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1. Introduction & Background to the RaaS Project 

The RaaS - Resilience as a Service project1 is funded by the Network Innovation Competition 
(NIC) of the UK’s Office of Gas and Electricity Markets (Ofgem). It is being delivered by three 
partners, Scottish and Southern Electricity Networks (SSEN), E.ON and Costain. SSEN are the 
distribution network operator (DNO) for the project evaluating the technical feasibility and 
financial viability from a DNO perspective, E.ON are an energy solutions provider who are 
leading the technical delivery of the battery system and developing the investor business 
case and Costain are a management consultancy acting as programme managers and 
providing input to the market design assessment.  

The aim of the project is to investigate the technical application and commercial 
opportunities associated with the provision of a new marked based flexibility service that 
could be used by DNOs to improve network resilience in remote or rural areas. This service 
would use a Battery Energy Storage System (BESS) together with local Distributed Energy 
Resources (DER) to supply customers in the event of a fault on the network -this functionality 
is termed Resilience as a Service. While the battery is operating in parallel to the grid, it will 
be operated by E.ON to other grid services for the Transmission System Operator (TSO) 
and/or Distribution Network Operator (DSO). 

 

2. Project Overview 

The project proposal is that the RaaS system will provide resilience at 33/11kV primary 
substation, with the battery system connected in parallel to the 11kV grid section. Normal 
operation will see the battery follow the network voltage and frequency to enable stacking 
of services such as frequency balancing services, etc., to generate revenue. Should a fault 
occur on the upstream 33kV network, the project aim is that for the battery transitions 
seamlessly into island mode operation to provide backup resilience to the downstream 11kV 
network for up to four hours. The battery inverter shall act as a grid-forming unit providing 
the voltage and frequency reference to the islanded system. The BESS should also be able 
to black start the 11kV system downstream of the substation.  

The proposed trial site for this project is Drynoch Primary substation located on the Isle of 
Skye (57,298589 Lat / -6,299852 Lon). Drynoch substation consists of a single 33/11kV 
2.5MVA transformer feeding two 11kV radially operated feeders. The network contains 
0.73MVA of embedded generation via two wind turbines (0.63MVA) and hydro (0.1MVA) 
and potentially a further 0.1MVA hydro plant to be installed in the near future. The 
implementation of a RaaS scheme at the trial site is subject to a positive stage gate decision 
by the RaaS Project Steering Board once the concept and technical design have been defined 
through Phase 1 of the project.  

 
1 1 www.project-raas.co.uk, www.smarternetworks.org/project/sseen07/documents 

http://www.project-raas.co.uk/
http://www.smarternetworks.org/project/sseen07/documents
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3. Purpose of this Document 

This document is issued to invite potential suppliers to respond to a Request for Proposals 
(RfP) for the RaaS 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. 

The offer requested through this RfP is for the BESS as an Engineering, Procurement, and 
Construction (EPC) contract, where the supplier is responsible for all the engineering, 
procurement, and construction activities to deliver the completed project to E.ON. 

Furthermore, prior to commencement of the EPC contract suppliers are asked to perform a 
number of studies in collaboration with E.ON as part of the Detailed Design stage of the RaaS 
to ensure that the final specification of the system will fulfil the expected performance at 
the Drynoch network and support replicability of the scheme to other network locations. 
The response to this RfP must set out the technical and commercial conditions for such 
collaboration. 

 

 

Part 1 

Sections 4 to 9 below set out the information to be provided by suppliers in response to the 
RfP. 

 

4. RfP  Process and Requirements 

4.1 Participation in the RfP 

Those interested in participating should confirm their Intent to Respond by email to E.ON 
within 5 working days of receiving the RfP. A failure to confirm will signify that a potential 
supplier is not interested in participating in the RfP. 

All potential suppliers confirming their participation should send their Intent to Respond to 
the attention of christoph.will@eon.com 

 

mailto:Christian.bucher@eon.com
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4.2 RfP Schedule 

RfP Key dates: 

March 30th 2021 E.ON makes RfP available 

April 8th 2021 Deadline to submit Intent to Respond 

April 13th 2021 Deadline to submit questions 

April 19th 2021 E.ON to respond to questions to all interested partners 

April 23rd 2021 Deadline for E.ON to receive all proposals including all related material 

 

Subsequently, E.ON will evaluate the responses submitted and successful  RfP applicants will 
be asked to participate: 

• Firstly, participate in the Detailed Design engineering stage of the project to provide 

a system model and perform a series of studies in order to finalise the system 

specifications to achieve the desired BESS performance at Drynoch (and support 

replicability of the scheme to other network locations). Kick-off for these studies is 

planned for May 4th 2021. 

• Secondly, provide a final Request for Quote (RfQ) for delivery of the scheme at 

Drynoch based on the final system specification. 

It is estimated that the RfQ stage will follow toward the end of Q2 2021. These dates are 
subject to change and further detailed information will be provided to the successful 
applicants. 

 

4.3 RfP Related Questions/Clarification/Submission 

Questions and proposals related to this RfP should be directed to christoph.will@eon.com 
within the deadlines specified above. 

 

4.4 Deviations 

E.ON’s requirements are not subject to any restrictions in the approach by suppliers. The 
solution envisaged must match the functional requirements.  

Any deviation from the requirements of this document may be suggested by suppliers, 
provided that it does not compromise the safety of personnel or the regulatory 
requirements. 

mailto:christoph.will@eon.com
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Deviations must be submitted to E.ON, as a variant with the necessary justifications, and 
must receive the written approval of E.ON. 

