
 
 
 
 

 

 
 

 

 
E.ON Detailed Design Report (DDR) 

 

 

 

 

Handed over by: E.ON Business Solutions GmbH 

Status: Final 

Confidentiality: For Publication 

Version: V1  

Date: 07/10/2021 

  



07.10.2021  1 

Key Contributors 

Name Company E-Mail 
Dr. Tilman Wippenbeck Westnetz GmbH tilman.wippenbeck

@eon.com 
Gerrard Elliott E.ON UK Heat Ltd I&C 

Solutions  
gerrard.elliott@eon.com 

Inigo Berazaluce-
Minondo 

E.ON Group Innovation GmbH inigo.berazaluce-minondo@eon.com 

Andrew Roome 
 

CPW LLP andrew.roome@cpwp.com 

 

Version Control 

Version Date Owner Status 
1.0 07/10/2021 E.ON Final issue following 

review 
 
 

   

 

Reviewers 

Name Company Job Title Review Status 
Maciej Fila Scottish and Southern 

Electricity Networks 
Technical Authority - 
Innovation 

Completed 

Sarah Rigby Scottish and Southern 
Electricity Networks 

Project Delivery 
Manager - Innovation 

Completed 

 
 

   

 

  



07.10.2021  2 

1. Table of Contents 

2. Project Abstract ............................................................................................................................... 4 

3. Executive Summary ......................................................................................................................... 7 

4. Introduction ..................................................................................................................................... 9 

4.1. Scope and Structure of the Detailed Design Report (DDR) ..................................................... 9 

4.2. Description of Drynoch Primary Substation .......................................................................... 10 

4.2.1. Location of the Site ........................................................................................................ 10 

4.2.2. Existing Primary Substation Arrangement .................................................................... 11 

4.2.3. Distributed Generation Connected to the 11kV Network ............................................. 11 

4.3. Resilience service requirements ............................................................................................ 12 

5. Responses to the RfI from Suppliers ............................................................................................. 13 

5.1. General .................................................................................................................................. 13 

5.2. Review of the RfP Enquiry Responses - Overview ................................................................. 13 

5.3. Review of the RfP Enquiry Responses - Specific Points ......................................................... 14 

6. Engineering Requirements Defined by the Suppliers’ Grid Studies .............................................. 22 

6.1. Introduction ........................................................................................................................... 22 

6.2. Revision of FEED protection system studies ......................................................................... 24 

6.3. Verification of FEED protection system studies .................................................................... 27 

6.3.1. Methodology and Modelling ......................................................................................... 27 

6.3.2. Verification of FEED Off-Grid BESS Fault Studies Model ............................................... 29 

6.3.3. Conclusions on the FEED validity ................................................................................... 37 

6.4. Assessment of the Impact on FEED Fault Study Conclusions ................................................ 38 

6.5. Supplier Evaluation of BESS and System Level Requirements .............................................. 40 

6.5.1. Planned Transition From On-Grid to Off-Grid Mode..................................................... 40 

6.5.2. BESS Fault Ride Through Capability in On-Grid Operation ............................................ 41 

6.5.3. Stability of the BESS during On-Grid Disturbances ........................................................ 41 

6.5.4. Reactive Transition to Off-Grid Operation .................................................................... 42 

6.5.5. Off-Grid Black Start ........................................................................................................ 50 

6.5.6. Fault Ride Through in Off-Grid Operation ..................................................................... 55 

6.5.7. System Stability in Off-Grid Operation .......................................................................... 60 

6.5.8. Planned Transition from Off-Grid to On-Grid Operation .............................................. 61 

6.6. Conclusions ............................................................................................................................ 62 

6.6.1. Grid Protection System Performance ............................................................................ 62 

6.6.2. BESS and System Requirements Evaluation and Engineering ....................................... 62 

7. BESS Design for Drynoch Primary Substation ............................................................................... 67 

7.1. BESS Sizing ............................................................................................................................. 67 



07.10.2021  3 

7.1.1. BESS Energy Capacity..................................................................................................... 67 

7.1.2. BESS Inverter Sizing ....................................................................................................... 68 

7.1.3. BESS Transformer Sizing ................................................................................................ 69 

7.2. BESS Layout ........................................................................................................................... 69 

7.2.1. BESS Spatial Requirements ............................................................................................ 69 

7.2.2. Battery Components ..................................................................................................... 73 

7.2.3. BESS Inverter ................................................................................................................. 73 

7.2.4. Cabling Installations ...................................................................................................... 74 

7.2.5. BESS Transformer .......................................................................................................... 74 

7.2.6. Earthing Arrangements ................................................................................................. 75 

7.2.7. Protection Design for Loss of Mains .............................................................................. 76 

7.2.8. Power Quality Analysers ................................................................................................ 78 

7.3. Boundaries of Scope Between the RaaS Service Provider and DNO ..................................... 78 

8. RaaS Operational Considerations .................................................................................................. 80 

8.1. Scenario 1 - Active Islanding Procedure ................................................................................ 80 

8.2. Scenario 2 - Resynchronisation Procedure ............................................................................ 81 

8.3. Scenario 3 - Black Start Procedure ........................................................................................ 81 

8.4. Integration of DG into the Operational Scenarios ................................................................. 82 

8.5. Additional Protection Associated with Operations ............................................................... 83 

8.6. Control Interfaces to SSEN .................................................................................................... 83 

9. Report Summary ............................................................................................................................ 85 

10. Key Learning .................................................................................................................................. 87 

 
 

 

  



07.10.2021  4 

2. Project Abstract 

This abstract summarises the aims and structure of the overarching innovation project to provide 
context for the Detailed Design Report (DRR). The report takes forward the content of the original 
Front End Engineering Design (FEED) that was created as an initial design document issued for peer 
review to invite scrutiny from a wide range of external stakeholders. By inviting proposals from 
potential BESS suppliers, the detailed design work has validated the technical concept using 
commercially available equipment and components for the BESS, in order to arrive at a scope for a 
contract specification (which will form the Request for Quotation (RfQ)) to be issued to suitable 
suppliers to seek a firm price for the works and equipment required for the trial phase of the project.   

The RaaS - Resilience as a Service - project 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; 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 market-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 project will determine how network resilience can be improved in a cost-effective manner for 
customers in areas susceptible to power outages, where traditional reinforcement or use of DNO 
owned standby generation to improve security of supply would be prohibitively costly. This can be 
achieved by a DNO procuring RaaS from a third-party service provider, who may also stack revenues 
through participation in other flexibility markets. In addition to developing the technical solution, the 
project seeks to evaluate the financial case from a DNO perspective while giving insight to potential 
RaaS service providers on the investment case necessary, and optimal flexibility markets to operate in. 
The Resilience as a Service concept offers a market-based solution to improve operational reliability 
and provide customers with a low carbon, cost effective and secure electricity supply.  

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.  

This Detailed Design Report includes studies provided by suppliers utilising BESS system models with 
their vendor specific equipment control firmware and electrical parameters, to further test the 
technical concept and validate the FEED conclusions.  

The next step will be to invite firm quotations from the selected suppliers by issuing a detailed 
engineering specification as part of a tender process for the delivery, testing and commissioning of the 
system for operation during the trial phase of the project. This report will inform the Request for 
Quotation (RfQ) documentation. It is anticipated that the trial phase will commence in 2022, subject 
to a positive Stage Gate decision towards the end of December 2021. 

The project is structured with the eight working packages described below. 
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WP1 – Project Management 

WP1 contains all core project management activities carried out by each partner, with Costain leading 
the overall coordination. 

WP2 – Front End Engineering Design  

Initial design phase for the BESS and associated EMS to form the foundations for creating the detailed 
design for the demonstration site.  

WP2 includes the following high-level tasks: 

• Demonstration site selection and proposal development 
• Front End Engineering Design (FEED) for the RaaS BESS and associated EMS 

WP3 – Detailed Design 

The Detailed Design concentrates on the technical design of the RaaS scheme and establishing the 
parameters in which the trial will operate.  

WP3 will include the following high-level tasks: 

• Identification and qualification of potential equipment suppliers 
• Detailed design of controls, electrical integration, available Distributed Generation (DG) and 

the BESS 
• Supplier selection and Energy Management System (EMS) development 
• Construction, integration, commissioning and testing plans for the demonstration 
• Development of the Trial Programme 
• Health and Safety assessment 

WP4 – Operational Optimisation  

The conversion of market interactions analysis into a practical control system to be demonstrated in 
the operational phase of the project.  

WP4 will include the following high-level tasks: 

• Market analysis and techno-economic modelling 
• Market integration 
• Demonstration platform development 

WP5 – Business Model 

The detailed Design and Operational Optimisation outputs are brought together and expanded to form 
the Business Model for potential RaaS suppliers. 

WP5 will include the following high-level tasks: 

• Construct investment business case for RaaS supplier 
• Draft Heads of Terms for RaaS method 
• Develop the revenue stacking methodology 
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WP6 – Supply Chain Engagement  

Accelerating the pace of RaaS market development by ensuring all DNOs and other potential market 
participants have the skills, tools and confidence to procure or provide RaaS solutions. 

WP6 will include the following high-level tasks: 

• Deep dive investigation into the full applications of the RaaS across Great Britain and lessons-
learned activities from WP2-WP5 

• Create system model and enterprise design of the RaaS system 
• Use RaaS requirements to define value structure and produce proposed commercial strategy 

for the project 
• Market consultation and engagement with potential RaaS service providers and supply 

chains 
• Optimisation of commercial, delivery and operational models for RaaS 

WP7 – Demonstration Delivery and Operation 

Construction of the RaaS demonstration scheme and implementation based on the Detailed Design 
and Trial Programme. The project will install and operate RaaS at the selected trial site, and following 
successful demonstration will develop plans for a second site to be implemented beyond the 
conclusion of the project. 

WP7 will include the following high-level tasks: 

• Procurement of assets, products and services 
• Permitting and construction of RaaS and network assets 
• System integration  
• Commissioning and testing 
• Training 
• Operation, Monitoring and optimisation 
• Conclusion of the trial via decommissioning of assets or transfer to business as usual and 

ongoing operation 

WP8 – Dissemination  

WP8 contains all dissemination and documentation for the project as a whole and all work package 
specific activities. 

• Dissemination will occur throughout the project by way of presentations, publications, and 
events tailored to the relevant project stakeholders 

Dissemination will be carried out in line with key stages of RaaS, and in conjunction with other relevant 
innovation projects and the ENA’s Open Networks project. 
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3. Executive Summary 

The Resilience as a Service (RaaS) Front End Engineering Design (FEED) report1 provided an overview 
of the technical requirements for the proposed solution, including detailed analysis regarding key 
aspects of how the third party owned system would integrate with the existing electricity distribution 
network. This Detailed Design Report (DDR) reflects the subsequent engagement with potential BESS 
suppliers to validate the conclusions of the FEED report based on modelling which reflects the specific 
control firmware of available equipment, and associated performance and protection parameters. As 
a result, the proposed design of the Battery Energy Storage System (BESS) for the RaaS demonstration 
has been validated, with this work also supporting the incorporation of some new functionality 
proposed by suppliers, which can simplify some procedures such as the Black Start power restoration 
process. The studies have focused on the selected RaaS demonstration site of Drynoch primary 
substation2 on the Isle of Skye. The suppliers that have collaborated in the studies are Hitachi ABB 
Power Grids and Loccioni, who were selected through an RfI (Request for Information) and RfP 
(Request for Proposal) process as described in Section 5. 

Based on the extensive grid studies of the existing Drynoch 11kV network undertaken by the E.ON 
project team during the FEED, two DigSilent PowerFactory models - one full and one simplified - of the 
Drynoch network were agreed with SSEN and shared with selected system suppliers. One supplier was 
able to undertake part of the studies using the full model and the remainder using the simplified model, 
while the other supplier built an equivalent simplified model in Matlab Simulink. Following comparison 
of the results from the different models, the RaaS project functionality has been simulated and 
evaluated by the suppliers and agrees broadly with the results of the FEED model. 

A key functionality of the RaaS solution is to be able to achieve a seamless transition from Grid 
Connected mode to Islanded mode in the event of system failure/blackout on the Grid (primarily 
considering a fault on the 33kV supply). This DDR is based on the agreement with SSEN to install a Loss 
of Mains (LOM) protection relay that will provide an indication of the status of the incoming 33kV line 
(by monitoring the voltage on the supply side of the Drynoch primary transformer 11kV circuit 
breaker), detect an ‘out of range’ event that causes the relay to pick up, and provide a signal to the 
BESS to switch state from Current Source (Grid Following) mode to Voltage Source (Grid Forming) 
mode. After a pre-set time delay (provisionally proposed of up to 70ms, but the exact value to be 
determined during further studies and commissioning), the primary transformer is to be disconnected 
from the Drynoch primary substation 11kV busbar by opening the 11kV circuit breaker (CB), which will 
place the local 11kV network in Islanded mode. The simulations undertaken by the suppliers have 
indicated that the BESS Power Control System (PCS) switches to Grid forming mode effectively 
immediately at <20 ms, while the circuit breaker is expected to take longer to open  at around 20-
100ms, thereby resulting in the 70ms figure mentioned previously. This would allow the inverter to 
ride through the transition and achieve a stable island condition post switching.  

The EREC G99 compliant LOM relay that operates on the BESS LV CB will be blocked to prevent 
disconnection of the BESS and provide sufficient time for the converter to change mode to Grid 
Forming. 

  

 
 

1 RaaS ‘Front End Engineering Design (FEED)’ report (v2.0), February 2021 
2 RaaS ‘Site Selection Report’ report, February 2021 
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A condition where seamless transition may not succeed (according the studies of one supplier), would 
be when a 3-phase fault results in no residual voltage on the system to act as a reference to the BESS 
PCS before it changes to grid forming mode. Although this is considered to be a highly unlikely scenario, 
this is addressed through the possibility of Black Starting the entire 11kV Drynoch distribution system. 

Information from the BESS suppliers has confirmed that switching the working mode of the PCS such 
that it operates in Grid Following mode when in parallel with the Grid and Grid Forming mode when 
islanded, is the most appropriate solution for this project.  

Performing a Black Start of the entire 11kV Drynoch system is also considered a feasible option by 
suppliers, without the need of additional systems to limit inrush current - Point on Wave switching on 
the outgoing feeder circuit breakers of the two substation feeders had been considered within the 
FEED - with a simple switching process of both outgoing feeder circuit breakers. A Black Start requires 
high inrush currents to be supplied by the BESS for a short time, which potentially could exceed the 
capability of the BESS PCS. However the suppliers´ simulations have shown that the current limiting 
mode of the PCS enables it to handle the predicted inrush current for a sufficient period of time to 
accommodate the magnetising inrush currents of the downstream transformers and remain stable. 

The results of simulations performed by the suppliers show that, for a RaaS solution with the proposed 
BESS inverter rating of 6MVA and a battery able to provide up to 6MW of fault current for 3 seconds, 
it is possible to retain the existing network protection scheme at Drynoch to operate safely in Islanded 
mode and maintain selectivity. The impact of including real, vendor specific models of the BESS 
components in the simulation studies modifies the RMS fault values used in the FEED, but these remain 
within acceptable limits that do not change the conclusions arrived at in the FEED.  The studies of both 
suppliers show that if the PCS enters current limiting mode during a fault, it will be able to remain 
stable in that mode until the fault clears or the PCS disconnects after a specified programmable time 
(i.e. 3 seconds), which provides certainly of the operation of the system. 

System stability in On-Grid and Islanded operation has also been evaluated. Several cases have been 
analysed for faults, particularly in Islanded mode as this represents a significantly different use of the 
grid. The simulations have proven that the system can remain stable during various types of faults, 
including feeder disconnections, and loss & reconnection of DERs. However, due to limited information 
about customer loads and DER generation there is some degree of uncertainty regarding stability of 
the system. Suppliers’ experience based on previous projects has been used for the stability 
assessment. 

Section 6 describes in more detail the simulation work done and the positive evaluation of the 
expected RaaS performance. Some risk remains, however, primarily as no firm insight into the 
operation of and interaction with other “active” grid-connected components such as DERs and motor 
loads could be fully obtained from network studies. However, the experience of the suppliers and the 
results of their modelling studies are sufficiently robust to give a good degree of certainty as to the 
behaviour of the system during faults, the critical clearing times, and the after fault clearing transient 
stability for the Drynoch system.  

References to experience from other projects applying a BESS scheme shows the uniqueness of the 
application of RaaS on the Drynoch network, and this stresses the importance of gaining more 
experience from other existing systems. 

The final BESS system specification is presented in Section 7, and the requirements for Grid integration 
have not changed with respect to the FEED report. This specification will be the basis for the RfQ 
process to follow in subsequent project work, which will further inform the budget required for and 
planning associated with the implementation of the pilot scheme at Drynoch. 
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4. Introduction 

This section sets out the scope of the Detailed Design Report (DDR), describes the selected trial site, at 
Drynoch, and defines the Resilience service requirements for the 11kV network. 

