary

AC Alternating Current LOM Loss of Mains
ALARP  As Low As Reasonably Practicable risk Lv Low Voltage
assessment M2M  Machine-to-Machine communication
Aux Auxiliary NIC Network Innovation Competition
AVC Automatic Voltage Control ocC Over Current
BAU Business as Usual OTR Operational Trip Relay
BCP Battery Combiner Panels PCC Point of Common Coupling
BESS Battery Energy Storage System PCS Power Conversion System
BM Balancing Mechanism PD Project Deliverable
BMS Battery Management System PLC Programmable Logic Controller
BSC Battery Systems Controller PoW Point on Wave
Bol beginning of life with reference to BESS POWRA Point of Works Risks Assessments
dischargeable energy PQ real power (P) and reactive power (Q)
CB Circuit Breaker PQ Power Quality
CCR E.ON’s Ce.ntral Cor'1trol Room PQM Power Quality Monitoring
CDM EZ;ZT;:S;TZ(O??I@ and Management) PSU Power Supply Unit
Csl Current Source Inverter Raas Resilience as a Service
csp Common Services Panel RAMS  Risk Assessment and Method Statement
Rfl Request for Information
CT current transformer (measurement
instrument) RfP Request for Proposals
DC Direct Current RfQ Request for Quotes
DC Dynamic Containment RoCoF Rate of Change of Frequency
DDR Detailed Design Report RSP Raas Service Providers
DER Distributed Energy Resources RTAC Real Time Automation Controller
DM Dynamic Moderation RTU Remote Terminal Unit
DMS Distribution Management System SAT Site Acceptance Testing
DNO Distribution Network Operator SCADA Supervisory Control and Data Acquisition
DR Dynamic Regulation SGAM  Smart Grid Architecture Model
DSR Demand Side Response SHE Safety, Health and Environment
EAT Earthing & Auxiliary Transformer SLD Single Line Diagram
EES Electrical Energy Storage THD Total Harmonic Distortion
EF Earth Fault TSA DNO Technical Support Assistant
EMS Energy Management System vbC Volts Direct Current
FAT Factory Acceptance Testing VPN Virtual Private Network
FEED Front End Engineering Design VPP Virtual Power Plant
HVAC  Heating, Ventilation and Air Conditioning VS Voltage Source Inverter
/0 comms input/output VT voltage transformer (measurement
loT Internet of Things instrument)
KPC Closing Pre-Charge Capacitor we Work Package
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