 

4.5 Provision of information and studies in Detailed Design stage of the RaaS project 

To support development of the detailed engineering design close collaboration between 
candidates and the E.ON and SSEN project team is required, and suppliers are expected to 
contribute to detailed discussion about the behaviour of the BESS in the planned operational 
modes. Two key expected contributions are: 

1. Suppliers are requested to provide evidence on the feasibility of fulfilling the defined 

requirements or the need to adjust the requirements. This may be done by means of 

studies based on data provided by EON and SSEN to suppliers, and with consideration 

of further requirements to be agreed on. A non-exhaustive list indicating the types of 

assessments to be performed is given in Appendix 2. Final results shall be provided 

by the suppliers by July 23rd 2021. At least two dates will be defined in between, 

where suppliers are requested to present intermediate results and give input to 

discussions on any necessary amendments to requirements. Based on the list 

provided in Appendix 2, in their response to the RfP suppliers are requested to 

provide an indication of the assessments they will be able to perform.  

If candidates require the placement of a purchase order for completion of the 

required studies, please provide a binding and executable quote, including proposed 

terms and conditions for those services. 

Kick off for these studies is planned for May 4th 2021. 

2. In parallel, further analyses will be done by E.ON and SSEN. Suppliers shall specify 

within their response to the RfP what software models of the BESS they are able to 

provide to complement analysis being undertaken by E.ON and SSEN. Initial general 

requirements with regard to the supplier models are given in Appendix 2. These 

models shall be provided latest on May 28th 2021 on terms and conditions to be 

proposed by the suppliers.  

Where detailed models cannot be provided, a conceptual discussion based on block 

diagrams may also be acceptable. The key aspects will be the stability of the inverter, 

the change of mode from grid parallel to grid forming, and the response to different 

types of faults. 
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4.6 Legal Entities 

Responses shall provide details of any UK entities associated with the potential supplier, and 
include details of the legal entity that would deliver the project (financial statements, HSE 
certifications, project management and governance, etc.), as well as the entity providing 
service to it during operation (in the case that his is different) 

 

4.7 RfP Terms & Conditions 

4.7.1 Liabilities 

This RfP is a request for proposal to deliver this project for the purpose of preselection to go 
into the final RfQ process. No contractual obligations on behalf of E.ON whatsoever shall 
arise from this process. 

 

4.7.2 Confidentiality & RfP Ownership 

This RfP is both confidential and proprietary to E.ON and E.ON reserves the right to recall 
the RfP in its entirety or in part. Potential suppliers shall agree not to duplicate or otherwise 
disseminate or make available this document or the information contained in it without the 
express written consent of E.ON. 

Potential suppliers shall not include or reference this RfP in any publicity without prior 
written consent from E.ON. Potential suppliers must accept all foregoing terms and 
conditions without exception. All responses to the RfP will become the property of E.ON and 
will not be returned. 

 

4.7.3 Legal 

Potential suppliers should clearly state which elements of the RfP are propriety and which 
have been licenced or acquired from a 3rd party. 

 

5. Scope of Supply 

The scope of supply comprises the design, manufacture, installation, transportation, 
commissioning and testing, as turn-key solution, of an integrated, containerised, outdoor-
rated BESS and its integration with the DNO network, including a supervisory Energy 
Management System (EMS), all functionalities relevant for islanding operation, auxiliary 
equipment, emergency power supply, protection devices, and a power transformer to 
connect it to the 11kV bus bar of the SSEN substation.  

Suppliers shall indicate if they are only willing or able to supply parts of the system and 
outline precisely all boundaries. 
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6. Information on Supply Chain 

Suppliers shall provide details regarding the main component suppliers that would be 
typically used for this type of project. The breakdown shall be inclusive of equipment 
component parts such as inverters and batteries etc. if procured externally. 

 

7. Pricing Models 

The supplier shall outline the different pricing models (e.g. design-build-operate or rental 
agreements) that can be offered, if any. Please also indicate if different pricing models would 
apply for different parts of the scope of supply, including:  

• Delivery to site 

• Construction including CDM requirements 

• Commissioning 

• Two years O&M package as detailed 

• Service agreements for remote monitoring and controls 

 

8. RfP Response Format 

The following information shall also be provided when responding to this RfP: 

• Company Name 

• Company Address 

• Company Web Site 

• Contact Name 

• Contact Email Address 

• Contact Telephone 

 

9. Optional Requirements 

In addition to the listed requirements, potential suppliers shall provide any additional details 
which may be of interest to this RfP including case studies of projects with similar scopes. 
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Part 2 

Sections 10 to 16 below define the minimum requirements for the design, material supply, 
manufacture, installation and testing of the BESS to be implemented at Drynoch primary 
substation, for suppliers to consider for the preparation of a technical and commercial offer 
in response to this RfP. 

 

10. BESS Design Requirements 

All aspects of the system design and implementation will maintain a focus on the safe 
delivery and operation of the proposed RaaS system. 

 

10.1 Applicable Standards and Directives 

• Energy Networks Association Engineering Recommendation G99 - “Requirements for 
the connection of generation equipment in parallel with public distribution networks 
on or after 27 April 2019”. 

• Energy Networks Association Engineering Recommendation G5 Issue 5 - “Planning 
levels for harmonic voltage distortion and connection of non-linear equipment to 
transmission and distribution networks in the UK”. 

• Energy Networks Association Engineering Recommendation P28 Issue 2 - “Planning 
limits for voltage fluctuations caused by Industrial, Commercial and Domestic 
equipment in the United Kingdom”. 

• Energy Networks Association Engineering Recommendation P29 issue 1 - “Planning 
limits for voltage unbalance in the United Kingdom for 132 kV and below”. 

• Energy Networks Association Engineering Recommendation S34 Issue 2 - “A guide for 
assessing the rise of earth potential at electrical installations”. 

• Energy Networks Association Technical Specification 41-24 Issue 2 - “Guidelines for 
the design, installation, testing and maintenance of main earthing systems in 
substations”. 

• Energy Networks Association Technical Specification 41-36  Issue 3 - “Switchgear for 
service up to 36kV (cable and overhead conductor connected)”. 

• The Electricity Safety, Quality and Continuity Regulations 2002. 

• National Grid ESO - Security and Quality of Supply Standard (SQSS). 

• National Grid ESO - The Grid Code. 

• The Distribution Code of Licenced Distribution Network Operators of Great Britain. 