 

4.1. Scope and Structure of the Detailed Design Report (DDR) 

The FEED document provided a detailed overview of the technical requirements for the Resilience as 
a Service (RaaS) solution, including detailed analysis on key aspects of how the third party owned 
system will integrate with the existing network. This Detailed Design Report (DDR) reflects the work 
done together with selected suppliers to validate the conclusions of FEED report based on modelling 
using the control parameters and settings available in the suppliers’ models of the equipment that they 
are offering and real performance and protection parameters.  

The suppliers that have collaborated in the studies are Hitachi ABB Power Grids and Loccioni, who were 
selected after an RfP process described in Section 5. These companies have been engaged to undertake 
their own system modelling to validate or modify the results presented under the ‘Grid Studies’ section 
of the FEED Report, using the actual equipment proposed by them in their responses to the RfP 
enquiry. This will provide detailed information as to how the scheme will function. Section 6 describes 
the Grid studies updated by E.ON from the FEED and the studies performed by the two potential 
suppliers, presenting a summary and conclusions arising from the results. 

Section 7 describes the resulting BESS design and Section 8 the operational procedures that will have 
to be implemented to achieve the expected functionality of RaaS project. These two sections will be 
the basis for the RfQ process which will determine the final budgets and implementation programme 
to fulfil the Work Package 3 objectives. 

An overall summary and key learnings are then presented in the final two sections.  
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4.2. Description of Drynoch Primary Substation 

4.2.1. Location of the Site 

This information was presented in the FEED Report but is also included here for ease of reference. 

Drynoch is located near the south-east tip of Loch Harport on the west coast of Skye in the Highlands 
of Scotland (see Figure 1), and supplies power to around 1000 customers connected to the electrical 
grid. It is a 33kV to 11kV primary substation 33kV with a single 12.15 km radial line. The peak demand 
over the last five years was 1.78MVA, and 0.73MVA of embedded generation connected to the 11kV 
network. Over the last five years, a total of 17 supply interruption incidents have been recorded, of 
which 6 were classified high CIs (>500 customers). The average time off supply across these incidents 
was 34.8 minutes. 

The substation is located in a fenced compound beside the B8009 and alongside the River Drynoch, 
south of Drynoch village (Figure 2). 

 

Figure 1 - Location of Drynoch on the West Coast of Skye 

Location of Drynoch 
Primary Substation 
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Figure 2 - Location of Drynoch Primary Substation 
 

4.2.2. Existing Primary Substation Arrangement 

Drynoch primary substation is connected on a single radial feeder at 33kV from Broadford Grid, with 
the main equipment within the substation compound being: 

• A single 2.5MVA Yyn0 33/11kV (outdoor) oil filled transformer connected to the incoming 
overhead line. 

• A neutral/earthing connection that connects the 11kV winding of the above transformer to 
earth. 

• A secondary 11kV switchboard that has an incoming circuit breaker from the transformer and 
two outgoing circuit breakers which feed to Braemeadle and Carbost/teed Crossal. 

4.2.3. Distributed Generation Connected to the 11kV Network 

The DG (also referred to a DER’S in this report) associated with Drynoch (connected to the 11kV 
distribution network downstream of the substation) comprises the following existing and planned 
installations:  

• Two wind turbines – existing installations, one with a maximum export capacity (MEC) of 
0.33MW and one with a MEC of 0.30MW. 

• One hydroelectric scheme with a MEC of 0.10MW 

Location of Drynoch 
Primary Substation 
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4.3. Resilience service requirements 

The FEED Report was based on a definition of the Resilience Service to cover the load of the site for a 
duration of 4 hours for 90% of the hours of the year. For this report the definition is modified to a 
duration of 3 hours for 90% of the hours of the year, to have the possibility to optimize the BESS design 
and match the project budget.  

A minimum usable energy of 3MWh available for the Resilience service is therefore used in this report 
when defining the BESS minimum system specification. This minimum specification will be combined 
with the results from the suppliers’ Grid Studies, further defining the requirements for the battery, 
such that a coordinated integration with the Drynoch protection system is achieved and so that the 
battery can deliver sufficient power to achieve all expected functionalities.  

The further resolution of the requirements for the battery will be undertaken by the selected suppliers 
in their final RfQ proposals; this DDR summarises the initial conclusions from the proposals.  

The five-year load data for Drynoch primary substation (in MVA) used for this analysis is shown in  
Figure 3 below. The zero demand points are assumed to be missing data. 

 

 

Figure 3 - Drynoch load data from 2015 to 2019 (including local DG (DER)) 
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5. Responses to the RfI from Suppliers 

5.1. General 

An RfI (Request for Information) enquiry document was issued to a number of suppliers of equipment 
that were deemed suitable organisations to undertake the design and installation of the RaaS. The 
named suppliers were then selected through open procurement activities which engaged with the 
wider market. 

The responses from the suppliers represent the best available technology for Grid Connected / 
Islanded mode BESS that is commercially available, such that the solutions proposed for the RaaS 
installation are easily scalable/transferable to other potential sites following the evaluation of the 
scheme at Drynoch. 

 

5.2. Review of the RfP Enquiry Responses - Overview 

A review of the responses from the named suppliers to the RfP Enquiry resulted in clarifications being 
sought on the equipment being proposed, and an acceptable outline specification was agreed for the 
equipment, which resulted in some deviations to the original specifications listed in the FEED Report. 
These deviations were deemed to be acceptable and are summarised in the table below.   

Following receipt of responses from specialist organisations deemed capable of providing the design 
and installation of the complete BESS solution for RaaS, two organisations were identified as being 
suitable to carry the design process through to the next stage, which would result in detailed modelling 
being undertaken by the suppliers. 

The two organisations are: 

• Hitachi ABB Power Grids 
• Loccioni 

Both suppliers have generally followed the design intent of the FEED Report; the main differences 
between their offers being related to the configuration of the PCS units and the batteries, as these are 
particular to the type of PCS that has been selected. SLD’s of both offers are included in the 
commentary of Section 5.3 to illustrate the configurations. 

The following key parameters of the equipment and systems being offered by the two named suppliers 
are listed below (in their initial offer and in subsequent discussions, which amended the specifications 
in some instances), and how these have changed from the original FEED Report: 
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Table 1. Key Parameters provided by the two named suppliers 

Item FEED Report Hitachi ABB Loccioni Comments 
BESS 

Transformer 
3MVA, KNAN, 

11,000/400V, ynd11 
Z = 8% (max) on rating 
Tier 2 to EU EcoDesign 
Regulation 548/2014 

3MVA, KNAN, 
11,000/690V, ynd11 

Z = TBC  
Tier 2 to EU EcoDesign 
Regulation 548/2014 

3MVA, AN, 11,000/415/415V, 
ynd11d11  

Z = 6% on rating 
Tier 2 to EU EcoDesign 
Regulation 548/2014 

Both suppliers are offering cast 
resin transformers, which are 
considered acceptable with 
consideration given to 
environmental conditions 

BESS PCS 
Rating 

Rated Power 6MVA 
Peak Active Power: 

1.2p.u. = 6MW 
(6MW/3s, 3MW 

continuous) 

6MVA (4 x 1.5MVA) 
(Four modules) MEC 

6MW 

5.9MVA  
(in two modules, each with 

three units) 

1. HABB offer an ABB PS1000 
system 

2. Loccioni offer a Danfoss Vacon 
NXP Grid Converter based 
system 

BESS Short 
Circuit Max. 

Capacity 

6MVA for 3s 4No. 1.5MVA 
Converters, total 

capacity = 6MVA for 
3s 

500% MEC for up to 5s. Active 
Current Limit- 300% 
In the simulation studies: 
• 140% Maximum SC Level 
• 150% for output current 

limit 
• “Current Limit” set to 115% 

(the injected current when a 
fault is detected). 

Settings are in line with the 
requirements of the modelling 
studies. Refer to Section 6 for more 
information 

BESS 
Batteries 

4.2MWh (3.5MWh min 
at EOL to cover 90% of 

all potential 4-hour 
outages) 

16No. Battery Racks,  
C Rate =1  

total nameplate 
capacity = 5.96MWh  
Estimated 3.69MWh 
of usable energy at 

EOL (AC) 

40No. Battery Racks = 4.48 
MWh of nominal capacity  
C Rate =1 for the for the 

battery with C Rate =2 for the 
cells 

 3.65MWh of usable energy at 
EOL (full power) 

 

 

5.3. Review of the RfP Enquiry Responses - Specific Points 

Specific points were also identified in the return submissions from the two suppliers, and these are 
listed below, together with commentary and observations. Some of these items have been reviewed 
with the suppliers, and the modifications (where relevant) to their technical offers are highlighted. 
Refer to Section 6 of this report for the pertinent results from the suppliers’ studies, which provide 
clarification to some of the issues raised. 
 
Where no comments have been made the offer is deemed to be fully in compliance with the brief 
listed in the RfP document (which in turn complies with the FEED Report). 
 
 

A. Hitachi ABB 

The following are key points that were discussed during the evaluation of the response from Hitachi 
ABB (HABB) to the RfP: 

i) The configuration of the system proposed by HABB in their offer is outlined in the SLD in 
Figure 4. 
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Figure 4 - SLD Detailing the Scope of the Offer Received from Hitachi ABB 

 
ii) The system studies are currently being conducted with a transformer size of 3 MVA. The 

transformer size originally proposed by HABB was 6.6MVA, but this was modified to 3MVA 
in line with the requirements of the FEED Report. 
 

iii) The BESS transformer was changed from the liquid filled (KNAN) type specified in the FEED 
Report to a Cast resin insulated (AN) type with an IP rating for the BESS transformer of 
IP44. The transformer assembly is moisture proof and suitable for operation in humid or 
heavily polluted environments. It was demonstrated that this was the most cost-efficient 
option, whilst still fulfilling the technical requirements of the project. 

 
iv) Anti-condensation space heaters are included in the transformer enclosure. 

 
v) The BESS transformer conforms to BS EN IEC 60076, which is in line with the key clauses 

within ENA TS 35-1.   
 

vi) The transformer complies with the EU regulation efficiency requirements as it becomes 
applicable from 1st July 2021. 

 
vii) HABB state that the secondary voltage of the BESS transformer at 690V is dependent on 

the required DC voltage range from the batteries. A different solution with inverter 
coupling voltage in the range of 450 - 470 V will be evaluated for the firm offer, also 
afterward the outcome of the study. 
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viii) It has been confirmed by SSEN that a solid earth connection for the 11kV winding of the 
BESS transformer is required, exact configuration to be confirmed. 
 

ix) HABB have to confirm the required capacity of, and where they will obtain their auxiliary 
LV supply from. SSEN cannot provide an 11kV supply for a separate auxiliary transformer, 
which HABB have detailed on their SLD. Agreement needs to be reached with SSEN and 
HABB. 

 
x) HABB did not confirm the LVRT curve for their converters (requirement of the FEED Report 

to operate down to 0p.u. voltage for 1sec. The results of HABB’s system studies should 
show this. 

 
xi) HABB have not allowed for a distributed control system (commonly used in micro-grids for 

interfacing with DER’s). This was not a requirement of the FEED Report, and HABB will 
need to demonstrate as part of their system modelling that the BESS being offered by 
them can maintain stability without such an interface. 
 

xii) HABB had excluded intruder alarm and CCTV systems from their offer. These are a 
requirement of the FEED Report and must be included. If invited to participate in the RfQ 
process, they must include for these at that stage. 

 
xiii) The UPS supporting the BMS, EMS and BESS Inverter control systems has been selected by 

HABB as having 1 hour autonomy. This is subject to amendment when Black Start protocol 
is more adequately defined. 

 
xiv) HABB have stated that the design and supply of MV cables as well as other cabling is 

excluded from their offer. If invited to participate in the RfQ process, they must include for 
these at that stage.  
 

xv) All civils works outside of the HABB supplies and external lighting is excluded. If invited to 
participate in the RfQ process, they must include for these at that stage.  
 

xvi) HABB have quoted that the values for the operative site conditions are as declared by them 
in clause 3.3 of their Technical Offer. HABB must confirm that these quoted conditions are 
applicable for the location at Drynoch. If invited to participate in the RfQ process, they 
must include for these at that stage.  

 
xvii) The design and installation of earthing and lighting protection is excluded from HABB’s 

offer. These are a requirement of the FEED Report should have been included in the offer. 
If invited to participate in the RfQ process, they must include for these at that stage.  

 
xviii) HABB have stated that the "active islanding detection" in the PCS can detect loss of mains 

and (if enabled) will automatically switch the PCS operation mode from grid following to 
grid forming. The HABB e-mesh secondary control ("EMS") then acknowledges that the 
PCS control mode has changed, cross checks and confirms islanded operation by 
verification of breaker status. Once confirmed, the secondary control also switches the 
operation mode to islanded (voltage and frequency control). This is broadly correct but 
will be modified by the interface with the SSEN LoM detection system (see later). 
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xix) At the same time, HABB propose that the EMS will close the BESS transformer 11kV 
winding neutral/earth contactor to restore an earth reference to the 11kV network as 
quickly as possible (utilising an electrical/mechanical interlock). This is in line with the FEED 
Report requirements. 

 
xx) HABB have stated that when in Grid parallel mode, the G99 compliant protection 

associated with the BESS (and configured to operate on the LV CB on the BESS 
transformer), will be active. It is crucial that the PCS rides through a Grid disturbance 
(potentially caused by a fault on the 33kV network connecting Drynoch primary substation 
to the Grid) and remain connected at its AC terminals. HABB propose that the EMS can 
issue a blocking command to the G99 protection relay. SSEN have confirmed that when 
the BESS is operating in parallel with the grid the standard G99 settings that would usually 
apply to a  BESS will be relaxed to provide better residence whilst still offering adequate 
LOM protection to the SSEN local network   

 
xxi) HABB have confirmed that when in Islanded mode, the BESS is the single source of voltage 

and frequency regulation for the 11kV network and supports the full network demand, in 
line with the requirements of the RfP. 

 
xxii) HABB confirm that the BESS will continue to support the network in Islanded mode until 

either the grid returns to a healthy state, or the BESS batteries fall below a threshold SOCmin 
value and shuts down.  

 
xxiii) When the Grid returns, this will be detected by voltage and frequency that are in range 

appearing on the feeder VT on the Grid side of the primary transformer 11kV CB by the 
EMS. "Healthy" state criteria will be agreed with SSEN and the parameters set accordingly.  
This also will apply to the setting for SOCmin. 
 

xxiv) If the BESS is available for service, the EMS will enable the synchronisation of the BESS 
inverter after a dwell time to prove that the Grid remains stable. A signal will then be 
relayed to SSEN’s RaaS Controller indicating that the BESS is available for re-synchronising 
to the Grid and then waits for a signal from the RaaS Controller to proceed. This will be 
combined and aligned with other logical statements to give permission for reconnecting. 
Once the proceed signal is received, the EMS will match the voltage and frequency across 
the primary transformer 11kV CB by monitoring across the feeder VT on the 11kV side of 
the primary transformer and the VT on the primary 11kV bus. When in limits, a ‘close’ 
signal will be relayed to close the primary transformer 11kV CB. The EMS will be able to 
issue the command to close 11 kV CB via a synch relay under permission from RaaS 
controller. This is all as agreed with SSEN. 

 
xxv) When operating in parallel with the grid, the BESS will operate as current controlled source 

in Grid following mode. The EMS will command this operational mode change after the 
synchronisation sequence is completed. 

 
xxvi) If the BESS is offline, and there is a loss of Grid due to a failure on the 33kV network feeding 

Drynoch primary substation, or the primary transformer 11kV CB trips, then the EMS will 
instigate a Black Start procedure under the control of SSEN via their RaaS Controller. When 
the BESS is available, the SSEN RaaS Controller will be notified, and a Black Start initiation 
procedure will be instigated. A ‘start-up signal’ will be relayed from the SSEN RaaS 
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Controller to the EMS and the RaaS Controller will open the primary transformer 11kV CB 
on request from the EMS (if it has not already tripped), which in turn will close the BESS 
transformer 11kV winding neutral/earth contactor to restore and earth reference to the 
11kV network. 

 
The EMS will start the first BESS Inverter module and synchronise to the 11kV ‘dead’ 
busbar in the primary substation via the BESS transformer LV CB (the BESS transformer 
11kV CB remains closed during this procedure).  To do this, the BESS LV CB will need to be 
open, but not ‘isolated’. The EMS starts up the remaining BESS Inverter modules and 
signals to SSEN Control that the BESS is available. SSEN restores the 11kV network via 
telecontrol, closing the remote transformers and the two outgoing circuit breakers on the 
Drynoch primary 11kV busbar in a controlled sequence to prevent transient overloading 
of the BESS as described in Section 6.2.5 of the FEED Report. SSEN agree that it should be 
possible to perform this test on site, however they will need to be confident that the BESS 
can handle the surge (whole feeder, feeder with POW or sections of 11 kV network).  The 
modelling study undertaken by HABB needs to confirm this and the risk evaluated.  

 
xxvii) The Network is then in Islanded mode, with the G99 Protection Relay associated with the 

BESS transformer LV CB blocked from operation. The DNO RaaS controller (with its PQM) 
will be monitoring the islanded operation and will issue warnings and trips as appropriate 
if conditions are not acceptable. 