• BS 7671 - “Requirements for Electrical Installations”. 



 

 

11 

• BS 6622 - “Electric cables - Armoured cables with thermosetting insulation for rated 
voltages from 3.8/6.6 kV to 19/33 kV - Requirements and test methods”. 

• BS 5467 - “Electric cables - Thermosetting insulated, armoured cables of rated 
voltages of 600/1 000 V and 1 900/3 300 V for fixed installations - Specification”. 

• BS EN 61557-8 - “Electrical safety in low voltage distribution systems up to 1000 V AC. 
and 1500 V DC. Equipment for testing, measuring or monitoring of protective 
measures. Insulation monitoring devices for IT systems”. 

• Regulation 548/2014 of 21 May 2014 on implementing Directive 2009/125/EC of the 
European Parliament and of the Council with regard to small, medium and large 
power transformers. 

• BS EN 50160 - “Voltage characteristics of electricity supplied by public electricity 
networks”. 

• BS EN 61000 - “Electromagnetic compatibility (EMC)”. 

 

10.2 BESS Specification 

The BESS shall consist of:  

• A power conversion system - PCS (inverter), with a minimum capacity of 5MVA. The 
inverter will be internally composed of at least two parallel independent units, to 
ensure that one is still available in the event of a fault on the second one 

• An energy storage unit of at least 4.2MW/4.2MWh 

• Lithium-ion batteries with life expectancy of 10 years under normal operating 
conditions 

• A Battery Management System (BMS) 

• Battery Combiner Panels (BCP) 

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

• DC distribution equipment 

• A Transformer 11/0,4kV, 3MVA 

• Disconnect switches and protection devices. 

• All auxiliary equipment necessary to operate and protect the BESS, such as cooling 
system, heaters, etc.) 

 

A general single line diagram of the proposed BESS is shown in Figure 9 in the Appendix 3.  
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10.3 BESS Inverter 

The BESS inverter may consist of two or more parallel units. The BESS inverter shall be a bi-
directional converter that can be operated in inverting mode for battery discharging and 
rectifying mode for battery charging. 

 

10.3.1 Operating modes 

The BESS inverter requires two different operational modes, one operating in island mode 
and the other operating in grid-parallel mode. The BESS is expected to transition 
automatically into island mode in the case of an unexpected fault on the network, and the 
transition will need to be quick enough to ensure that it is seamless with minimal impact to 
customers connected to the network. A concrete technical proposal must be presented. 

The BESS Inverter will be operated in ‘grid-forming’ mode and be capable of serving as a 
voltage and frequency source, which will enable the BESS to support the local 11kV network 
supplied from Drynoch primary substation in ‘island’ mode.  

The BESS must transition to ‘Island Mode’ automatically based on a command from  the EMS 
which opens the circuit breaker connecting to the 33/11kV transformer and further 
commands regarding the required change of mode for the BESS power converter. The 
transition of the inverter to island mode (due to change of control parameters or complete 
control strategy) is expected to be realised in 100ms from requirement detection. 

When the grid becomes available following an outage, the ‘islanded’ 11kV network 
supported by the BESS will be synchronised to the grid across the grid transformer 11kV 
circuit breaker by the EMS and the grid circuit breaker will be closed to return to parallel 
operation with the BESS acting as a distributed generator under the definition of ENA EREC 
G99. This process will require specific DNO permission that will be sent to the EMS from a 
DNO RaaS Controller located within the substation. 

 

10.3.2 Fault current 

The BESS inverter must be able to deliver a maximum current of 1.2 p.u. of the nominal 
rating per phase for up to 2s. 

 

10.3.3 Low Voltage Ride Through (LVRT) 

The Low Voltage Ride Through curve of the BESS inverter needs to allow a drop of residual 
voltages down to 0.pu for as long as approx. 2s, deviating from the standard G99 
requirement in the UK. 
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10.4 Battery 

10.4.1 Battery Modules 

The proposed BESS is based on lithium-ion battery modules. One battery module contains 
multiple battery cells, and shall be provided with cell voltage and temperature measurement 
sensors, communications interfaces and a ventilation unit. 

 

10.4.2 Battery Racks 

The individual batteries shall be housed in battery racks. For ease of installation and removal 
of the single battery modules, the racks shall contain trays in which the battery modules can 
be inserted and removed.  

Circuit isolation and protection for each battery rack can be provided in either top or bottom 
shelf of the battery rack. The individual battery racks are then connected to the BCP or BESS 
inverter. 

 

10.4.3 Battery Protection 

Protection of the battery modules (e.g. overcurrent, state of charge) shall be afforded via an 
in-rack DC circuit breaker. A communication interface shall be provided to the BMS to 
monitor the battery cell status. 

 

10.4.4 Battery Management System (BMS) 

A BMS shall be provided to monitor the status and health of the batteries and also to detect 
abnormal conditions, such as cell voltage, current and temperatures, ensuring that cells are 
operating within their limits. The BMS will either give warning to the superior EMS or if 
second safety level thresholds are exceeded, immediately disconnects the battery system. 

 

10.4.5 Fault current 

The battery will be able to deliver a maximum current up to 1.2/1.4 p.u. of the inverter rating 
for up to 2s. 

 

10.4.6 Battery life 

The battery is expected to be usable between 10 and 100% of its nominal State of Charge. 

The battery is expected to last for 10 years, based on 5,000 cycles at full Depth of Discharge 
decreasing the nominal capacity of the battery by less than 20%. 

An indicative degradation curve shall be provided as part of the response to this RfP. 
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10.5 BESS Transformer 

A BESS transformer that links the BESS Inverter in the relevant BESS enclosure to the primary 
substation 11kV bus bar shall be housed in a Glass Reinforced Plastic (GRP) enclosure. The 
GRP enclosure will be designed to cater for over-pressure if the transformer catastrophically 
fails, and with ventilation louvres to ensure that the transformer operates within its 
temperature limits. 