 
B. Loccioni 

The following are key points that were discussed during the evaluation of the response from Loccioni 
to the RfP: 

i) The configuration of the system proposed by Loccioni in their offer is outlined in the SLD’s 
in the following figures (Figure 5, Figure 6 and Figure 7): 
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Figure 5 - 11kV SLD Detailing the Scope of the Offer Received from Loccioni 

 

 

Figure 6 - LV SLD (PCS1) Detailing the Scope of the Offer Received from Loccioni 
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Figure 7 - LV SLD (PCS2) Detailing the Scope of the Offer Received from Loccioni 

ii) Loccioni’s offer is generally compliant and inclusive, as no qualifications were made with 
respect to omissions etc. 
 

iii) The BESS transformer was changed from the liquid filled (KNAN) type specified in the FEED 
Report to a Cast resin insulated (AN) type with an IP rating for the BESS transformer is IP44. 
The transformer assembly is moisture proof and suitable for operation in humid or heavily 
polluted environments.  
 

iv) When a failure of the Grid occurs (loss of the 33kV feeder to Drynoch primary substation), 
the EMS within the BESS detects an out-of-range deviation of the frequency and voltage 
on the system and Loccioni have stated that they then trip the primary transformer 11kV 
circuit breaker (CB), disconnecting the Drynoch primary 11kV busbar from the grid, placing 
the local 11kV network in Islanded mode. This is broadly correct but will be modified by 
the interface with the SSEN LoM detection system with SSEN taking control of the tripping 
of the 11kV circuit breaker and relaying a signal to the BESS to transition to Islanded mode 
(see later). 
 

v) The way this is achieved as follows; slow Off-Grid transition conditions (e.g. voltage and/or 
frequency out of a specific band for seconds or minutes) are handled by the EMS (Loccioni 
define this as “intentional” islanding) that usually prepares the BESS in advance for the 
transition to island mode by changing the control mode from current source to voltage 
source. Fast transition conditions (e.g. protection external trip or voltage drop) can be 
handled hardwiring digital signals to the PCS control in order to achieve an instantaneous 
switch to Islanded mode (e.g. using a digital signal from SSEN for the PCC breaker position 
as input for islanded operation of the PCS). 
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vi) As the deviation in the system voltage and frequency and opening of the primary 
transformer CB will occur rapidly and the G99 compliant protection associated with the 
BESS Low Voltage (LV) circuit breaker will start to pick up on the deviation in voltage, the 
breaker will remain closed, as long as the primary transformer 11kV CB has opened within 
the 2.5s window for the undervoltage setting on the BESS LV G99 protection relay. At the 
same time the EMS having received a signal from the SSEN LoM detection system (which 
also opens the primary transformer CB) sends a ‘blocking’ signal to the BESS LV CB G99 
protection relay to prevent its further operation with the 11kV network in ‘island’ mode. 
SSEN have confirmed that when the BESS is operating in parallel with the grid standard 
G99 settings would apply to the BESS - however SSEN believe that there is a scope to relax 
it if required. This item is subject to a more detailed interface with SSEN and is discussed 
later. 

 
vii) In Islanded mode, the BESS is the single source of voltage and frequency regulation for the 

11kV network and supports the full network demand. 
 

viii) The BESS will continue to support the network in Islanded mode until either the grid 
returns to a healthy state, or the BESS batteries fall below a threshold SOCmin value and 
shuts down. Loccioni usually define this as below 10% SOC as at this value there may be 
limitations on the active power capability because the DC Voltage approaches minimum 
values. Loccioni’s previous experience has shown that an SOC of between 7-8% is the value 
where power starts to be limited on BOL tests. 

 
ix) When the grid returns, this will be detected by voltage and frequency that are in range 

appearing on the feeder VT on the grid side of the primary transformer 11kV CB by the 
EMS. . "Healthy" state criteria will be agreed with SSEN and the parameters set 
accordingly. If the BESS is available for service, the EMS will enable the synchronisation of 
the BESS inverter after a dwell time to prove that the Grid remains stable. An acceptable 
‘dwell’ time for the purposes of stability needs to be agreed with SSEN. A signal will then 
be relayed to SSEN’s RaaS Controller indicating that the BESS is available for re-
synchronising to the Grid and then waits for a signal from the RaaS Controller to proceed.  

 
x) The BESS will then operate in parallel with the grid, operating as a voltage source with the 

active and reactive power controlled by the EMS. 
 

xi) If the BESS is offline, and there is a loss of grid due to a failure on the 33kV network feeding 
Drynoch primary substation, or the primary transformer 11kV CB trips, then the EMS will 
instigate a Black Start procedure under the control of SSEN via their RaaS Controller. When 
the BESS is available, the SSEN RaaS Controller will be notified, and a Black Start initiation 
procedure will be instigated. A ‘start-up signal’ will be relayed from the SSEN RaaS 
Controller to the EMS and the EMS will open the primary transformer 11kV CB (if it has not 
already tripped), which in turn will close the BESS transformer 11kV winding neutral/earth 
contactor to restore and earth reference to the 11kV network. 

 
xii) The EMS will start the first BESS Inverter module and synchronise to the 11kV ‘dead’ 

busbar in the primary substation via the BESS transformer LV CB (the BESS transformer 
11kV remains closed).  
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xiii) The EMS starts up the remaining BESS Inverter modules and signals to SSEN Control that 
the BESS is available. SSEN restores the 11kV network via telecontrol, closing the remote 
transformers and the two outgoing circuit breakers on the Drynoch primary 11kV busbar 
in a controlled sequence to prevent transient overloading of the BESS as described in 
Section 6.2.5 of the FEED Report. SSEN agree that it should be possible to perform this test 
on site, however they will need to be confident that the BESS can handle the surge (whole 
feeder, feeder with POW or sections of 11 kV network).  The modelling study undertaken 
by Loccioni needs to confirm this and the risk evaluated. SEE LATER. 

 
xiv) The Network is then in ‘island’ mode with the BESS transformer LV CB G99 Protection Relay 

blocked. 

 

6. Engineering Requirements Defined by the Suppliers’ Grid 
Studies 

6.1. Introduction 

The main goals of the Detailed Design Report are to validate the FEED report results with simulations 
from suppliers based on real equipment models and with it, refine the BESS and system level design 
requirements in order to prepare the RfQ. 

The subsequent information obtained following the FEED stage, on the existing protection system at 
the Drynoch site, leads to a revision of the FEED protection system studies in Section 6.2 Revision of 
FEED protection system studies . 

A major uncertainty of the FEED protection studies has been the number of assumptions related to the 
potential behaviour of the BESS during various types of faults, in terms of fault ride through capability 
and the injection of fault current by the BESS. Based on suppliers’ simulation studies in Off-Grid fault 
cases, the FEED model of the behaviour of the BESS to faults has been evaluated in the context of the 
Drynoch site. This is evaluated and verified in Section 6.3. A worst-case analysis is performed to assess 
the impact of deviations observed on the protection system performance. 

Further uncertainties of the FEED are addressed by qualitative and quantitative assessments 
undertaken by the two suppliers following the RfP selection. Based on their experience accumulated 
during previous projects, and on the simulations undertaken specifically for the Drynoch site, the topics 
in Figure 8 have been addressed. 
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Figure 8 - Topics addressed in the Detailed Design. 

 

System level simulations performed by the suppliers faced a number of challenges summarised in 
Table 2. Those result in uncertainties which may cause risks to the satisfactory operation of the RaaS, 
as highlighted in the conclusions. 

Table 2. Obstacles on simulation studies experienced. 

Obstacles Examples 
Availability, sufficiency, and timely 
delivery of site-specific data required for 
modelling 

• customer owned distributed energy resources, especially fault behaviour and 
control 

• customer motor loads 
• secondary distribution transformer inrush characteristics 

Model exchange, interoperability, 
necessary conversion and licence issues 

• limits of existing software licences (e.g. number of nodes of full grid) 
• component parameter conversion between different simulation systems 

Model complexity and Solvability • Solutions failing on full grid model 
Resources and Timeline • Late provision of data, e.g. DER data 

 

The feasibility of requirements proposed in the FEED and the RfP are evaluated and recommendations 
on revised, additional and yet to be defined requirements are provided, in detail, in Section 6.5 Supplier 
Evaluation of BESS and System Level Requirements. Approaches taken to overcome the 
aforementioned issues leading to necessary assumptions, simplifications and restrictions of 
investigations are highlighted throughout this Section. 

Requirements are summarised and the remaining risks following the Detailed Design process are 
evaluated within the conclusions of this section. 
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6.2. Revision of FEED protection system studies 

Due to the revised information which has been obtained (Table 3), the protection system studies that 
were outlined in the FEED have been partially revised. Methodology, models, Grid and BESS 
parameters, however, have been applied in same way as in the original FEED report. 

Table 3. Overview on revised protection system aspects. 

Category Revisions Remark 
MV protection relays Relay associated with PMCB “Feorling” is 

effectively out of operation 
Correction of PMCB “Glenndrynoch” 
settings 

- 

Transformer HV Fuses No fuses have typically been applied to pole 
mounted transformers 
Fuses have been applied on large ground 
mounted three phase transformers 

- 

Spur Fuses Additional spur fuses on DSO side 
incorporated in assessment 

- 

ASLs None ASL locations and settings known but not incorporated 
as ASL are not effective in Off-Grid operation as 
reclosing is requested to be disabled 

 

As highlighted in the introduction to this section of the report, no changes to the studies have been 
performed with regards to DER influence nor motor load influence. 

Revision of Grid only scenario 

Full selectivity is achieved regardless of the protection system changes. Figure 9 and Figure 10 show 
the topological and statistical distribution of the fault clearing times by the primary overcurrent 
protection systems including phase and zero sequence overcurrent criteria. 

 

Figure 9 - Topological distribution of 11kV fault clearing times in Grid only operation of Drynoch with updated protection 
system. 
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Figure 10 – Statistical distribution of 11kV fault clearing times in Grid only operation of Drynoch with update protection 
system 

For most of the fault locations the overall maximum clearing times are reduced in comparison to the 
original FEED report, due to the effect of the spur fuses and remain typically below 2.5s (FEED: 4s). 
However, the clearing time of 4.8s can be observed on one of the long spurs of feeder 11.  

Revision of BESS only 5MVA scenario 

By disabling the PMCB “Feorling” protection functionality and installing two new downstream PMCBs 
full selectivity is maintained. The resulting tripping times are shown in Figure 11 and Figure 12. 
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Figure 11 - Topological distribution of 11kV fault clearing times in 5MVA BESS only operation of Drynoch with updated 
protection system. 

  

Figure 12 - Statistical distribution of 11kV fault clearing times in in 5MVA BESS only operation of Drynoch with updated 
protection system. 

In comparison to the original FEED study, no decrease of the maximum tripping times is observed for 
faults close to busbar as these are not affected by the changes in the protection system. No critical 
prolongation of the tripping times is experienced by rendering the PMCB “Feorling” in Feeder 12 out 
of use. An increase of tripping times, that are almost instantaneous, is observable for peripheral faults 
that are protected by the spur fuses. The long spur of Feeder 11 shows a delayed fault clearing in 
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comparison to the FEED due to the revised settings of the PMCB “Glenndrynoch”. Still, those remain 
lower than in Grid parallel operation. 

Conclusions: 

• ASLs may be beneficial for selectivity and fault clearing in grid parallel operation but have no 
effect in off grid operation when reclosing is prohibited (a requirement of FEED relating to 
inrush current issues). 

• Spur fuses may be successfully tripped in islanded operation and are beneficial for reducing 
fault clearance times in laterals. 

• The omission of the PMCB “Feorling” in combination with the spur fuses is shown to neither 
critically affect fault clearing times nor selectivity for faults in the 11kV grid. 

• The protection settings of the PMCB “Glenndrynoch” may require tuning to shorten fault 
clearing in both Grid and Islanded operation. 

 

6.3. Verification of FEED protection system studies 

6.3.1. Methodology and Modelling 

The BESS fault behaviour was verified for the specific circumstances of the Drynoch site. To reflect this 
a reduced system model which was derived for off grid operation based on the original system’s 
maximum impedances per feeder (see Figure 13).  

 
Figure 13 - Positive sequence line impedances of original FEED model. 
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The reduced model depicted in Figure 14 contains two individual line segment models Feeder A 
(Feeder 11) and Feeder B (Feeder 12).  

 

Figure 14 - Reduced island model structure. 

These line segment models are parameterised in a way that 1p.u. of their length equals the respective 
maximum positive sequence feeder impedance. Varying the fault position on the line segments 
therefore covers all of the possible impedances of the full model with some small exceptions. The zero 
sequence impedances of the line segments are chosen as three times their positive sequence 
impedance.  

The BESS transformer is modelled explicitly. Its parameters are specific to each individual study, 
resulting in different values for the FEED and the suppliers’ studies. Secondary distribution 
transformers have not been modelled, which reduces the functionality of the model for 11kV branch 
faults. 

To adequately model the star point behaviour for faults involving ground, the zero sequence line 
capacities are represented by a 33µF capacitor in the reduced model regardless the actual fault 
position as a simplification. 

The suitability of the reduced Grid model to determine the voltages induced by the fault current 
injected by the BESS can easily be observed when comparing the maximum healthy phase voltage rise 
from faults involving ground in Table 4. 

Table 4. Maximum Voltage Comparison Table 

Maximum voltage FEED full island model Reduced island model 
Line-Ground 1.26 pu 1.25 pu 
Line-Line 0.95 pu 0.98 pu 

 

The reduced system model is used by the suppliers in their EMT-type studies as the BESS models are 
detailed time domain models (EMT). As the FEED BESS model is of an RMS type, the studies are 
accordingly different. To obtain comparability, the suppliers’ models have been used to calculate the 
RMS values. A steady state comparison is performed, the validity of which has been verified by the 
studies discussed in Section 6.5.6 Fault Ride Through in Off-Grid Operation. Due to the omission of 
loads, motors and DER’s in the reduced model no other influences are expected to arise aside from 
the BESS models themselves. 

The results of both suppliers’ studies are compared against the FEED studies and each other. The 
Supplier studies apply the individual equipment, sizing and configuration parameters of their proposed 
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systems. The individual control aspects are considered for each of the supplier’s BESS models. Only the 
BESS internal protection is considered in the suppliers’ studies. These results are compared against the 
FEED studies that were demonstrated to deliver adequate protection system performance. This 
method gives the result that the suppliers’ proposals perform better in comparison to the FEED results 
that defined the minimum requirements. 

Fault simulations are performed applying the reduced system model. When varying fault positions the 
feeder lengths are varied making use of the aforementioned simplifications. The design parameter for 
the experiments (DoE) are given in Table 5. 

Table 5. Design of experiments for fault studies with reduced system model. 

Experiment Nr. Fault type Faulty Feeder Fault position on feeder / pu 
1 abc A 0.0001 
2 ab A 0.0001 
3 ag A 0.0001 
4 abg A 0.0001 
5 abc A 0.5 
6 ab A 0.5 
7 ag A 0.5 
8 abg A 0.5 
9 abc A 1.0 
10 ab A 1.0 
11 ag A 1.0 
12 abg A 1.0 
13 abc B 0.5 
14 ab B 0.5 
15 ag B 0.5 
16 abg B 0.5 
17 abc B 1.0 
18 ab B 1.0 
19 ag B 1.0 
20 abg B 1.0 

 

6.3.2. Verification of FEED Off-Grid BESS Fault Studies Model 

Hitachi ABB system 

As can be seen in Figure 15 the 11kV steady state RMS fault currents calculated for the Hitachi ABB 
BESS system model remain for the most part within +/-10% of the FEED BESS system model used. 
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Figure 15 - Comparison of absolute fault currents on 11kV according to DoE. Hitachi ABB results displayed over FEED model 
results for all studies. 

When comparing the steady state RMS voltages during faults at the 11kV busbar deviations become 
visible in Figure 16 and Figure 17 on line-ground and line-line voltages. 

 

Figure 16 - Comparison of line-ground voltages on 11kV busbar during faults according to DoE. Hitachi ABB displayed over 
FEED model results 
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Figure 17 - Comparison of line-line voltages on 11kV busbar during faults according to DoE. Hitachi ABB displayed over FEED 
model results 

A number of cases show correlation within 10% of the FEED report results or better. Several cases 
show increased voltages in comparison the FEED. While the maximum busbar voltages remain at or 
below 1p.u. in the FEED the Hitachi ABB BESS system model shows increased voltages up to 1.2p.u. in 
some cases. The reasons for this behaviour are discussed in detail in Section 6.5.6 Fault Ride Through 
in Off-Grid Operation. In summary, the primary control of the Hitachi ABB BESS is assumed to induce 
these voltages in some asymmetrical cases whereas the FEED model does not consider any primary 
control. 