The transformer shall comply with ENA TS 35-1 and Tier 2 under EU EcoDesign Regulation 
548/2014, and shall be manufactured in compliance with BS EN 60076. 

The transformer shall be a liquid filled, naturally cooled unit, filled with a synthetic liquid 
(typically Midel 7131) and thus will be designated as KNAN. The transformer shall include 
welded steel tanks with gasketed lids and welded steel radiators attached to the tanks. It 
shall also be mounted on a skid base complete with jacking lugs. The technical parameters 
of the transformer shall be as follows: 

 

Table 1 - Technical parameters for the proposed transformer design 

Parameter Value 

Primary voltage 11kV 

Secondary voltage to suit the operational voltage range of the BESS 
Inverter (assumed to be 400V) 

Vector group Ynd 

Nominal power rating 3MVA 

Short circuit impedance on rating 8% 

Short circuit withstand rating 25kA for 3 seconds (*) 

(*) The HV neutral shall be able to bear equal currents and overcurrent as the phases. 

 

10.6 Energy Management System (EMS) 

This control system integrates all BESS components and their functionalities into the existing 
network infrastructure to operate the system as intended to provide resilience services or 
Grid Services (i.e. frequency regulation). 

The BESS EMS will command a Synchronisation Switch to perform islanding in the event of 
a fault, and re-synchronisation to the network when supply is back to normal (using 
measurement data from the power analysers). The EMS will also monitor for the presence 
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of significant levels of harmonic voltages which can have significantly detrimental effect on 
the operation and stability of the BESS. 

The BESS EMS will also communicate to a DNO RaaS Controller acting as a gateway to the 
DNO SCADA system, as well as a management unit to activate and deactivate the islanding 
functions of the BESS. 

While in grid parallel mode, the BESS will be  additional grid services (i.e. frequency 
regulation services). The EMS will implement the functionality required for those services 
and the interface to E.ON Virtual Power Plant (VPP) via IEC 104 protocol or similar. 

The main functionality is described in the following section. 

The EMS also needs to record and store information on relevant SCADA data points, 
fault/RaaS transition events, system performance, etc., retaining historical data for at least 
3 months. 

 

10.6.1 Decoupling from Mains 

This will be an automated function of the synchronisation switch as it needs to be fast 
enough to allow a seamless transition to island mode. Following minimum parameters 
shall be included: 

• Frequency High 

- Threshold 

- Delay / time the value is exceeded 

• Frequency Low 

- Threshold 

- Delay / time the value is exceeded 

• Voltage High 

- Threshold 

- Delay / time the value is exceeded 

• Voltage Low 

- Threshold 

- Delay / time the value is exceeded 

The BESS EMS will send the command to a 11kV substation circuit breaker from SSEN. 
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10.6.2 Synchronisation 

In order to reconnect the islanded substation system to the grid, both systems need to be 
synchronous to each other (with minor deviations). If the synchronisation controller is not 
disabled by the EMS (either automatically or manually) or by the DNO (manually), it shall 
provide a close request to the grid connection breaker to complete the synchronisation 
procedure. Minimum parameters shall be as follows: 

• Max. frequency deviation of external system from the internal (island) system 

• Max. voltage deviation of external system from the internal (island) system 

• Max. phase angle deviation of external system from the internal (island) system 

• Min. duration of all parameters being “synchronous” prior to closing the grid 
coupling breaker 

The BESS EMS will send the command to a 11kV substation circuit breaker from SSEN. 

 

10.6.3 Interface to DNO RaaS Controller 

The BESS EMS shall interface to the local substation DNO RaaS Controller with DNP3 protocol 
and IEC 61850. 

The BESS EMS shall send relevant monitoring (overall system state, SOC, P, Q, system 
frequency, voltage distortion, harmonic distortion, etc.) to the DNO SCADA via this interface. 

The DNO RaaS Controller will provide permission for the BESS EMS to commence 
synchronising with the grid after being in island mode. 

The DNO RaaS Controller will provide permission for the BESS EMS to start the black-start 
supply. 

The DNO RaaS Controller may disable the resilience service expected from the BESS, so that 
it doesn´t island in any condition. 

The DNO RaaS Controller may request to reduce charging/discharging rate to protect 
thermal limits (part of Active Network Management (ANM) scheme) of the network assets. 

The DNO RaaS Controller may request to export/import VARs in order to support voltage 
control at 11 kV busbar. 

The DNO RaaS Controller may send notification to BESS to safely shut down before 
disconnection. 

The BESS shall be able to accommodate other control functions from DNO RaaS controller 
that are identified as necessary through the project development work. 
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10.6.4 Provision of grid ancillary services 

The BESS will provide grid services while in grid-parallel mode. The reference for this offer 
will be the provision of Dynamic Containment Reserve in accordance with  National Grid ESO 
service requirements. The key requirements are reading of the grid frequency every 50ms, 
and the implementation of a droop curve to deliver active power based on this frequency 
(with a control cycle expected to recalculate the signal every 50ms/frequency reading). The 
monitoring of this service will be sent to E.ON VPP every 3s using IEC 104 inside a private 
VPN. 

The BESS also needs to be able to provide frequency control (for example increase/reduce 
frequency to trip local distributed generation). 

10.6.5 Implementation of G99 requirements 

When parallel to the grid, the battery needs to comply with the G99 standard. The G99 
functionality will be integrated in the EMS, which will send the command to connect or 
disconnect the 11kV circuit breaker connecting the BESS to the 11kV bus bar of the 
substation. 

The G99 configuration will be prepared to have different parameters when the BESS is 
parallel to the grid or when it is in island mode. The G99 configuration capabilities will need 
to be able to also accommodate non-standard settings required by SSEN. 

When the BESS is parallel to the grid, the G99 standard parameters need to be modified in 
order to allow the system to island before disconnecting the BESS due to loss of mains. It is 
expected that the EMS will be able to detect the necessity to island Drynoch and open the 
Grid transformer 11kV circuit breaker well in advance of the G99 protection operating on 
under voltage (2.5s dwell time). The G99 relay will therefore only instigate a tripping of the 
BESS 11kV circuit breaker if the EMS fails to open the Grid Transformer 11kV circuit breaker 
within the 2.5s window.  

If the BESS 11kV Circuit Breaker is opened by the G99 protection and the BESS is 
disconnected from operating in parallel with the Grid, once the Grid is again healthy the G99 
relay will automatically reset and allow reconnection of the BESS after a minimum time delay 
of 20s, in accordance with EREC G99 Clauses 10.3.4 and 10.3.5. 

While in island mode, some of the functionality of the G99 protection (i.e. Loss of Mains 
detection) may be disabled by the EMS. 

 

10.6.6 BESS and substation monitoring and control 

The EMS implements a communication interface to monitor and control of the BESS inverter, 
BMS and auxiliary systems (e.g. UPS). The information will be stored in an internal data base 
and transferred to E.ON VPP for remote monitoring every 3s via IEC 104 protocol. 
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The EMS implements the battery State of Charge (SOC) management considering Grid 
services and Resilience services. The EMS will implement internal schedules for the SOC that 
can be adjusted manually every 15min and automatically via the IEC 104 interface to the 
VPP of E.ON. A priority logic will establish the schedule to be followed in case of conflict 
between the request of both services.  

The EMS is required to implement monitoring of different electric parameters at the 
substation as indicated in the simplified electric diagram of Appendix 3.  

The following data items are the minimum data to be exchanged between the supervisory 
EMS and the BESS: 

• RMS voltage at point of connection  

• Frequency 

• Start / stop  

• BESS operating mode  

• Peak shaving upper / lower power limit 

• Target active / reactive power 

• Acknowledge warnings / alarms 

• State of charge (SOC) of battery system 

• State of health (SOH) of battery system 

• Active / reactive power 

• Maximum charge power  

• Maximum discharge power 

 

10.7 Power Quality Analysers 

Power quality analysers shall be provided on the 11kV side of the 33/11kV Grid Transformer 
and the BESS Transformer to continuously monitor voltage quality in terms of harmonic 
content and flicker on the 11kV primary bus bar, both when connected to the grid and in 
Island mode.  

Due to the much higher system impedance in Island mode, the presence of significant levels 
of harmonic voltages can have a significantly detrimental effect on the operation and 
stability of the BESS. Data from the analysers will be forwarded to the EMS. 

For this application it is recommended to utilise power quality analysers with a range of 
additional functions compared to typical power quality meters. As well as reliably recording 
harmonics, phase unbalance, transients, voltage dips, voltage swell, flicker, phase shifts and 
reactive power, the analysers will also continuously monitor the power quality in accordance 
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with BS EN 50160 “Voltage characteristics of electricity supplied by public electricity 
networks” (when the network is connected to the Grid or in island mode), and BS EN 61000. 

 

10.8 Cabling Installations 

All cabling installations shall be in accordance with the requirements of BS 7671. 

The cabling and cable support systems will be routed below ground in cable ducts and shall 
be provided as follows:  

• Between the 11kV switchboard and the BESS transformer: three core 6350/11000V 

cable with copper conductors, XLPE insulation, steel wire armouring and a red PVC 

over sheath configured to standards BS 6622. 

• Between the BESS transformer and the BESS Inverter units: four core 600/1000V 

cables configured to standards BS 5467. 

The LV installations within the containers shall be in accordance with BS 7671. 

 

10.9 Earthing Arrangements 

The existing 11kV earthing arrangement at Drynoch is earthed from the star point on the 
secondary winding of the 33/11kV Grid transformer. 

An additional earth is to be provided from the star point on the BESS transformer that is 
switchable via a contactor, such that the earth is applied only when the transformer CB is 
‘open’ and is removed when the BESS is operating in parallel with the Grid. 

Under EREC G99, it is not permissible for distributed power generating modules to operate 
in parallel with the power distribution system in ‘long-term’ parallel with the generating 
module neutral connected to earth, other than for ‘short-term’ periods, which is limited to 
five minutes aggregated over any rolling one month period. It is, however, in the discretion 
of the DNO to release this requirement.  

There will be an electrical or mechanical interlock between the Grid transformer 11kV circuit 
breaker and the BESS transformer earthing contactor to prevent both devices being closed 
simultaneously, other than for a few milliseconds whilst the changeover occurs, to avoid the 
BESS system neutral to float. The control for closing the BESS transformer primary winding 
earthing contactor shall be part of the SSEN controls infrastructure (DNO RaaS Controller) 
and interlocked as part of the new replacement switch board enabling control and 
interlocking with the main transformer circuit breaker T1. The BESS EMS will monitor the 
earth status to disconnect the in-feed from the BESS in case of non-proper earthing. 
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The contactor shall be a suitably rated vacuum unit with connection to the neutral of the 
BESS transformer via a single core 6350/11000V rated XLPE (Cross-linked polyethylene) 
insulated copper cable with overall aluminium wire armour. 

It is intended that the BESS LV installation associated with the AC network on the BESS side 
of the transformer will be an IT (isolated earth) system as defined by BS 7671. This is a typical 
arrangement of a BESS Inverter installations which tends to have the AC side not connected 
to earth. Protection against AC earth faults on the LV side of the BESS transformer and the 
DC battery network will be afforded by insulation monitoring devices.  

The insulation monitoring devices shall be in accordance with BS EN 61557-8:2007: 
“Electrical safety in low voltage distribution systems up to 1000 V AC. and 1500 V DC. 
Equipment for testing, measuring or monitoring of protective measures. Insulation 
monitoring devices for IT systems”. 

BS EN 61557-8:2007 specifies that insulation monitoring devices must support a prescribed 
measuring principle which enables them to monitor both symmetrical and asymmetrical 
deteriorations in insulation.  