In the cases that were simulated, no significant adverse effects are observed on the sensitivity of the 
additional undervoltage protection proposed by the FEED at the 11kV busbar (e.g. G99 ‘standard’ 
parameters with ‘island’ specific settings). Figure 18 shows that voltages below an assumed 
undervoltage tripping threshold of 0.8p.u. are significantly affected but will not lead to a degradation 
of sensitivity. Situations where minimum line-ground voltages approach 0.8p.u. in the Hitachi ABB 
model that might lead to insensitivity are covered by simultaneously occurring low line-line voltages. 
Furthermore, initially lower voltages occurring before the primary control takes effect may help to 
alleviate such situations. 
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Figure 18 - Comparison of minimum line-ground and line-line voltages on 11kV busbar during faults according to DoE. 
Hitachi ABB results displayed over FEED model results. 

In a low resistance earthed grid such as that at the Drynoch site, a rise of voltages above 1p.u. is to be 
expected at the fault location.  

Figure 19 reveals a more severe rise in the Hitachi ABB system model compared to the FEED system 
model for some cases. 

 

Figure 19 - Comparison of line-ground voltages at the 11kV fault point during faults according to DoE. Hitachi ABB results 
displayed over FEED model results. 

These instances are identical to those with a comparably higher maximum 11kV busbar voltage and 
are therefore attributed to the influence of the primary control. Line-line voltages increase less 
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severely and remain within 1.2p.u. for the Hitachi ABB system while they remain within 1p.u. in the 
FEED model. Long-lasting line-line voltages higher than 1p.u. could result in the potential for 
detrimental effects on Customers’ installations and therefore these should be managed by adequate 
system design or enhanced protection. These requirements will be further defined in the RfQ. 

 

Loccioni system 

As can be seen from Figure 20 the 11kV steady state RMS fault currents calculated for the Loccioni 
BESS system model all remain higher than the ones calculated in the FEED BESS system model. 

 

Figure 20 - Comparison of absolute fault currents on 11kV according to DoE. Loccioni results displayed over FEED model 
results. 

High impedance cases typically remain within +10% of the FEED calculations. The increase may be 
attributed to  

a) a lower internal output impedance of the inverter due to its larger size and  
b) a lower transformer impedance than applied in the FEED report. 

Comparing the results for close to busbar faults in Figure 21 demonstrate the larger fault currents 
supplied by the Loccioni BESS system due to its larger inverter rating that exceeds the requirements in 
the RfP. The higher currents occurring in comparison to those in the FEED are beneficial for faster 
primary grid overcurrent protection tripping and therefore are acceptable. 
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Figure 21 - Comparison of absolute fault currents on 11kV close to busbar faults. Loccioni results displayed besides FEED 
model results.  

When comparing the steady state RMS voltages during faults at the 11kV busbar deviations become 
visible in Figure 22 and Figure 23 on line-ground and line-line voltages: 

 
Figure 22 - Comparison of line-ground voltages on 11kV busbar during faults according to DoE. Loccioni results displayed 

over FEED model results. 
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Figure 23 - Comparison of line-line voltages on 11kV busbar during faults according to DoE. Loccioni results displayed over 
FEED model results. 

Due to the higher supply driven currents without current limitation (high impedance cases) the residual 
voltages are as expected, higher. For close to busbar faults (see Figure 24) the current limitation 
approach affects the residual voltages. While higher voltages remain in some cases, others show lower 
residual voltages which can be attributed to higher current limits on the one hand and a different 
composition of the injected current (amplitude and relative angle of the current sequence systems) on 
the other. 

 

Figure 24 - Comparison of line-ground voltages on 11kV busbar during close to busbar faults. Loccioni results displayed 
besides FEED model results. 

When assessing the efficiency of undervoltage protection at the 11kV busbar as a backup protection 
system, Figure 25 reveals that in one relevant case the voltages rise higher than 0.8pu. This indicates 
a slight degrading of the backup protection approach due to higher current infeed by the BESS for 
medium impedance faults. 
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Figure 25 - Comparison of minimum line-ground and line-line voltages on 11kV busbar during faults according to DoE. 
Loccioni results displayed over FEED model results. 

In a low resistance earthed grid such as at the Drynoch site, a rise of voltages above 1p.u. is to be 
expected at the fault location.  

Figure 26 reveals a slightly higher rise (within 20%) of the line-ground voltages at the fault point in the 
Loccioni system model compared to the FEED system model in some instances. 

 

 

Figure 26 - Comparison of line-ground voltages at the 11kV fault point during faults according to DoE. Loccioni results 
displayed over FEED model results. 



07.10.2021  37 

Figure 27 indicates the line-line voltage rise to remain below 1.05pu. 

 

Figure 27 - Comparison of line-line voltages at the 11kV fault point during faults according to DoE. Loccioni results displayed 
over FEED model results. 

 

6.3.3. Conclusions on the FEED validity 

The comparison of both suppliers’ fault study results to the FEED study results indicates that the steady 
state fault currents deviate in phase amplitudes, sequence component amplitudes and relative angles. 
However, the minimum fault currents are in no case lower than -10% of the FEED results (Hitachi ABB) 
or they match or exceed these in all cases (Loccioni).  

Higher residual voltages at the 11kV busbar during faults in some cases indicate the efficiency of the 
undervoltage backup protection by the BESS to be slightly decreased. 

While line-line voltage increases at the 11kV busbar in some cases are expected to moderately stress 
LV customers (e.g. 1.05p.u. for Loccioni) other cases might stress LV customers severely or create high 
voltage ride through issues for the DER (e.g. up to 1.2p.u. for Hitachi ABB). Reasons for the latter are 
discussed in Fault Ride Through in Off-Grid Operation). 

A requirement should be defined that limits the busbar voltage rise to an acceptable value by the DSO. 

Considering the line-ground voltage rise at the point of fault all studies show increases larger than the 
maximum rises than those in Grid-parallel operation (compare Table 6). 

Table 6. Comparison of maximum line-ground voltage rises at the point of fault including an earth return path. 

Study Islanded Grid parallel 
FEED 1.26pu 1.27pu 
Hitachi ABB  1.42pu - 
Loccioni 1.35pu - 
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Whilst the Hitachi ABB results may be reduced further when reviewing the busbar voltages rises, the 
voltage rises are generally related to the solid star point treatment of the system, as the instances with 
the largest voltage rise are not related to such with current limitation. In Grid-parallel operation the 
higher source impedance leads to larger longitudinal voltage drops and reduces the maximum rise to 
the point of fault.  

A requirement should be defined by the DSO on the permissible maximum line-ground voltage rise. 
This should be tested against simulations or in a laboratory environment.   

Adopting the BESS star point treatment in Off-Grid operation, e.g. adding a neutral earthing resistor, 
may reduce the voltage rise but will at the same time reduce the minimum fault currents leading to an 
unacceptable lowering of overcurrent protection sensitivity. 

Line-line voltage rises at the point of fault may stress customers. 

A requirement should be defined to limit the maximum point of fault line-line voltage rise to a limit 
acceptable by the DSO. This should be tested against simulations or in a laboratory environment 

The fault behaviour in Grid-parallel operation was not verified against the FEED report as the suppliers 
suggest operating their BESS in grid following instead of Grid forming mode while in parallel to the 
Grid. Further discussion can be found in Section 6.5.2. 

 

6.4. Assessment of the Impact on FEED Fault Study Conclusions 

Though observing a different fault behaviour of the Supplier models as compared to the FEED model 
when applied in the reduced study Grid, the minimum fault currents observed remain at 90% of the 
FEED results or above. 

The FEED primary protection performance assessment is therefore challenged by reducing the 
calculated FEED current to 90% as a worst-case approach and investigating the updated protection 
system reaction against this. 

Figure 28 and Figure 29 show a prolongation of tripping times for close to busbar faults mainly up to 
2.7s, and a prolongation of those for fault locations at the end of the Feeder 11 spur protected by the 
PMCB “Glenndrynoch”. The steepness of the SI curve in the relevant range is responsible for the severe 
increase. 
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Figure 28 - Topological distribution of 11kV fault clearing times in the 5MVA BESS only operation of Drynoch with the 
updated protection system and 90% of calculated fault current level. 

  

Figure 29 - Statistical distribution of 11kV fault clearing times in in 5MVA BESS only operation of Drynoch with updated 
protection system and 90% of calculated fault current level. 

In the case of a reduction to 80% of the calculated currents the close to busbar faults reach tripping 
times of up to 3.7s. Tripping times of 7.9s would result for fault at the end of the spur protected by the 
PMCB “Glenndrynoch”. 
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The primary overcurrent protection system performance is therefore not expected to be reduced in 
comparison to the revised FEED studies (see Section 6.2 Revision of FEED protection system studies) 
in terms of sensitivity but may in the worst-case become slower when using the real supplier BESS 
systems. 

In the event that the resultant close to busbar fault tripping times of approximately 3 seconds are not 
acceptable to the DSO, additional protection relying on other criteria may need to be considered, or 
overcurrent settings group switching may need to be considered with the risk of reduced selectivity 
with the PMCBs. 

When looking at the overall Grid, undervoltage protection as a means of backup protection may be 
less effective than assumed in the FEED studies. As the FEED studies consider the additional effect of 
loads on both fault currents and voltages no direct assessment can reasonably be made. 

Furthermore, the effect of DER and motor loads on fault current provision and residual voltages was 
not investigated quantitatively by the suppliers. 

 

6.5. Supplier Evaluation of BESS and System Level Requirements 

6.5.1. Planned Transition From On-Grid to Off-Grid Mode 

The planned transition from On-Grid to Off-Grid mode enables conditioning of the BESS. Because of 
the different BESS inverter control philosophies between On-Grid and Off-Grid operation, mode 
switching needs to be performed. The procedures suggested are given in detail in Section 8. 

Both suppliers assume planned islanding to be feasible in the RaaS system without critical aspects 
occurring. Table 7 summarises their assessments. 

Table 7. Supplier assessment on planed islanding capability 

- Hitachi ABB  Loccioni 
Feasibility of planed islanding Yes Yes 
Occurrence of voltage transients or 
disturbances 

Negligible when preconditioning (compare 
text) is applied 

Negligible when preconditioning (compare 
text) is applied 

Negative effect of large motor loads Not expected, project references given Not expected 
Negative effect of DER present at Drynoch Not expected Not expected 
Situations negatively affecting a successful 
planned islanding 

- Local load bigger BESS capacity 
(power) 

- Local DER infeed bigger local 
load and BESS battery with SoC 
at 100% 

- BESS SoC not sufficient to power 
load 

- Preconditioning not successful 
- Non-detected ground faults 

 

Preconditioning means minimising the boundary power flow between upstream Grid and the local 
11kV Grid by adapting the power injection of the BESS system prior to system disconnection by the 
main circuit breaker. Ideally, the power flow through the primary transformer is zero before 
disconnection. 

The example simulations performed by Hitachi ABB show remaining preconditioning mismatches do 
not affect the success of the process and only create minor changes on transient voltages or currents. 
With a larger load step higher but tolerable initial frequency deviations are shown to occur in the 
island.  
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A local load greater than the proposed BESS power capacity is not likely to happen when assessing 
historical primary distribution system power flow measurement data. 

In the event that BESS battery is fully charged and the generation output of the local DER on the 11kV 
network exceeds the load (unlikely based on historical data) unstable behaviour of the BESS is expected 
by Hitachi ABB. Therefore, in such a case the battery’s state of charge should be conditioned before 
intentional islanding of the system. Again, historical primary distribution system power flow 
measurement data does not show an excess generation situation to be likely. 

Checks on successful planed islanding preconditions should be implemented into the BESS system as 
suggested by the suppliers. 

A successful planed islanding is assumed to be feasible with the BESS systems proposed by the 
suppliers. The EMS systems will be able to indicate situations where the parameters are not achievable.  

 

6.5.2. BESS Fault Ride Through Capability in On-Grid Operation 

Both suppliers suggest the use of a Grid Following BESS inverter control mode during On-Grid 
operation in order to achieve Grid Code compliance. This is acknowledged as a business-as-usual 
approach proven through other projects and BESS applications. Fault ride through capability in 
accordance with the Grid Code can therefore be expected. Both suppliers indicate that they are able 
to extend their BESS’s fault ride through capability beyond Grid Code requirements by adjustment of 
their control settings. 

With respect to the concerns highlighted in the FEED regarding increased thermal stress in the event 
of 11kV faults or upstream Grid faults, both suppliers indicate that they are able to restrict their fault 
current contributions by adjustment of their control settings as necessary. 

Simulations on reactive islanding (intentional islanding as a reaction to a Grid disturbance) by Hitachi 
ABB and Loccioni show the BESS systems to be able to ride through upstream fault situations in Grid 
Forming mode for an adequately long time interval. 

Simulations undertaken by Loccioni show that their system is able to ride though close to busbar 
upstream faults in On-Grid operation for at least 300ms when not applying interconnection protection 
according to grid codes and still remain stable. The latter may interfere with ride through depending 
on the settings applied. Currents and voltages may during this time not be sinusoidal in all cases though 
a linear network and fault model is applied. 

In conclusion, a successful ride through of Grid faults during On-Grid operation of the BESS can be 
assumed to be feasible until reactive islanding takes place. Interconnection protection devices need to 
be graded with the criteria and the process of reactive islanding. 

 

6.5.3. Stability of the BESS during On-Grid Disturbances 

Apart from faults, further disturbances and events may challenge the BESS stability during On-Grid 
operation. 
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A series of investigations suggested by Hitachi ABB based on previous experience and also data relating 
to the Drynoch Grid is shown as an overview in Table 8. 

Table 8. Simulative stability investigations performed by Hitachi ABB for On-Grid BESS operation. 

Category Characteristics 
Change in upstream grid voltage  Pre event situation: Voltage 1.0pu 

Linear ramp +0.1pu/s, 1s 
Linear ramp -0.1pu/s, 1s 

Change in upstream grid frequency Pre event situation: f = 50Hz 
Linear ramp +3Hz/s, 1s  
Linear ramp -3Hz/s, 1s 

 

The example results of simulations show stable behavior of the Hitachi ABB system during these 
events. Expectedly, over and under frequency protection disconnects the BESS on reaching 52Hz and 
47Hz respectively. 

Conclusions for the RaaS project:  

• Due to the limited number of cases and situations investigated by simulations the RaaS 
project relies on the suppliers’ project experience. 

 

6.5.4. Reactive Transition to Off-Grid Operation 

The RaaS solution requires the BESS scheme to respond to different types of fault and initiate islanding 
of the Drynoch 11kV network in order to provide resilience of supply for customers. 

The suppliers generally assume a transition to be successfully accomplished when satisfying the 
requirements discussed below. Some exceptions are listed in Table 9. 

Table 9. Foreseeable exceptions to a successful reactive transition to island. 

Hitachi ABB  Loccioni 
• Unavailability of the BESS 
• Excess local DER generation in 

comparison to local load and 
SoC of BESS near 100% 

• Switching earth switch onto ground 
faults 

• Inversion of power flow direction 
pre- to post-islanding: fully 
charging to fully discharging 

• Low impedance three phase 
upstream faults with negligible 
residual voltages 

 

The suppliers/ general assessments of the influence of DER and motor loads are given in Table 10: 

Table 10. Assessment of DER and motor load influence on success of reactive islanding. 

 Hitachi ABB  Loccioni 
Negative effect of large motor loads Not expected Not expected due to dominant BESS size 

compared to motors 
Negative effect of DER present at Drynoch Not expected Not expected 

 
DER may trip due to protection settings and 
may prolong voltage and frequency 
restoration duration 
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Table 11 gives an overview on example studies performed by the suppliers to further investigate the 
feasibility of reactive islanding in the system. 

Table 11. Overview on exemplary simulation studies performed on reactive islanding. 

 Hitachi ABB  Loccioni 
Upstream faults  
on 33kV feeder  
supplying Drynoch 

Close to Drynoch 33kV busbar faults: not analysed 
 
Distant faults: 

• 3ph 
• 2ph 
• 1ph-g in isolated 33kV grid 
• 1ph-g in resistance grounded 33kV grid 
• 2ph-g in resistance grounded 33kV grid 

Close to Drynoch 33kV busbar faults: 
• 3ph 
• 2ph 
• 1ph-g 
• 2ph-g 

 
Distant faults on 33kV feeder: same as above 

Slow voltage excursions Transition not explicit, but stability of BESS shown in 
On-Grid operation 

N/A 

Slow frequency excursions Transition not explicit, but stability of BESS shown in 
on- Grid operation 

N/A 
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Hitachi ABB System Simulations 

An example simulation of the control mode change when in operation (“on the fly”) of the Hitachi ABB 
system in the event of an upstream fault is given in Figure 30. 

 

Figure 30 - Simulation results by Hitachi ABB on 33kV upstream two-phase fault reactive islanding of Drynoch system. 
Underlying data provided by Hitachi ABB. 

The sequence of events simulated by Hitachi ABB is given in Table 12 alongside a description of the 
common system and BESS reactions that provide an explanation of Figure 30. 

Table 12. Simulated sequence of events and the system reaction when fed by the Hitachi ABB BESS. 