 

11. Installation conditions 

The BESS shall be installed within containers which are system-built, prefabricated, 
weatherproof, moisture-sealed, and designed to protect the equipment from the external 
environmental conditions likely to be experienced at Drynoch.  

The following ancillary systems shall be included: 

• Heating, Ventilation and Air Conditioning (HVAC) systems to ensure optimum 

operating temperatures for the battery cells 

• Full fresh-air ventilation systems for the BESS Inverter 

• An auxiliary AC power distribution point supplied from the Low Voltage (LV) 

terminals of the BESS transformer  

• An Uninterruptable Power Supply (UPS) for the Battery Management System 

(BMS), EMS and the BESS Inverter control systems to maintain control during loss 

of the external power supply including performing black start operation 

• Utility power outlets for maintenance 

• Internal lighting and emergency lighting for maintenance and access purposes. 

• External lighting in the yard area around the BESS containers and the transformer 

enclosure for security and access for inspection and maintenance 

• Fire detection and alarm systems configured to standards BS5839, linked to a 

remote monitoring station 

• Intruder detection systems and CCTV monitoring. 

• Access control systems to the doors 
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A proposed layout design is shown in Figure 1 below. This configuration was developed by 
E.ON in collaboration with its consultancy Couch Perry and Wilkes LLP as variations on how 
components are integrated and housed vary by supplier.  

 

 
Figure 1 - Indicative layout of the BESS 

 

The auxiliary LV supply derived from the LV side of the BESS transformer is required to 
provide power to the equipment when the main LV synchronising CB is open, and the BESS 
is not connected to the primary substation 11kV bus bar.  

The 0.4kV/11kV BESS transformer shall be housed in a GRP enclosure and located next to 
the battery and BESS Inverter container. 

The general arrangement of the containers and a 3D representation of the layout is indicated 
in the images below (Figure 2 and Figure 3): 
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Figure 2 - BESS general arrangement 

 
Figure 3 - 3D representation of the BESS general arrangement at the Drynoch substation 
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The initial assessment shows that the site has enough space to accommodate the BESS and 
host the required construction equipment. The substation is located within a remote area 
of the Island with mainly single carriageway access roads to the site. Consideration will need 
to be made to the delivery of equipment as this may influence the solution being proposed. 

The photographs shown in Figures Figure 4 to Figure 8 show the space outside and within 
the substation compound at present: 

 

 
Figure 4 - parking space in front of substation 

 

 
Figure 5 - parking space in front of substation 
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Figure 6 - access gate to the substation 

 
Figure 7 - space inside substation 
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Figure 8 - Proposed location of the BESS 

It is expected that the substation compound will be partitioned to create a segregated 
compound for the BESS installation. A Principle Contractor will be appointed in accordance 
with the CDM Regulations. Access to the compound and the site welfare facilities, in addition 
to any interaction between the two areas e.g. with regard to deliveries, cranage and cable 
terminations within SSEN’s environment, will also be agreed in discussion with SSEN. 

 

12. Inspection and Testing 

The following test procedures (as a minimum) shall be conducted on the unit and 
successfully passed/demonstrated prior to shipment. 

• Battery and PCS connection, performance and configuration check 

• Circuit boards and subassembly functionality 

• Mechanical inspection 

• Wiring continuity 

• Alarm functionality 

Both E.ON and SSEN shall witness the factory acceptance testing at the manufacturer’s 
production facility. 

Within their response to the RfP suppliers shall give an indication of their willingness to 
enable additional electrical testing under operational conditions at the following locations: 

1. At the supplier’s facilities 

2. At UK testing facilities prior to installation, and/or  

3. On site at Drynoch after installation. 
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If the placement of a purchase order is required for those additional tests, please provide a 
binding and executable quote, including proposed terms and conditions for those additional 
services. 

 

12.1 Quality Assurance 

• Factory Testing: Prior to shipment, the bidder shall complete a documented test 
procedure to test all required functions of the BESS and guarantee compliance with 
the specifications.  

• Assemblies and Materials: All materials and parts shall be new, of current 
manufacture, and shall not have been used in a prior service, except as required 
during factory testing. The system manufacturer shall conduct inspections on 
incoming parts, assemblies and final products. 

 

13. Documentation 

The supplier shall provide full and comprehensive detailed design documentation for 
installing and operating the BESS including the following: 

• Technical data sheet 

• Installation, operation and maintenance manuals 

• General layout, indicating dimensions and weight 

• Detailed wiring diagrams 

• Communication interface definition from the BMS to higher level EMS 

• Communication interface definition from the EMS to DNO RaaS Controller 

• List of equipment parts 

• List of spare parts required for testing and commissioning 

• Price list of spare parts for two years operation 

• Test and inspection reports 

• Structural requirements for installation 

 

14. Spare parts 

The supplier shall provide all the spare parts needed for testing and for starting up the 
installation. The spare parts shall be delivered at the same time as the main equipment. 
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15. Transportation 

The equipment shall be capable of withstanding normal transportation and handling shocks. 

The supplier shall be responsible for the adequacy of the provisions for transportation as 
despatched from factory, to ensure arrival at site complete and undamaged. 

All preparation, protection and packing methods shall be adequate to protect the equipment 
from damage due to atmospheric conditions. 

The equipment shall be packed and weather protected for export. Loose parts shall be boxed 
and an itemised packing list included with the main assembly. 

Storage limitations (e.g. temperature) for special equipment including battery cells shall be 
clearly marked on documents and boxes. 