Stage/Event BESS behaviour System behaviour 
Pre-fault BESS On-Grid and in Grid following mode 

no active power feed-in 
supplies reactive power 

- 

Fault entry  Voltage sags according to fault 
Fault duration before reactive 
islanding 

BESS stably rides through fault 
 
BESS feeds grid supporting reactive currents and 
some active currents 

Slight effect of BESS on residual voltages 

Reactive islanding trigger 
received (here exogenously set 
after 10ms) 

BESS inverter switches mode “on the fly” from 
Grid Following to Grid Forming and starts 
operation 
Output current decreases 
Some transients in output currents and voltages 

Observed frequency shows highly transient 
behaviour 

Circuit breaker opens to create 
island (here exogenously set 
after 50ms) 

BESS continues in Grid forming mode 
 

- 
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After circuit breaker opening Damped transient voltage oscillations with 
peak excess voltages on BESS side: above 1p.u. 
in some cases, up to 1.25pu 
 
Initial mean voltages remain below 1pu, e.g. 
0.5pu 
 
Slow, multi-second voltage recovery to 1pu 
Active power and current outputs change 
accordingly  

Observed frequency increase up to 51Hz with 
additional high transients, decays within 
500ms or faster 
 
Transient voltage overshoots in some cases up 
to 1.2pu 
 
Shape of grid voltages follows BESS 
 
Feeder currents generally follow BESS 
injection, but Feeder 11 experiences significant 
increase in current amplitudes, presumably 
due to disconnection of DER  

 

In the case of a 1ph-g fault in the isolated 33kV grid no severe voltage sags, transients or frequency 
deviations occur. This is assumed to happen due to no or minimal voltage sags occurring on the primary 
distribution transformer’s low voltage side. 

The simulated studies indicate that the Hitachi ABB BESS system is able to transition to an island after 
faults occurring on the upstream grid even when severe voltage dips are experienced by the Drynoch 
system before islanding. Hitachi ABB assess that their system is able to successfully island on “any” 
disturbance. 

In some extreme cases that were investigated, the customers will experience - in contrast to 
uninterrupted power supply solutions - the initial voltage sag for several 10ms, some transient voltage 
oscillations including overshoots up to 1.2pu, an initial voltage depression down to 0.5p.u. and a multi 
second voltage recovery process thereafter. 

Due to limitations of the Hitachi ABB BESS inverter model a parallel operation of a synchronous 
generator (here: the 100kVA Hydro-electric generator) in Off-Grid operation could not be investigated 
by means of simulation. This Synchronous generation (SG) is therefore artificially switched off before 
or on opening of the grid CB. Hitachi ABB refers to project experience that successfully enabled reactive 
islanding even with SG present and are confident that the RaaS system will behave in a similar manner. 
A tele-controlled switch-off of the SG is suggested to be a solution otherwise. 

Hitachi ABB assume that the two inverter connected windfarms will stably ride through the reactive 
islanding event. Comparing in Figure 31 the example line-ground 11kV busbar voltage simulation 
results to typical interconnection protection settings dictated by EREC G99 or G98 does not give an 
indication of under- or overvoltage tripping because of the time delays applied.  

Considering the historical EREC G59 compliant protection that may apply to the DER present on the 
Drynoch network, the -20% undervoltage threshold and delay will be reached in case of the example 
3ph fault and eventually the 2ph-ground fault.  

As no special requirements exist to our knowledge on the LVRT capability of generators smaller than 
1MW the ability of the installed DER to ride through the voltage dips may not be assessed fully without 
field tests. 
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Figure 31 - Line-ground RMS voltages during exemplary Hitachi ABB simulations on transitions to Off-Grid operation due to 
upstream faults. Data provided by Hitachi ABB. 

Considering the system frequency responses in Figure 32 the example simulated cases give an 
indication of over or under frequency related dropouts of the DER regardless of which standard 
applies. 

 

Figure 32 - PLL-estimated frequency response of system during exemplary Hitachi ABB simulations on transitions to Off-Grid 
operation due to upstream faults. Data provided by Hitachi ABB. 

Considering the RoCoF protection of DER typically used for Loss of Mains protection and assuming a 
+/-1 Hz/s threshold with continuous excess for 500ms, Figure 33 shows that triggering is not to be 
expected on the ag-fault in the 33kV network. It may occur in the cases depending on the 
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implementation of the low pass filtering during RoCoF calculation. Especially since in older DER 
installations complying with G59, lower thresholds may exist. 

 

Figure 33 - RoCoF estimated based on derivation and filtering of data of Figure X during exemplary Hitachi ABB simulations 
on transitions to Off-Grid operation due to upstream faults. Underlying data according to prev. figure. 

During the reactive islanding events simulated by Hitachi ABB there remains a risk of the installed DER 
tripping, as detailed data on the latter is not available. Based on project experience Hitachi ABB 
assumes the DER will continue operating. In cases of less severe disturbances a tripping is not to be 
expected. 

The influence of existing motor loads in the Drynoch 11kV network that would be supported by the 
RaaS system has not been investigated by means of simulations but is judged by Hitachi ABB not to be 
of critical impact. 

 

Loccioni System Simulations 

An example simulation of the “on-the-fly” control mode change of the Loccioni system in the event of 
an upstream fault is given in Figure 34. 
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Figure 34 - Simulation of reactive transition to islanded mode on two-phase upstream grid fault. Data provided by Loccioni. 

 
The sequence of events and the system reaction are discussed in Table 13. 

Table 13. Simulated sequence of events and system reaction when fed by Loccioni BESS. 

Stage/Event BESS behaviour System behaviour 
Pre-fault BESS On-Grid and in grid feeding mode - 
Fault entry - Voltage sags according to fault 
Fault duration before reactive 
islanding 

BESS stably rides through fault Non-sinusoidal residual voltages 

Reactive islanding trigger 
received (here exogenously set 
after 300ms) 

BESS inverter switches mode “on the fly” from 
Grid Following to Grid Forming and starts 
operation 

Small transients in residual voltage after 30ms 
Residual voltages become increasingly 
sinusoidal afterwards and increase in 
comparison to Grid Following mode 

Circuit breaker opens to create 
island (here exogenously set 
after 50ms) 

BESS continues in Grid Forming mode 
 

- 

After circuit breaker opening BESS continues in Grid Forming mode Damped transient voltage oscillations with 
peak excess voltages 
Initial mean voltages remain slightly 
depressed below 1pu 
Voltage recovery to 1p.u. within less than 
100ms 

 

A key influence of relative timings of control mode “on the fly” switching and the opening of the main 
Grid circuit breaker contactors on the success of reactive islanding is shown by the preliminary studies 
performed. BESS inverter control mode switching before opening of the contacts is identified as the 
most reasonable process. 

The simulations performed by Loccioni show the following: 

• In the case of asymmetrical close to busbar faults a successful reactive islanding is feasible, 
when the timing of events is as suggested above. The transition is successful regardless of the 
previous dead time (proven for up to 300ms) until the fault is detected and a trigger signal is 
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created, when interconnection protection or other grid protection systems do not intervene 
during this time. 

• In case of three phase close to the 33kV busbar faults close to Drynoch primary substation with 
only minimal residual voltage a reactive islanding may not accomplishable. Still, a following 
Black Start remains a possible option. 

 

Conclusions from the simulations for the RaaS project 

Feasibility of reactive islanding 

• The simulations by Hitachi ABB and Loccioni show their systems capability to perform a 
reactive islanding in example cases of upstream grid faults.  

• For a three-phase fault on the 33kV Drynoch busbar the simulations performed by Loccioni 
show a potential failure to successfully island the system. This investigation has not been 
performed by Hitachi ABB. For more distant faults on the 33kV feeder Hitachi ABB show that 
their system is be able to transition to island. In any event, the systems will be able to perform 
a Black Start. 

Influences on the achievable overall reactive islanding time 

• The initiation of a reactive transition to islanding depends on the creation of a transition 
request signal, e.g. by a detection mechanism. 

• The detection mechanism self-time, interlock processing, signalling time etc. will need to be 
sufficiently short in order to achieve an overall reactive islanding time as requested. 

• Detection of voltage sags or fault currents are expected to be feasibly quite fast when severe 
but are typically slower when less severe. 

• When discriminating between upstream and downstream faults, the mechanisms applied may 
introduce additional delays. As typical directional decision algorithms based on local voltage 
and currents measurements will need approximately some 10ms, other means of directional 
discrimination may need to be used, e.g. comparison of grid CB and feeder CB protection relay 
sensing. 

• When sensing frequency or RoCoF events, typical mechanisms for frequency or RoCoF 
estimation as typically applied may take several 100ms. The BESS suppliers’ indicate that the 
detection can be achieved more rapidly, but at the cost of nuisance tripping of the primary 
substation circuit breaker (unintentional reactive islanding). 

• The opening of the main Grid CB contacts should happen after the “on the fly” mode switch of 
the BESS inverters. A delay inherent to breaker operation may apply or an artificial delay may 
need to be established. 

• Depending on the overall time requirement for reactive islanding (e.g. 100ms in the RfP) and 
the time to detect an event that requires reactive islanding, a fast acting Grid CB may be 
needed to achieve the overall timing. 

• The overall time of 100ms as given in the RfP may therefore not be achievable for all types of 
relevant disturbances or events. 

• Realistic requirements for the maximum detection time will be engineered and agreed for 
inclusion in the RfQ for the following (typically): 

o the type and severity of events or disturbances 
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o reliability of the detection approach (e.g. false positives, false negatives) 
o loss of DER or motor loads 
o Capability of the BESS to ride through, recover and reactively island successfully 

Grading of protection systems and overall reactive islanding time 

• The overall reactive islanding time should be faster than the set tripping time of other 
protection devices, e.g.: 

o main 33kV feeder CB on the grid for upstream faults in the feeder supplying Drynoch 
(including automatic reclosure) 

o HV CB of 33/11kV Drynoch primary substation for upstream faults 
o LV CB of 33/11kV Drynoch primary substation for upstream faults 
o Main 11kV Feeder CB at Drynoch for upstream faults, especially Feeder 12 with DER 

and motor loads included and Feeder 11 with large motor loads included 
o G99 protection of BESS system in on Grid operation 

• The protection settings may need to be adapted according to the required and achievable 
overall reactive islanding process times. 

Fault ride through of DER and motors 

• The feasibility of DER to remain connected as suggested by the cases simulated by Hitachi ABB 
would need to be proven by field or laboratory tests. Should a disconnection occur, the DER 
will be automatically reconnected as per G99/G59 settings after island network is established.  

• The feasibility of motor loads to remain connected has not been investigated by simulations 
but positive experience exists from projects performed by Hitachi ABB. 

 

6.5.5. Off-Grid Black Start 

After a blackout in the 11kV Drynoch system, the BESS will be able to perform a Black Start of the 
isolated system without discrimination of attached customers . One challenge of the process is the 
inrush effect of the interconnected secondary distribution transformers. Whilst operating distribution 
systems with more than 200 secondary distribution transformers across two feeders that are not 
remotely controllable is not uncommon for DSOs the situation, is however not typical for microgrids 
supported by a BESS. 

The suppliers have been asked to assess their BESS systems’ capability to perform a Black Start of the 
system without the aid of a technology like Point on Wave (PoW) switching. Risks due to motor loads, 
customer loads, and DER were to be assessed. As a special requirement by SSEN the feasibility of full 
voltage customer switch-on (compare FEED report) was to be assessed. 

Both suppliers deem a Black Start to be performable by their BESS system. General assumptions of 
both suppliers on the Black Start process are given in Table 14. 
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Table 14. General assumptions of both suppliers on the Black Start process. 

Aspect Hitachi ABB  Loccioni 
Black Start procedure(s) 1. voltage ramping of isolated 

11kV busbar to nominal voltage 
2. simultaneous switching of 

feeder 11 and 12 
Alternatively: simultaneous ramping of 
overall grid 

1. voltage ramping of isolated 
11kV busbar to nominal voltage 

2. simultaneous switching of 
feeder 11 and 12 or sequential 
switching 

Feeder circuit breakers Normal, no PoW relays Normal, no PoW relays 

 

Hitachi ABB suggest simultaneous switching of both feeders onto full voltage. Alternatively, a 
simultaneous voltage ramping process of several seconds for the overall system including the BESS 
transformers, 11kV busbar and both feeders with customers connected is suggested based on previous 
project experience. 

Loccioni suggest sequential feeder switching but deem simultaneous switching to be feasible, too. 
Point on Wave switching is seen as an option to further reduce transients during the Black Start 
process. 

Qualitative assessments of impacts on the Black Start process of both suppliers are given in Table 15. 

Table 15. Qualitative assessments of impacts on the Black Start process of both suppliers. 

Impact Hitachi ABB  Loccioni 
Negative Effects of Motor Loads None None 
Negative Effects of DER None None 

 

Simulation studies by both suppliers have been performed to give evidence on expected inrush current 
levels, Black Start feasibility, and system states during the process. A number of simplifying 
assumptions given in Table 16 were used during the simulations. 

Table 16. Major Off-Grid Black Start simulation assumptions. 

Modelling aspect Hitachi ABB  Loccioni 
BESS modelling Inverter model: EMT 

Inner control model: Firmware 
Transformer: explicit 
Grid model: EMT 
Primary control: Firmware 
Secondary control: not modelled 

Inverter model: EMT 
Inner control model: Firmware 
Transformer: explicit 
Grid model: EMT 
Primary control: Firmware 
Secondary control: not modelled 

Modelling of secondary distribution 
transformers 

• No aggregation 
• Sensitivity Analysis on 

magnetisation curve 
characteristic: 
1. none 
2. typical smooth 
3. bilinear medium  
4. bilinear low 

• Aggregated by capacity 
• Neglection of 3ph and 2ph types 

differences 
• Usage of typical magnetisation 

curves of a transformer of the 
aggregated size 

Influence of residual flux of distribution 
transformers and switch point on system 
voltage 

Worst-case assumption of 0.9p.u. residual 
flux + variations with 0.25p.u. and 0.5pu 
Switching angle on voltage waveform 
investigated in 1ms steps 

Not varied 
Residual flux assumed as 0.0pu 

Influence of line impedances Considered due to full grid simulation Not investigated due to aggregation 
DER Not modelled Not modelled 
Motor loads Not modelled Not modelled 
Customer Loads Constant impedance Constant impedance 
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The simulations of both suppliers show a feasible and stable completion of the Black Start process for 
the example cases under the assumptions listed. Exception however, are: 

• extreme characteristics of the distribution transformer saturation curves, 
• some switching angles on the voltage waveform. 

The specific circumstances and the approach to mitigation are discussed later on. 

Due to the load step and inrush currents experienced, the primary control is activated and settling 
processes of time constants in the range of seconds occur. Longer than transient but non-steady 
frequency and voltage deviations during these slower processes stay within +1Hz and -2.7Hz and +/-
0.05p.u. of the voltage. These excursions are deemed to be not of significant relevance as long as motor 
loads and DER can be assumed to be disconnected.  

After initial transients the voltage quality is typically not severely affected in the simulations. One 
exception is shown by Loccioni to occur in case of unfavourable converter control parameters resulting 
in long lasting slowly decaying limit cycles with accompanying long term voltage quality artefacts. 

The simulated maximum inrush currents during energisation of feeders typically deplete in less than 
20ms and even less in many cases. Conversely, On-Grid simulations show longer decay times in current 
and voltage.  

The maximum inrush current levels experienced in the simulated cases excluding performed sensitivity 
analyses (discussed later) are given in Figure 35 and are compared to On-Grid inrush simulations. 

 

Figure 35 - Comparison of maximum inrush currents during feeder energization throughout different Black Start studies 
undertaken. 

Values of peaks are given as RMS values including harmonics rather than peak values to achieve 
comparability of results. Off-Grid results are for simultaneous energisation of both feeders. The Enspec 
results represent the worst case outcome for single feeder energisation. 

The suppliers’ Off-Grid scenario initial results are at the level of the minimum Enspec results. As a 
general explanation the BESS suppliers have indicated the lower inrush peak values and durations to 
be an effect of the inherent BESS inverter current limitation. In the case of high currents occurring 
during the energisation phase, the inverter control reduces the output voltage to limit the current. A 
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temporary voltage sag occurs on the Grid fed by the BESS inverter. In the case of On-Grid energisation, 
the stiffer voltage source behaviour will result in higher inrush currents. 

As the Enspec results reflect best (minimum) and worst (maximum) case situations under different 
residual flux scenarios and point on wave switching scenarios the suppliers were asked to perform 
similar sensitivity analyses. 

Certain BESS inverter setting variations undertaken by Loccioni indicate a negative influence on the 
resulting inrush currents magnitude and duration where there are poorly set parameters, indicating 
the programmed inverter behaviour to be of strong influence. The RfQ will therefore need to define 
performance requirements to be fulfilled by the BESS and tests will need to be undertaken by suppliers 
that will demonstrate the required performance. 

Sensitivity analysis and robustness checks were performed by Loccioni by energising an aggregated 
transformer model (compare assumptions) of the twofold nominal secondary transformer capacity. 
The simulation results confirm the presence of the temporary voltage sag and the feasibility to energise 
the system. Additional laboratory analysis by the inverter manufacturer for fuse blowing tests involving 
the transformers to be energised reconfirms the capability of the BESS to withstand and limit inrush 
effects. Further sensitivities on residual flux or switching angle have not been conducted. 

Hitachi ABB performed a simulative sensitivity analysis varying the residual flux (0.25p.u. and 0.5p.u.) 
and the switching angle on the voltage waveform spanning 180° in 18° steps at moderate values on 
the saturation curve (0.1p.u. saturated reactance). On simultaneous energisation of both feeders an 
increase in peak currents is observed for some switching angels in comparison to the original switching 
angle applied for Figure 35. In 60% of the simulated cases with 0.5p.u. and 20% of the simulated cases 
with 0.25p.u. residual flux the BESS system fails to withstand the inrush effect due to DC undervoltage, 
rapid rise of output current or AC overcurrent. Design improvements have already been conducted on 
the actual product,  but are not yet reflected in the simulation model used. These improvements are 
related to fast current limitation capabilities and rapid output current rise avoidance based on 
improved current control. As the simultaneous energisation of both feeders is investigated, a 
sequential switch on may be less critical. As a last option Hitachi ABB have stated that an increase in 
the number of the inverter modules (from the presently proposed four to five) would provide adequate 
results, but this is obviously a more costly option. 

In conclusion, based on the simulation studies undertaken by the suppliers the BESS inverters are 
assumed to inherently limit inrush currents by temporarily lowering their output voltage, when 
appropriate control settings are applied. Loccioni supports this assumption by showing the simulated 
inrush currents in off-grid mode to remain at a constant level even when doubling the modelled 
transformer capacity.  

Additionally, the suppliers give reference to previous project experience in less extensive grid systems 
with large motor loads or a limited number of transformers. The predictability of this effect is still not 
clearly apparent for a RaaS in a practical ‘real world’ situation. Little or no field or laboratory experience 
appears to exist or has not been published on the inrush behaviour of distribution system feeders with 
large quantities of secondary distribution transformers fed by inverter-based grid forming sources. The 
capability of the BESS inverter systems to ride through the inrush stimulated by full voltage switch-on 
of un-energised feeders is indicated in the simulations but is also not fully proven for the extensive 
network to be supported by RaaS at Drynoch. Potentially it is felt that the majority of cases will be 
manageable by the BESS systems offered. 

The suppliers’ BESS simulation models are applying Firmware to reflect the behaviour of the real 
system. Assuming that the BESS behaviour in the practical ‘real world’ application at Drynoch remains 
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close to the simulations undertaken by the suppliers, the short time temporary character of the 
simulated voltage sags is deemed to be acceptable for the customers. As the existing Grid protection 
systems do experience inrush phenomena in the normal day-to-day operation when On-Grid and as 
the studies do neither indicate a prolonging of the inrush decay time nor an increase of peak inrush 
currents but rather the contrary, no negative effects relating to nuisance tripping are to be expected.  

The major conclusions for the RaaS project are: 

1. The inherent current limiting effect of the BESS inverters may positively affect inrush 
amplitudes and decay time constants during Black Start of the RaaS island while the extent of 
these effects remains uncertain for the extensive RaaS real world system as no comparable 
project experience exists. 

2. The suppliers’ simulations and experiences indicate stable BESS behaviour on simultaneous or 
sequential energisation of feeders at full nominal voltage as requested by SSEN even without 
application of technologies like point on wave switching of the feeder circuit breakers. Again 
however, no comparable project experience exists. 

3. Short term temporary voltage sags may occur that are deemed acceptable to customers based 
on the study results of the simulations.  

4. Negative effects of voltage or frequency excursions on installed DER or motor loads are 
considered not to exist due to the anticipated disconnection of such by G59, G99, and motor 
protection relays resulting in such plant not being present during the Black Start procedure. 

5. A sufficient time delay following a blackout should be applied before a Black Start to ensure 
the absence of DER or motor loads during this process. This time delay will be in the range of 
multiples of seconds. 

6. When applying sequential switching procedures during Black Start the overall process duration 
should remain low enough to avoid self-triggered reconnection of DER or motor loads. 
Alternatively, the DER or motor loads should be tele-controlled. Loccioni indicate that the 
duration of the switching will be of influence on the inrush behaviour when applying their 
system. 

7. Laboratory and field tests in the framework of the project will create valuable knowledge on 
the Black Start capability of distribution systems fed by inverter based sources when setups 
close to the RaaS distribution system are investigated and suitable measurement apparatus is 
combined with comprehensive site testing. 

8. In the case of unfavourable and/or non-controllable circumstances (e.g. switching angles) 
which could lead to a failure to successfully complete a Black Start, repeated trials may be 
necessary to reach an acceptable performance. 

9. As a backup solution in case of a failure of the “real world” system to perform Black Starts on 
full voltage switch-on of feeders, voltage ramping is suggested by the suppliers to be a feasible 
alternative based on project experience. 

Based on the BESS sizing offered by the suppliers the project risks relating to Black Start capability are 
deemed to be acceptable and manageable. 
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6.5.6. Fault Ride Through in Off-Grid Operation 

When faults occur during Off-Grid operation several items are of concern:  

• Stable fault ride through until fault clearance occurs 
• Fault current provision during the duration of a fault 
• Transient stability after fault clearance 

These are analysed in the following paragraphs in terms of behaviour over time. A comparison of the 
suppliers’ studies with the FEED studies is undertaken in Section 6.3 Verification of FEED protection 
system studies. 

Fault Ride Through and Fault Current Provision 

Hitachi ABB assesses the fault ride through capability and fault current provision capability of their 
system as follows:  

• The fault ride through capability is set by a corresponding voltage and frequency ride through 
curves (maximum and minimum). 

• The system is able to continuously provide the rated nominal current of the inverter up to 
several seconds with the maximum duration being subject to control settings 

• A steady state current is assumed to result in all fault cases and be possible 

Loccioni assesses the fault ride through capability and fault current provision capability of their system 
as follows:  

• A stable behaviour of the BESS is expected during the duration of faults for up to 5s. 
• A fault current will be continuously provided for up to 5s in the case of a current limitation or 

even longer when seen by the BESS as a load only. 
• No significant impact of DER is expected on fault ride through capability of the BESS due to 

the dominant size of the BESS. 

Simulated investigations have been performed by the suppliers based upon the reduced island model 
with the assumptions and scenarios discussed in Section 6.3 Verification of FEED protection system 
studies. 

 

Hitachi ABB simulation results 

After initial parameter tuning the simulations show the system fed by the Hitachi ABB BESS to be 
generally capable of a fault ride through for at least 3s in the example cases defined in Section 6.3 
Verification of FEED protection system studies. One exception exists for a three-phase fault at 0.5p.u. 
distance on Feeder B which trips the BESS approximately 2.8s after fault entry. 

Three example simulations relating to cases of representative nature are depicted in Figure 36, Figure 
37, and Figure 38. 
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Figure 36 - Exemplary Hitachi ABB simulation on fault case with almost steady state behaviour. Experiment Nr. 7. Data 
provided by Hitachi ABB. 

 

Figure 37 - Exemplary Hitachi ABB simulation on fault case with initial voltage increase and following decay to lower steady 
state values. Experiment Nr. 2. Data provided by Hitachi ABB. 
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Figure 38 - Exemplary Hitachi ABB simulation on fault case with build-up of voltages to increased steady state values. 
Experiment Nr. 8. Data provided by Hitachi ABB. 

After fault entry damped transient voltage oscillations with low amplitudes typically occur on both the 
BESS and the Grid side busbar. While some cases remain at a steady state after the decay of transients 
other cases experience a slow change of voltages. These cases occur on asymmetrical fault conditions 
only and are attributed to the primary control of the BESS by the authors of this report, which has not 
been disclosed with regards to its reaction to severely asymmetrical grid states. While possibly 
influenceable by control settings Hitachi ABB have not provided revised settings. Three types of voltage 
developments are experienced in the simulations as given in Table 17. 

Table 17. Types of voltage developments in Hitachi ABB fault simulations. 

Type Max. 
voltage 

Picture Share 

Steady state - Figure 36 10/16 
Initial overshoot, decaying to lower steady state <1.2pu Figure 37 1/16 
Build-up of voltages to increased steady state <1.2pu Figure 38 5/16 

 

The steady state voltages resulting for the islanded system are discussed in detail in Section 6.3 
Verification of FEED protection system studies. 

The aforementioned category of initial voltage overshoot is not noticeable in the steady state analysis 
of Section 6.3.2.  

The fault currents experienced by the system show damped transient oscillations on the BESS with 
overshoot in comparison to the steady state currents, the highest overshoot and slowest damping 
occurring in the case of close to busbar faults. The fault current quickly enters a steady state in all cases 
and are continuously provided. An analysis and comparison of those currents to the FEED assumptions 
are given in detail in Section 6.3 Verification of FEED protection system studies. 

The simulations confirm the FEED analysis that active power is dominantly injected by the BESS during 
faults with the exception of close to busbar faults. 
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Loccioni simulation results 

The simulation results show the BESS system to be able to ride through the faults as required.  

The ride through time of fault cases activating the current limitation can be set up to 5s and is shown 
to be feasible for a setting of 3s based on the RfP requirement for a ride through time of 2 to 3s. A 
short term voltage amplitude dip below the steady state residual voltages is observed in these cases. 
The recovery time is less than 50ms in the simulations investigated. 

In the event that a set current threshold is exceeded, the current limitation mechanism tries to 
dominantly inject reactive current (current reference) but effectively does inject the power injections 
needed by grid physics. A potential additional voltage phasor jump due to this behaviour has not been 
investigated. 

On faults not activating the current limitation mechanisms the BESS is shown to stably ride through for 
at least 3s. A transient voltage dip is observed followed by a slower response of the primary control 
that settles within 200ms to 500ms. 

Steady state voltages and currents are observed in the simulations after the described initial settling 
processes. An in-detail analysis is given in Section 6.3 Verification of FEED protection system studies. 

In the simulated cases the system frequency estimation by a PLL does neither show a frequency lower 
than 49.6Hz nor a frequency overshoot higher than 50.2Hz with the given droop settings. Steady state 
frequency deviations are observed  

The instantaneous active power delivered on the DC side of the BESS inverter shows the oscillations as 
discussed in the FEED report. No tripping of the BESS occurs due to these. 
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Transient stability after fault clearance 

The assessment of transient stability of the BESS system after fault clearance by Hitachi ABB is as 
follows: 

• The BESS is expected to not trip as long as the settings for voltage and frequency ride through 
curves are not violated and no instantaneous protection settings are exceeded. 

• The connected DER’s are not expected to impact on the transient stability after fault clearing. 

The assessment of transient stability of the BESS system after fault clearance by Loccioni is as follows: 

• No critical clearing time shorter than the set maximum current limitation ride-through time is 
expected to exist. 

• No significant impact of DER on BESS transient stability is expected due to dominant size of 
BESS compared to DER. 

• DER may trip depending on their protection settings and can be reconnected afterwards. 

The influence of large motors loads has not been assessed by the suppliers in the context of fault 
clearing. In the context of Black Start and Off-Grid stability the influence is seen as follows: 

Hitachi ABB : 

• No impact on stability is seen as long as motor start up currents do not exceed the current 
limitation of the BESS inverter. 

• Prolonged voltage depressions may occur due to large start up currents in the case of directly 
coupled rotating machines up to several seconds following a severe and long-term voltage dip. 

Loccioni: 

• Due to dominant size of BESS no critical impact on stability is seen. 
• To limit start up currents the application of switching sequences of directly coupled large 

motor loads may be used. 

No simulations have been performed by the suppliers on transient stability after fault clearing. 

Discussion and conclusions for project 

The following conclusions on the Off-Grid fault behaviour of the systems offered by both suppliers can 
be drawn: 

• The BESS systems are able to ride through faults during Off-Grid operation for 2s or even 3s 
and provide a continuous and steady state fault current during this time. Their behaviour in 
detail is different and furthermore significantly subject to control settings. 

• No real insight into the operation and interaction with other “active” grid participants like DER 
and motor loads could be gained by supplier studies. The system behaviour during faults, 
critical clearing times, and after fault clearing transient stability remain as an uncertainty for 
the given Drynoch system. References to project experiences show the uniqueness of the site 
in comparison to other typical projects and stress the importance of gaining experience in this 
field. 

• Requirements on the back slope of the BESS FRT curve during Islanded mode due to motor 
load recovery should be defined, at latest after gaining experience in the field or laboratory. 
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• New requirements on maximum voltage rises at the busbar and at the point of fault related 
to primary control reactions to faults, especially asymmetrical faults should be defined for 
the RfQ and in general. 

• The feasibility of adequately testing the overall system fault behaviour in a reduced 
laboratory environment should be evaluated. 

 

6.5.7. System Stability in Off-Grid Operation 

Aside from faults, further disturbances and events may challenge the BESS stability during Off-Grid 
operation. 

The suppliers’ qualitative assessment on potentially critical conditions and expectedly non-critical 
events is given in a Table 18. 

Table 18. Supplier Assessment on Potentially Critical Conditions. 

Category Hitachi ABB  Loccioni 
Non-critical • Motor load start-up, may lead to voltage 

depression though 
• DER when controlled by EMS 

• DER due to dominant BESS capacity  

Potentially critical • Motor start-up currents exceeding the BESS 
inverter PCS 

• Interconnection protection tripping 
• Uncontrolled excess local DER infeed and 

BESS battery SoC at full load stage 

• DER with droop control resulting in 
oscillations 

• Large motor start-up current when no 
switching sequence is applied 

• Uncontrolled excess local DER infeed and 
BESS battery SoC at full load stage 

 

A set of investigations suggested by Hitachi ABB based on previous experience and data available on 
the Drynoch grid is shown as an overview in Table 19.  

Table 19.Simulative stability investigations performed by Hitachi ABB for BESS Off-Grid operation. 

Category Characteristics 
Loss of feeders  Pre-event situation: full load 

Loss of Feeder 11 
Loss of Feeder 12 

Big motor loads Large motor starting 315kW motor with variable speed 
drive 

Loss of windfarm Pre-event situation: full load  
Loss of Meadle windfarm 

 

The example simulations on the loss of feeders performed by Hitachi ABB do show a stable behavior 
of the islanded system with minimal transients. The BESS primary control reacts as expected according 
to the changes in load. 

The example simulation of a variable speed drive 315kW motor starting process by Hitachi ABB 
indicates the BESS’s general capability to start large motors. Hitachi ABB state that motor starts are 
feasible with the BESS acting as the Grid Forming source as long as the starting currents do not exceed 
the BESS’s overcurrent capacity.  

Potential voltage problems at the Drynoch remote motor installation locations due to normal 
operational power flows or starting currents have not been in the scope of the Hitachi ABB 
investigation. As only limited information on the motor loads of customers was available, Hitachi ABB 
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deemed further simulations not to be of value. Previous experience on projects was referenced by 
Hitachi ABB. 

A Hitachi ABB simulation on a loss of the Meadle windfarm does not show any critical states or 
instability of the overall system. 

Conclusions for the RaaS concept based on experience and simulations performed are: 

• The RaaS BESS systems offered are expected to withstand large negative load steps without 
leading to loss of system stability. 

• Positive large load steps with accompanying inrush are deemed feasible as discussed in Section 
6.5.5 Off-Grid . 

• Starting of large motor loads are expected to be generally possible from the BESS point of view 
as long as the starting currents do not exceed the current limits of the BESS. 

• Potential operational problems on the motor loads of customers due to power flows or 
currents   from the BESS to remote locations as in Grid parallel operation may not be solved 
by the BESS design. The lower source impedance is rather assumed to be beneficial. 

 

6.5.8. Planned Transition from Off-Grid to On-Grid Operation 

A planned transition from Off-Grid to On-Grid operation requires several major steps to be performed: 

1. Synchronisation of island and upstream grid 
2. Closure of boundary CB 
3. BESS inverter “on the fly” control mode switching 

Further details apply, please refer to Section 8. 

An example simulation by Hitachi ABB assumes that mode switching will happen simultaneously on CB 
closure. The simulation shows transient voltage and current oscillations on feeders after CB closure 
and control mode switching. The transient (not steady state) voltage amplitudes (phasors) on the 11kV 
busbar remain within 1.12 p.u. and 0.88 p.u. and decay within less than 50ms. 

Based on previous project experience Hitachi ABB and Loccioni assume the given DER and motor loads 
associated with the Drynoch network to be sufficiently small in comparison to the BESS. The 
dominance of the BESS is expected to provide sufficient controllability of the island’s voltage and 
frequency to successfully resynchronise to the upstream grid even without dedicated ICT based control 
of the DER or motor loads. 

Conclusions for RaaS: 

• Based on previous project experience the suppliers deem their systems to be capable of 
performing synchronisation of the BESS island to the upstream Grid. 

• Severe transients are neither expected by the suppliers nor does an example simulation by 
Hitachi ABB give an indication on this. 

• Influences of the Drynoch motor loads or DER have not been investigated but are assumed to 
be negligible by the suppliers. A temporary loss of DER would not be critical. Should field 
tests prove otherwise a previous shutdown of DER may be achieved, e.g. via temporary 
frequency setpoints prior to synchronisation. 
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• The synchronisation conditions will be set based on previous supplier experience and will 
then be fine-tuned during field testing. 