 

16. Warranty 

The supplier warranty shall be provided for the period of 24 months from the date of 
commissioning. The warranty shall cover all defects of the equipment from manufacturing 
and non-compliance with the contract, and the supplier shall repair or replace the defect 
product at their own cost. The certified warranty issued by manufacturers/vendors shall be 
transferred to E.ON before the issuance of a Final Acceptance Certificate. 
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Appendix 1 – List of Abbreviations 
 

BCP  Battery Combiner Panels 

BESS  Battery Energy Storage System 

BMS  Battery Management System 

CB  Circuit Breaker 

CDM   Construction Design and Management Regulations 2015 

DAR  Delayed Auto Reclose 

DC  Direct Current 

DER  Distributed Energy Resources 

DNO  Distribution Network Operator 

DSO  Distribution System Operator 

DoD  Depth of Discharge 

EMS  Energy Management System 

ENA  Electricity Networks Association 

EPC  Engineering, Procurement, and Construction contract 

GRP  Glass Reinforced Plastic 

HV  High Voltage (>1kV & <33kV) 

HVAC  Heating, Ventilation and Air Conditioning  

IT  Isolated Earth System 

LV  Low Voltage (<1000V) 

MVA  Mega Volt-Amps 

MW  Mega Watt 

MWh  Mega Watt-Hours 

NIC  Network Innovation Competition 

PCS  Power Conversion System 

PoW  Point on Wave 

RaaS  Resilience as a Service 

RfP  Request for Proposal 

RfQ  Request for Quote 

SOC  State of Charge 

SOH  State of Health 

SSEN  Scottish and Southern Electricity Networks 

TSO  Transmission System Operator 

UPS  Uninterruptable Power Supply 

VPP  Virtual Power Plant 

VSG  Virtual Synchronous Generator  
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Appendix 2 – Simulation Model Requirements during the Detailed Design Phase  
 
Model provision 

The sections below set out the requirements for the models requested from suppliers - it 
must be noted that this is non-exhaustive, and further requirements may be identified 
during ongoing project work associated with the detailed design of the RaaS scheme. 

The following definitions apply: 

• ‘Shall’ and its negative ‘Shall Not’ is used for a mandatory requirement. 

• ‘Will’ and its negative ‘Will Not’ is used for a declaration of purpose or expression of 

simple futurity.  

• ‘Should’ and its negative ‘Should Not’ is used for a non-mandatory desire, preference 

or recommendation. 

• ‘May’ and its negative ‘May Not’ is used to indicate a non-mandatory suggestion or 

permission. 

Modelling use-cases and required types of calculations 

The following table shows the Calculation types undertaken by E.ON during the detailed 
design phase, and the expectations of the suppliers’ models: 

Table 2 - Model use-cases and required types of calculations 

Calculation Type 

BESS operational mode 

Grid parallel Islanded Operation 

Steady State Power Flow SHALL SHALL 

Steady State Short Circuit Calculation SHOULD SHOULD 

Stability Studies for Normal Operation 
SHOULD: RMS 

MAY: EMT 
SHOULD: RMS 

MAY: EMT 

Simulation of Grid Side Faults SHALL SHALL 

Simulation of unintentional islanding 
of Grid section including BESS 

SHOULD - 

 

In use-cases related to fault studies the models shall allow investigation of the following: 

1. Fault ride through behavior, fault current provision and transient stability of the 

BESS under the following situations: 

o During different operational modes: 
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▪ Grid Parallel Operation 

▪ Islanded Operation 

o Starting from different pre-fault situations 

o Under different fault types 

▪ asymmetrical / symmetrical 

▪ short circuit / earth fault / combination 

▪ interruptions of one or two conductors 

o With different fault locations 

▪ overlaying grid (>=33kV)  

▪ 11kV grid upstream 

▪ 11kV grid downstream 

• near to busbar faults 

• fault in periphery of 11kV feeders 

 

General Requirements 

The general requirements of the supplier model(s) are set out in the table below: 

Table 3 - General Requirements of the model(s) 

Level of 
Requirement 

Requirement 

SHALL adequately reflect the BESS’s electrical behavior at the grid interconnection 
point and its interaction with the external grid and further active sources 
therein 

SHALL react to changes and events on the grid side 

SHALL react to parameter (e.g. setpoint) changes 

SHALL be parameterizable to a degree that will be agreed on 

SHALL adequately reflect relevant inner constraints, limitations, self-protection, 
nonlinearities etc. impacting the BESS’s electric behavior   

SHALL NOT show deviations exceeding to be contracted tolerances in comparison to 
more detailed models or tested behavior 
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General Requirements for electrical representation 

Requirements regarding electrical representation within supplier models are set out in the 
table below: 

Table 4 - General Requirements of the model(s) on electrical representation 

Level of 
Requirement 

Requirement 

SHALL reflect the behavior of positive and negative sequence of voltages and 
currents 

SHALL model and provide the interconnection transformer(s) as a discrete device 
/ part separate from the further parts of the BESS 

MAY neglect interconnection transformer saturation 

SHALL reflect the zero sequence behavior on each side of the interconnection 
transformer(s) with an star point treatment other than not existing or 
isolated 

SHALL include a representation of devices and/or behavior inside the BESS relevant 
for the grid zero sequence system in case the interconnection 
transformer(s) feed through the zero sequence system 

MAY neglect modelling neutral voltage potential rise explicitly 

 

General Requirements for Model Delivery 

The general requirements with regard to the delivery of supplier model(s) are shown in the 
following table: 

Table 5 - General Requirements on Model Delivery 

Level of 
Requirement 

Requirement 

MAY be delivered as a black box type of model 

SHALL be documented in way to enable clear assessment of capabilities and 
limitations of the modelling approach and the uses cases valid to us it for 

SHOULD be delivered as one single model applicable in the mentioned types of 
calculations and use cases 
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SHALL be delivered as an executable model in the environment DigSilent 
PowerFactory Version 2018 and later versions, e.g. Version 2020 

SHALL be pre-parameterised with the settings recommended for the site of the 
BESS application and bear those as default values 

SHALL be executable on Windows 64 bit machines 

 

Required supplier studies 

Suppliers are requested to provide evidence on the feasibility of fulfilling the defined 
requirements or the need to adjust the requirements. This may be done e.g. by means of 
studies based on data provided by EON and SSEN to the suppliers and with consideration of 
further requirements to be agreed on. 