• In order to avoid the need for a customer blackout the BESS system will remember and apply 
the pre-islanding rotary field during islanding and Black Start.  

 

6.6. Conclusions 

6.6.1. Grid Protection System Performance 

The revision of the FEED protection system performance studies within the FEED model and 
methodology does not show a critical degradation of the expected primary overcurrent protection 
performance in comparison to the original results. 

The verification of the FEED BESS Off-Grid fault model against the detailed supplier BESS models shows 
the behaviour to differ in the investigated cases. Still, the minimum fault currents observed do not 
deviate more than 10% from the original FEED results for both suppliers. The FEED model assumptions 
are therefore sufficiently accurate. 

As the detailed supplier BESS models could not be made available in a way to repeat the FEED 
protection studies, a worst-case assessment has been performed by applying the 90% and 80% values 
of the FEED fault currents when assessing the protection performance in Off-Grid operation. Whilst no 
degradation of selectivity or sensitivity of overcurrent protection is observed in these cases, a delayed 
tripping of close to busbar faults is anticipated. Furthermore, the actual settings of the PMCB 
“Glenndrynoch” lead to severely prolonged tripping times up to 3.5s and 7.9s respectively. 

The latter results should not be overestimated, as the supplier models show higher fault currents for 
close to busbar faults due to a larger inverter sizing. The protection studies in the FEED and their 
revision in the Detailed Design may be judged as being sufficiently validated. 

More detailed protection investigations for selected scenarios may be required by the suppliers in the 
RfQ. 

The DSO may decide on measures needed like additional protection criteria applied on the BESS side 
or the grid side for faults of clearing times that are assessed as being unacceptable. 

As a general recommendation, the required BESS rating in terms of fault current and power should not 
be reduced in comparison to the FEED and the RfP values in order to maintain a satisfactory grid 
protection system. In the case of an outage of a BESS module that reduces the fault current and power 
below those values, the performance of the grid protection systems could be significantly impaired.  

 

6.6.2. BESS and System Requirements Evaluation and Engineering  

Based on project experience and on simulations performed in the Detailed Design Report, the suppliers 
deem all topics given in Figure 39 to be capable of being provided for the application of RaaS to the 
Drynoch site with certain exceptions and requirements discussed later on. 
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Figure 39 - Topics assessed by suppliers during Detailed Design. 

It has been observed though, that the project parameters do not completely match the specific 
characteristics of the Drynoch site and that a full simulated analysis is not possible due to the 
combination of reasons given in the introduction to this section. Whilst individual risks and open 
questions do exist for the topics highlighted in Figure 39, mitigation strategies can be seen in Table 20 
below. 

Table 20. Common remaining risks, open questions and mitigation strategies. 

Risk BESS Supplier 
Assessment 

Project  
Assessment 

Mitigation Strategies 

Secondary distribution 
transformer inrush more critical 
than estimated 

None Acceptable, when not 
permanently blocking 
desired functionality  

When due to controlled action: 
- Ramping instead of switching 
- PoW relay usage 
- Further options 

Higher than expected motor 
start-up currents 

Unlikely, due to relative 
sizing 

Acceptable, when not 
permanently blocking 
desired functionality 

- Application of switching sequences 
- Curtailment of customer 
- Deactivation of customer 

Loss of DER excluding BESS on 
transient events or disturbances 

May not be fully 
avoidable 

Acceptable, when not 
avoidable with reasonable 
effort 

- Tuning of BESS behaviour 
- Improvement of coordination / grading 

Negative influence of present 
DER 

Unlikely, due to relative 
sizing 

Acceptable, when not 
leading to BESS tripping 

- Tuning of coordination 
- Telecontrol of DER 

Negative influence of large 
motor loads 

Unlikely, due to relative 
sizing 

Acceptable, when not 
leading to BESS tripping 

- Curtailment of customer 
- Deactivation of customer 

 

The inability to assess the probability of the remaining risks highlights the importance of the experience 
that may be gained in the RaaS project during field tests. 

Requirements that will need to be defined for the tasks in Figure 39 (above) are identified as follows: 

- Requirements on grid state transitions or transient events individually per task (e.g. DER should 
remain connected, BESS should stay connected). 

- Definition of maximum and minimum voltage and frequency envelopes over time including 
transients acceptable by the DSO during the individual tasks. 

Specific aspects on the different tasks are discussed in the following sections. 
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Planned Transition from On-Grid to Off-Grid Operation 

- Supplier Assessment 
o feasible for minor grid disturbances. 
o potential threats to a successful transition should be checked and should be minimised 

or overcome by preconditioning when feasible. 
- Additional Requirements 

o preconditioning of the power flow during the transition period, e.g. minimisation. 
o preconditioning of the battery SoC, e.g. create reserve capacity to accommodate the 

excess DER in the network. 
o check potentially critical situations, e.g. reverse pre-transition active power flow 

- Actions 
o define set of checks to perform before preconditioning / islanding, e.g.: 

 earth faults 
 reverse power flow 
 SoC sufficient 

o define sequence of events: earthing 
- Individual Risks 

o switching onto non-detected ground faults may trip the system 

BESS Fault Ride Through Capability in On-Grid Operation 

- Supplier Assessment  
o feasible as proven by project experience and compliance to the given grid codes. 
o extension beyond grid code requirements possible, e.g. in terms of durations 

- Additional Requirements 
o compliance to grid codes: ride through, fault current injection 
o BESS shall be able to limit max. current contribution in On-Grid mode by settings, even 

below nominal values down to zero. This shall not be an obstacle to reactive or 
planned transition to Off-Grid operation. 

o Interface protection for On-Grid operation shall not lead to tripping after reactive 
islanding 

- Actions 
o Determine the current limits to be set or decide on no fault current contribution from 

the BESS. 
o Check and establish coordination of On-Grid interconnection protection, FRT 

requirements etc. with the desired capability to perform reactive islanding 
o Coordinate with automatic reclosure settings in On-Grid operation of 11kV and 33kV 

grid, potentially decide on deactivating automatic reclosure 

Stability of BESS during On-Grid Disturbances 

- Supplier Assessment: 
o will remain stable on wide range for a wide range of events and disturbances 
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- Actions 
o Define requirements for the situations where ride-through is required and according 

boundary values and timings which are also closely related to the definition of reactive 
transition requirements 

Reactive Transition to Off-Grid Operation 

- Supplier Assessment 
o deemed feasible for a large range of situations 
o exceptions may exist for three phase faults very close to the 33kV busbar or on full 

reversal of power flow during islanding 
- Actions 

o Define different scenarios that may or may not lead to reactive islanding according to 
defined boundary values 

o Derive final ride through requirements of BESS 
 Identify reasonable detection times of relevant cases 
 Identify timing for directional discrimination where required 
 Define relevant further checks etc. before reactive islanding 
 Investigate influence of interlocks, necessary delays etc. 
 Grade with existing & new protection and LVRT requirements 

o Create settings for BESS On-Grid (e.g. G99 protection) 
o Define the requirements for settling times into Islanded mode after transition 

- Risks 
o Potential nuisance islanding due to over-sensitive islanding criteria 

Off-Grid Black Start 

- Supplier Assessment 
o feasible for a range of scenarios such as: ramping, sequential feeder switching, 

simultaneous feeder switching  
o BESS inverter current limitation leads to temporary voltage drop and limits inrush 

inherently 
o BESS dropout may occur in cases of unfavourable circumstances for inrush effects 

but may be determined by repeated trials 
o Quick damping of inrush occurs unless inappropriate settings are applied to the BESS 

- Additional Requirements 
o a sufficient dwell time is required before a Black Start is initiated, which would need 

be coordinated with motor load protection and DER interconnection protection 
o feeder protection relays need be sufficiently insensitive to inrush currents 
o in case of sequential feeder switching coordination with automatic resynchronisation 

of DER and motor loads needs to be applied 
- Actions 

o Define requirements on checks to perform before starting 
o Define requirements on Black Start procedure 
o Define sufficient performance levels for Black Start capabilities 
o Define dwell time before normal grid conditions are to be reached 
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Fault Ride Through in Off-Grid Operation 

- Supplier assessment 
o generally feasible. 

- Additional Requirements  
o Grid side voltages shall not rise beyond a certain threshold . 
o In addition, the ability to feed a fault current for up to 3s, the BESS shall be able to 

remain stable after fault clearance on a slow voltage return. 
- Actions 

o Define requirements on maximum permissible voltages. 
o Define requirements on back-slope extension of FRT due to delayed voltage return. 

- Risks 
o Oscillating or unstable interaction with DER or motor loads feeding faults that may 

lead to loss of synchronism.  

Off-Grid Stability 

- Supplier Assessment: 
o deemed to be achievable at Drynoch for a wide range of events 
o Stability may not be achieved for a small number of unlikely occurrences: i.e. excess 

DER infeed with fully charged battery, excessive motor start-up currents. 
- Actions 

o define set of events that will not destabilise the system. 
- Risks 

o oscillations with DER when in droop mode  mitigation e.g. by DER ICT based 
control 

Planned Transition from Off-Grid to On-Grid Operation 

- Assessment 
o feasible regardless of motor loads and DER. 
o potential tripping of DER. 

- Additional Requirements 
o BESS system would need to retain and apply the pre-islanding rotary field 

parameters, during islanding and Black Start. 
- Actions 

o Define parameters and criteria for resynchronisation. 
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7. BESS Design for Drynoch Primary Substation 

This section describes the sizing and design proposal of BESS for the installation that is proposed to be 
implemented at Drynoch primary substation as part of the RaaS project trial, and as set out in the FEED 
Report. The BESS suppliers’ offers are based upon the information listed here, and broadly comply with 
the requirements and restrictions imposed in terms of capacity, resilience, space allowance within the 
existing substation and cost effectiveness. 

The design parameters and specification of the BESS as described in the FEED Report was based on the 
results of the Grid studies and the calculation of the required usable energy capacity for RaaS in that 
report. The offers from the suppliers modify the final design of the installation (in terms of equipment 
selection, being product specific to each of the suppliers, and the results of their own Grid studies), 
but they have broadly complied with the original FEED Report requirements, as demonstrated in 
Sections 6 and 7 of the DDR. 

Afterwards, a full design proposal is provided before a cost update (redacted) and the split of scope 
between the RaaS service provider and the DNO are discussed. 

 

7.1. BESS Sizing 

As discussed, the requirements for the BESS as detailed in the FEED Report have been modified slightly 
following the results of the suppliers’ Grid studies, particularly in relation to the specification of the 
BESS inverter (particularly for stability and fault current performance) and the installed battery 
capacity for the range of usable capacity (Depth of Discharge – DoD) as well as aging of the battery 
cells. The BESS transformer also has a bearing on the fault current performance, but as the suppliers’ 
have broadly complied with the speciation for the transformer as listed in the FEED Report, there is no 
real impact. 

7.1.1. BESS Energy Capacity  

It is not possible to utilise the entire range of a lithium-ion BESS capacity during normal operation for 
safety and operational reasons. The FEED Report utilised the ‘industry standard’ of a maximum DoD of 
90% as an assumption. 

The suppliers in their responses to the RfP confirmed the following: 

Table 21. Battery Details Provided by the Suppliers 

Supplier Battery Type No. of 
Racks 

Total BOL 
Nameplate  

Capacity at PBC 
(Nominal) 

Battery C rate Total EOL Capacity 
at PBC 

DOD 

Hitachi ABB CATL LFP 16 5.96MWh 1* 3.5MWh 96.3% 
Loccioni LG JP3 40 4.48MWh 1 (with 2C Cells)* 3.65MWh 93.0% 

*The two suppliers are using differing technical solutions for the design of their batteries, hence the use of cells with C=2 for the Loccioni 
offer, to meet the requirement of short circuit capacity from the batteries. 

The FEED Report stated that to be able to provide the required 3.5 MWh of usable BESS energy capacity 
over the entire term of a RaaS contract required an oversizing of the initially installed battery by 20%, 
leading to an installed BESS energy capacity of 4.2 MWh. The suppliers have been able to comply with 
this requirement and the 90% DOD figure. 
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7.1.2. BESS Inverter Sizing 

As discussed in the FEED Report, the power rating of the BESS is also influenced by the characteristics 
of the BESS inverter. For a RaaS application, there are two main parameters that must be considered:- 

i) The C-rating of the battery cells, which defines the maximum active power available in 
relation to the installed BESS energy capacity that can be drawn from the battery cells. As 
defined in the Site Selection Report, a BESS with a C-rating of 1 MWh/MW (defined as 1C) 
provides the best solution for the RaaS application as it can cope with the power and 
energy demands for RaaS. For a requirement of 4.2MWh BOL capacity a rating of 1C, will 
define the maximum nominal inverter power requirement as 4.2 MW. This is significantly 
larger than the maximum observed peak load at Drynoch substation and gives enough 
capacity to be active on the flexibility markets, which is a subsidiary commercial benefit of 
the BESS.  
 
When sizing the capacity of the BESS Inverter consideration also has to be given to the 
power factor range required by the Grid connection agreement. For the FEED Report a 
power factor range from cos Ø = - 0.8 to cos Ø = + 0.8 was assumed, resulting in a maximum 
installed inverter rating of 5.25 MVA. 
 

ii) As highlighted earlier in this report and specifically in Section 7, the BESS Inverter needs to 
be sized in accordance with Grid protection and Black Start requirements. The results from 
the Grid studies in the FEED Report identified that a BESS inverter with a continuous 
capacity of 5 MVA  with a short-circuit capacity of 1.2p.u., would be required for the safe 
operation of the existing protection and stable operation of the 11kV network supplied 
from Drynoch primary substation in Grid parallel mode as well as in Islanded mode.  

The FEED Report postulated that a reduction of the BESS Inverter size from 5.25 MVA to 5 MVA would 
be still be acceptable in the context of this project as this still exceeds the maximum peak load 
observed on the network and leaves sufficient power capacity for activity on the flexibility markets. 
This was also considered to be of further benefit as a 5 MVA sized inverter is commercially more readily 
available. 

The FEED Report also postulated that a BESS Inverter size of 3 MVA would also be sufficient for the 
resilience and flexibility requirements but would not meet the protection and Black Start 
requirements.  

Therefore, the BESS specification for the Front End Engineering Design (FEED) was set at 4.2 MWh / 5 
MVA.  

The suppliers in their responses to the RfP confirmed that the following were the specifications for the 
BESS inverter that they are offering: 

Table 22. Inverter Details Provided by the Suppliers 

Supplier Inverter Type No. of 
Units 

Capacity per 
Unit 

Total 
Capacity  

Short Circuit Capacity 

Hitachi ABB ABB PS1000 4 1.5MVA 6.0MVA 120% max 
Loccioni Danfoss Vacon NXP  6 0.983MVA 5.9MVA • 140% max. 

• 150% current limit 
• 115% fault injection current (set) 
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7.1.3. BESS Transformer Sizing 

The FEED Report demonstrated that a BESS transformer with a continuous rating of 3MVA with a 
maximum impedance of Z = 8% would be sufficient to meet the protection and Black Start 
requirements. With the reasoning provided in the section above on the BESS inverter sizing this was 
selected as the BESS transformer rating for the FEED Report. 

The two BESS suppliers have confirmed that they are proposing a BESS transformer of this capacity, 
following review of their proposals in response to the RfP. The details of the transformers being offered 
are as follows: 

Table 23. BESS Transformer Details Provided by the Suppliers 

Supplier Transformer 
Type 

Method 
of 

Cooling 

Continuous 
Rating 

Vector 
Group 

Voltage Ratio Impedance Comments 

Hitachi ABB Cast Resin AN 3MVA Ynd11 11/0.69kV TBC  
Loccioni Cast Resin AN 3MVA Ynd11d11 11/0.415/0.415kV 6% Primary Resistance = 0.11307Ω 

Secondary Resistance = 0.003121Ω 
Primary Leakage Ind = 1.20093Ω 
Secondary Leakage Ind = 0.020512Ω 
Magnetising Inductance = 35380Ω 
Zero Sequence Inductance = 2.56Ω 

 

The data listed above has been used by the suppliers in their studies. 

Potential requirements to oversize the transformer to enable more import and export for activity at 
the flexibility markets will be analysed based on the results of WP4’s flexibility modelling, which will 
be published in the reports E4.2 and E4.3 ‘Operational Optimisation Report’. 

 

7.2. BESS Layout 

In the FEED Report, the equipment outlined above was used to check the spatial requirements for the 
incorporation in the foot pint of the existing Drynoch primary substation compound.  

7.2.1. BESS Spatial Requirements 

A suggested proposed layout for the system is shown in Figure 40 below. This is one potential 
configuration, developed for the FEED report to demonstrate that the equipment could be 
incorporated into the external yard area of the primary substation. It was anticipated that the 
individual suppliers would offer slightly differing solutions as their layouts and configurations would 
be specific to the equipment that they would offer.  It was fully anticipated that the final layout would 
be further refined in the Detailed Design phase using the information in the supplier responses to the 
RfP. 