At the time of writing the following non-exhaustive list represents the project team’s view 
on feasibility assessments to be conducted: 

1. Voltage quality and current quality as well as frequency stability 

o While feeding asymmetrical loads operating in parallel with the grid 

o While feeding asymmetrical loads in islanded operation 

2. Continuous operability during the following externally imposed grid situations 

during Grid Parallel operation 

o Asymmetrical voltages 

o Frequency deviations from nominal frequency 

o Further voltage quality issues 

3. Stability of BESS operation during Grid Parallel operation (not faults) both 

o During the following different grid conditions: 

▪ Normal operation 

▪ Frequency excursions 

▪ Voltage excursions (not sags) 

▪ Asymmetrical loads and voltages 

▪ Different 11kV Load and DER infeed scenarios 

▪ Load and DER fluctuations in 11kV 

▪ Switching events in 11kV / 33kV including energisation of grid parts 

o During the following different BESS operational situations: 

▪ Standby / Idle 

▪ Delivery of Services 

▪ Charging / Discharging outside Services  

▪ Controlled as a Voltage Source or Power/Current Source 
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4. Stability of BESS operation during Islanded operation (not faults) 

o As per the requirements for assessment of stability during Grid Parallel 

operation (see above), but limited to the 11kV network 

o Additional aspects: 

▪ Loss of DER units 

▪ Common mode loss of DER 

▪ Switching of large customer loads, eventually motor loads 

▪ Switching of grid sections / feeders 

5. Seamless transition from grid parallel to islanded mode 

o Planned, e.g. 

▪ from normal operation 

o Reactive/unplanned, triggered by the BESS EMS, e.g. 

▪ in response to voltage sags, frequency excursions and combined 

events superimposed by overlaying grid (>= 33kV) 

▪ in response to loss of mains situations, including issues on the 33kV 

grid feeder 

▪ With discrimination of faults on the 11kV network 

6. Blackstart of the 11kV Island 

o Special requirement: No voltage ramping or dropping with customers 

connected 

o Blackstart under different situations 

▪ “Warm start” after outage with “warm” BESS system 

▪ “Cold start” after outage with “cold” BESS system 

7. Seamless transition from islanded to grid parallel mode 

o Planned only 

o Without loss of BESS or DER connected at 11kV 

8. Loss of Mains detection / Anti-Islanding detection in Grid Parallel operation 

o Issue on the 33kV grid feeder 

o Issue on the wider EHV network  

9. Fault ride through behavior, fault current provision and transient stability of BESS  

o During different operational modes: 

▪ Grid Parallel Operation 

▪ Islanded Operation 

o Starting from different pre-fault situations 

o Under different fault types 

▪ asymmetrical / symmetrical 
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▪ short circuit / earth fault / combination 

▪ interruptions of one or two conductors 

o Under different fault locations 

▪ overlaying grid (>=33kV)  

▪ 11kV grid downstream 

• faults near to the busbar 

• fault along the 11kV feeders 
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Appendix 3 – BESS Single Line Diagram 

 

 
Figure 9 - Simplified Single Line Diagram of Drynoch Primary Substation with BESS 
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Appendix 4 – BESS protection settings 

Table 6 - Minimum protection setting for proposed BESS system at Drynoch primary substation 

 

Panel 

Ref. 

Designation Duty Current 

Transformers 

Protection and Metering Control Voltage 

Transformers 

Comments 

TR1 Incomer from 

2.5MVA 

33/11kV Grid 

Transformer 

TR1 

630A 400/5 class 5P10  DOC (67), DEF(67N) Refer to specification for control 

methodology for operation of the 

CB in local and remote. 

Remote control is via the BESS 

EMS 

1. Feeder 

Connected 

2. Busbar 

Connected 

AVC, REF, SBEF and metering in stand-alone panels 

Check Synch is to prevent out of synch closure under local 

control. Synch is via the BESS EMS 

Grid Transformer Main Buchholz (80) and Winding Temperature 

(26) trip signal to CB 

400/1 class PX REF (64) 

150/1 class 5P10 LDC/AVC 

300/5 class 0.5 Metering and Power Quality Recording 

 Check Sync (25C) 

011 Carbost / 

Teed Crosall 

630A 200/5 class 5P10 OC (50/51), EF (50N/51N), SEF (51NSBY) 

DAR (79) 

CB has Point of Wave (POW) 

Closing  

Control is from DNO control 

 CB is used for load shedding/restoration under Black Start 

conditions by DNO Control. Refer to EMS specification. 

012 Braemeadle 630A 200/5 class 5P10 OC (50/51), EF (50N/51N), SEF (51NSBY) 

DAR (79) 

CB has Point of Wave (POW) 

Closing  

Control is from DNO control 

 CB is used for load shedding/restoration under Black Start 

conditions by DNO Control. Refer to EMS speciation. 

B1 Incomer from 

3MVA 

0.4/11kV 

BESS 

Transformer 

B1 

630A 400/5 class 5P10  DOC (67), DEF(67N) G99 Compliant Protection (within 

EMS Container) 

Refer to specification for control 

methodology for operation of the 

CB in local and remote 

1.Feeder 

Connected 

Check Synch is to prevent out of synch closure under local 

control. Synch is via the BESS transformer LV CB 

BESS  Transformer Main Buchholz (80) and Winding 

Temperature (26) trip signal to CB 

G99 Protection acts on Transformer LV CB and is  blocked in 

‘Island’ Mode 

300/5 class 0.5 Metering and Power Quality Recording 

 Check Sync (25C) 

Key to Protection Relay Codes: OC – Overcurrent (ANSI Code 50/51), EF - Earth Fault (ANSI 50N/51N), REF - Restricted Earth Fault (ANSI Code 64), SBEF - Standby Earth Fault (ANSI Code 51NSBY),  

DOC - Directional Over Current (ANSI Code 67), DEF - Directional Earth Fault (ANSI Code 67N), Check Synch (ANSI Code 25C), WTT - Transformer Winding Temperature Trip (ANSI Code 26), Transformer Buchholz Trip (80), AVC – 

Transformer Automatic Voltage Control  