Both Hitachi ABB and Loccioni have offered slightly different solutions, the main differenced to the 
layout illustrated as part of the original Feed report being as follows: 

i) The liquid Filled (KNAN) 3MVA BESS transformer has been substituted for a dry-type cast-
resin (AN) 3MVA transformer in an IP44 rated enclosure. 
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ii) The two 40 feet long containers housing the PCS and batteries have been substituted by 
the following: 
 
a) Hitachi ABB 

• A single 20’ long container housing the Auxiliary DB, UPS, SCADA Control 
Panels and the operator stations 

• The weatherproof enclosure for the BESS transformer 
• The 4No. Modules forming the PCS, in weatherproof enclosures, close coupled 

via busbar trunking to the BESS transformer 
• The 16No. Battery racks forming the BESS battery, in weatherproof 

enclosures. 
• 2No. weatherproof enclosures housing the control and auxiliary panels. 

 
b) Loccioni 

• A 40’ long container housing the PCS modules, the control system, the 
auxiliary power supplies and the DC distribution equipment 

• 2No. 40’ containers housing the racks forming the BESS battery. 
• The weatherproof enclosure for the BESS transformer 

In the detailed design phase, the layouts will need refining to integrate with the existing equipment in 
the substation yard. 

The outline design in the FEED Report proposed one containerised unit that would house the BESS 
components and a second containerised unit housing the BESS Inverter as well as the DC distribution 
equipment to link the BESS Inverter to the Battery Combiner Panel (BCP). 

Both containers were envisaged to be system-built, prefabricated, weatherproof and secure 
enclosures designed to protect the equipment contained from the external environmental conditions 
likely to be experienced at Drynoch.  

This layout is still included in the DDR to demonstrate the spatial constraints in the existing Drynoch 
primary substation yard, and the parameters that the BESS suppliers will be working to in order to 
accommodate their specific solutions. A fully detailed site survey will be necessary before the BESS 
suppliers can produce finalised design, and it is envisaged that their initial proposals that were 
submitted in response to the RfP may be revised somewhat to suit. 

The following ancillary systems were included for both containers: 

• 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) 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. 
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• 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. 

 

Figure 40 – Typical layout of BESS 

The auxiliary LV supplies derived from the LV side of the BESS transformer are 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.  

The original Liquid-filled BESS transformer was intended to 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 on the 
images below (Figure 41 and Figure 42): 
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Figure 41 – BESS General Arrangement 

 

Figure 42 - 3D Representation of the BESS general arrangement at the Drynoch substation 
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7.2.2. Battery Components 

Battery Modules 

The proposed BESS outlined in the FEED Report is based on lithium-ion battery modules. One battery 
module contains multiple battery cells, cell voltage and temperature measurement sensors, 
communications interfaces and a ventilation unit. 

Both Suppliers have proposed this type of battery technology in their solutions. The size and number 
of the battery cells and battery modules are dependent on the individual Supplier’ selection of 
manufacturer for the cells. 

Battery Racks 

The individual batteries will be housed in battery racks, which are a (mainly steel) storage rack to 
accommodate a number of battery modules. For ease of installation and removal of the single battery 
modules, the racks contain trays in which the battery modules can be inserted and removed. With this 
arrangement, DC string voltages up to 1500 V can be achieved. Consequently, the number of racks 
can be considered equivalent to the number of DC strings in parallel. 

Circuit isolation and protection for each battery rack will 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. 

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

Battery Management System (BMS) 

A BMS will be provided which monitors the status and health of the batteries and also detects 
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. 

 

7.2.3. BESS Inverter  

It is proposed that the BESS Inverter will operate in ‘Grid Following’ mode, when operating in parallel 
with the Grid, in a similar way to a current source inverter. In this mode, the BESS Inverter will provide 
active power in accordance with frequency-based droop curve characteristic, which is a linear curve 
which determines the active power output or input of the BESS Inverter at a certain frequency level 
(P- f droop).  

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 EMS will control the synchronisation and connection of the BESS to the grid when the BESS is 
operating in parallel as this is possible due to the far larger power capacity of the grid compared to the 
power capacity of the BESS. The capacity of the grid allows the EMS to control the BESS Inverter in 
synchronous operation with the Grid. 
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When the BESS is intended to move to ‘Island Mode’ the PCS/EMS control system will control the 
transition from ‘Grid Following’ mode to ‘Grid Forming’ mode, allowing the 11kV network to 
seamlessly transfer from Grid Connected to Islanded mode. The control methodology that instigates 
such a transfer is described in more detail in Section 8. 

When the Grid becomes available following an outage, the islanded 11kV network that has been 
supported by the BESS will be synchronised to the grid across the primary transformer 11kV circuit 
breaker by the EMS. The EMS will modify the droop curves within the BESS Inverter to match voltage 
and frequency, allowing closure of the grid circuit breaker and return to parallel operation with the 
BESS acting as a distributed generator under the definition of ENA EREC G99. Again, this procedure is 
described in more detail in Section 8. 

 

7.2.4. Cabling Installations 

All cabling installations shall be in accordance with the requirements of BS7671 and SSEN specification 
Ref. TG-NET-CAB-001. 

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. 

 

7.2.5. BESS Transformer 

The original FEED proposal for the BESS transformer being a liquid-filled Midel 7131 (KNAN) unit has 
been substituted by a cast resin insulated dry-type transformer (AN) in an environmentally protected 
(IP44 minimum rated) enclosure, by the BESS Suppliers, as being a more commercially advantageous 
solution. 

The proposed transformer will still comply with ENA TS 35-1 as far as possible and will still comply with 
Tier 2 under EU EcoDesign Regulation 548/2014 and will be manufactured in compliance with BS EN 
60076. The transformer will have a minimum symmetrical short-circuit withstand rating of 25kA for 3 
seconds 

Refer to Table 23 for the technical details of the transformers being offered by each of the BESS 
Suppliers. 

The intended maximum output of fault current from the PCS specified in the FEED Report was 1.2p.u. 
on rating (i.e. 6MVA), and with a BESS transformer continuous rating of 3MVA, this equates to a current 
of 2.0p.u. on rating of the transformer. 
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7.2.6. Earthing Arrangements 

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

The arrangement only keeps the 11kV network earthed when the transformer 11kV circuit breaker is 
closed. This is acceptable when the proposed BESS is connected in parallel with the Grid, but in ‘island’ 
mode operation, the transformer CB will be ‘open’, removing the earth reference or potential return 
earth path to enable satisfactory operation of any earth fault protection on the 11kV network.  

It is therefore a requirement that an additional earth is 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 removed when the BESS is 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 one month period. It is, however, in the discretion of the DNO to release this requirement.  

At Drynoch it is therefore proposed that there is an electrical interlock between the primary 
transformer 11kV circuit breaker and the BESS transformer earthing contractor 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 Scottish and Southern Electricity Networks (SSEN) controls infrastructure 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 require an interlocking arrangement that 
signals the closure of the contactor along with the primary transformer circuit breaker in a fault 
condition to indicate the earth is present in island operation. 

It is proposed that the earthing contactor is included within the scope of the BESS Suppliers’ works. 
The contactor will need to be located in a weatherproof enclosure, or within the BESS transformer 
enclosure, if accommodation is available.  

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. 

The earth connection from the BESS transformer neutral/earth contactor will be connected to the 
same substation earth as the existing primary transformer. Additional earth electrodes and grading 
electrodes will be installed around the BESS containers and the BESS transformer housing to ensure 
that the site has an earth potential rise below 430V and so is designated as COLD. Also, an earth 
potential rise of less than double the touch potential limit (<466V), to allow the HV and LV to be 
combined with no further limitations. 

The touch potentials and step potentials in the immediate area surrounding the BESS containers and 
the transformer housing will be below the limits stated in ENA EREC S34 and ENA TS 41-24, to ensure 
that the installation does not pose any unacceptable risk for personnel in the vicinity. 

All earthing conductors will be sized and selected to handle the maximum earth fault currents 
generated for the disconnection times achieved by the earth fault protection settings of the relevant 
protection relays. 
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It is intended that the BESS LV installation associated with the AC network on the BESS side of the 
transformer will be an IT system as defined by BS7671. 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 will 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.  

 

7.2.7. Protection Design for Loss of Mains 

Several statutory documents apply to the implementation of the RaaS scheme at Drynoch. The primary 
objective is that the electricity public distribution network (PDN) must be operated in a manner that 
ensures network security and the safety of customers and the public. The requirements that apply are 
listed in the ENA EREC G99 which defines how the protection system of the BESS should co-ordinate 
with the DNO’s existing protection.  

In accordance with clause 10.2.1 of ENA EREC G99, the maximum time for the relay to pick up and 
operate for a reduction in voltage of >20% is 2.5s, and then disconnect the Power Generating Module 
in a time shorter than any auto reclose dead time on the DNO’s network. This will make allowance for 
circuit breakers fitted with Delayed Auto Reclose (DAR), where the minimum operation time of 0.5 s 
should be allowed, so that the relay will then coordinate with auto-reclosers set with a dead time of 
3s. 

It is proposed that the G99 compliant protection will operate on the LV circuit breaker associated with 
the BESS transformer, and any relevant event on the Grid that causes the voltage, frequency or rate of 
change of frequency to move outside of the parameters prescribed in EREC G99, will disconnect the 
BESS from the Grid. If the Grid is still healthy, or has recovered from a sustained voltage depression, 
or has recovered due to an auto recloser restoring the 33kV network, 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. 

In order to allow the BESS to provide RaaS, it is imperative that disturbances on the 33kV network 
upstream of Drynoch primary substation do not unnecessarily cause to BESS to be disconnected. For a 
fault on the 33kV network that would almost certainly instigate a tripping of the BESS transformer LV 
CB a supervising and control relay will be provided by SSEN, which will be configured with the same 
setting capability as a G99 compliant relay, but with settings (to be agreed), that sit within the 
parameters of the G99 compliant relay.  

The proposed operation methodology of the protection for a fault on the 33kV network is a follows: 

• The SSEN Loss of Mains Relay (LOM) senses a deviation in system voltage, frequency or rate of 
change of frequency outside of the settings (which are to be agreed a stable values within the 
maximum values listed in G99, but to pick up before the G99 LOM relay acting on the BESS 
transformer LV CB). 
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• A signal is relayed simultaneously to the 11kV CB on the primary transformer and to the PCS 
control system, or with a delay if required, estimated to be approximately 10ms after the SSEN 
LOM relay senses a LOM event. 
 

• Upon receipt of the signal, the PCS will switch from Grid Following mode to Grid Forming mode 
and a blocking signal is issued to the BESS transformer LV CB G99 LOM relay to prevent it 
operating. 
 

• The 11kV network has then transitioned to ‘island’ mode. 
 

• A status signal is relayed from the PCS/EMS to the SSEN RaaS controller that the BESS is in 
‘island’ mode. 
 

• The G99 LOM relay on the BESS LV CB remains blocked for the duration of the time that the 
11kV network is in ‘island’ mode. 
 

• If the SSEN LOM relay fails to operate for any reason for a justifiable G99 defined occurrence, 
a signal will not be relayed to the PCS/EMS control system, and the G99 LOM relay on the BESS 
LV CB will not be blocked, leading to potential tripping of the BESS LV circuit breaker.   
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7.2.8. Power Quality Analysers 

Power quality analysers will be provided on the 11kV side of the primary transformer (SSEN 
responsibility) and the BESS transformer (supplier’s responsibility) to continuously monitor voltage 
quality in terms of harmonic content and flicker on the 11kV primary busbar 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 with BS EN 50160 “Voltage 
characteristics of electricity supplied by public electricity networks” (when the network is connected 
to the Grid or in Islanded mode), and BS EN 61000. 

 

7.3. Boundaries of Scope Between the RaaS Service Provider and 
DNO 

When developing the detailed design for the RaaS solution the boundaries of scope between the RaaS 
service provider and the DNO have been further discussed. This has been undertaken in the context of 
a future business as usual (BAU) roll-out of RaaS, with specific changes necessary for the RaaS 
demonstration scheme highlighted. 

For a future BAU roll-out it is expected that in the majority of the cases, a RaaS system would not be 
located within an existing substation compound. Therefore, there is a natural split of scope, where all 
equipment and components leading up to the point of connection between the RaaS system and the 
11kV network is the responsibility of the RaaS service provider. This includes the installation and 
operation of the BESS (including all controls and connections), the inverters, the BESS transformer, and 
all auxiliary systems, as well as the responsibility to secure suitable land and fulfil Principal Designer 
(PD) and Principal Contractor (PC) roles. The EMS will also be provided and operated by the RaaS 
service provider, with data interfaces to the DNO system further discussed in Section 8. 

For the RaaS demonstration scheme, the batteries and inverters together with the ‘third-party’ EMS 
will be delivered and operated by project partner E.ON acting as the RaaS service provider. The RaaS 
demonstration scheme would be located within the primary substation compound for trial purposes, 
however, it is still deemed the most appropriate procurement route for the project that the RaaS 
service provider will supply, install, test and commission the BESS transformer and associated cabling 
together with the BESS transformer primary winding earthing device to grant the earthing in Islanded 
mode. 

In order to connect the BESS to the existing 11kV network, a new circuit breaker will be required to 
provide a connection point for the BESS transformer, thereby allowing charging of the batteries and 
correspondingly discharging them to support the network. There is also a possibility that an Active 
Network Management System (ANM) may be required. The project’s design and integration of the 
required 11kV switchgear is part of the scope of SSEN as the DNO. 
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Responsibilities for CDM Principal Designer (PD) and Principal Contractor (PC) roles during the RaaS 
demonstration scheme are under discussion with recognition of the considerations associated with 
installing a third party owned and operated system within an existing primary substation, including 
access, safety, and welfare provision. The best solution for a successful implementation of the RaaS 
project will be selected based on further details on the installation timelines once established during 
Phase 2 of the project.   
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8. RaaS Operational Considerations 

For a successful delivery of the planned Resilience as a Service (RaaS), three operational scenarios need 
to be considered: 

1) Active Islanding: caused by failure of the upstream 33kV feeder, the target is a seamless transition 
from Grid Connected to Islanded mode, resulting in no discernible interruptions for customers. 
The islanding would happen automatically through the local BESS energy management system 
(EMS), after prior activation (or non-deactivation) of the functionality through the Scottish and 
Southern Electricity Network (SSEN) control room. 
 

2) Resynchronisation: resynchronisation and reconnection of the local 11kV network to the 33kV 
network through a synchronisation procedure under the control of the local control system, or by 
intervention from SSEN’s control room. 

 
3) Black Start: restarting and operating the local 11kV network from the BESS in the event of a total 

black-out of the 11kV network. The BESS will go through a start-up routine and synchronise to the 
‘dead’ primary busbar to ramp up the 11kV network. The procedure is automatically started by the 
DNO RaaS Controller. 

 

8.1. Scenario 1 - Active Islanding Procedure 

The active islanding process is as follows: 

i) The situation is ‘normal’, Drynoch primary substation is connected to the 33kV 
network and is supplying the local 11kV network via the primary transformer. The BESS 
is synchronised to the grid at the Drynoch primary substation 11kV busbar and is 
supporting some or all of the load on the network (or charging). 
 

ii) A failure of the grid occurs (loss of the 33kV feeder) (Note that the DNO RaaS controller 
also needs to be in Island Enable state). 

 
iii) The LOM relay on the SSEN network monitoring voltage and frequency on the 

incoming 33kV feeder, by sensing on the VT on the 11kV side of the primary 
transformer connecting Drynoch primary substation to the rest of the SSEN network 
detecting an ‘out of range’ event that causes the relay to pick up. This relay provides 
a signal to the BESS to switch state from Current Source (Grid Following) mode to 
Voltage Source (Grid Forming) mode. After a pre-set time delay (provisionally 70ms, 
but the exact value to be determined during further studies and commissioning), the 
primary transformer is disconnected from Drynoch primary substation 11kV busbar, 
by opening the 11kV circuit breaker (CB), placing the local 11kV network in ‘island’ 
mode. This allows time for the BESS to switch the PCS into Grid Forming mode and 
remain stable. 

 
iv) At the same time, the EMS will close the BESS transformer 11kV winding neutral/earth 

contactor to restore and earth reference to the 11kV network (utilising an 
electric/mechanical interlock). 
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v) The EMS will signal to SSEN Control that the BESS is in Grid Forming Mode. 
 

vi) As the deviation in the system voltage and frequency and opening of the primary 
transformer CB will occur rapidly and the G99 compliant protection will start to pick 
up on the deviation in voltage, the BESS Low Voltage (LV) circuit breaker will remain 
closed, as long as the grid primary transformer CB has opened within the relevant 
settings window on the G99 protection relay. At the same time the EMS having 
detected opening of the primary transformer CB and relays a ‘blocking’ signal to the 
G99 protection relay to prevent its further operation with the 11kV network in ‘island’ 
mode. 

 
vii) In Islanded mode, the BESS is the single source of voltage and frequency regulation for 

the 11kV network and supports the full network demand (note that some DER might 
be also connected so the BESS might not supply full load but is still a source of voltage 
and frequency regulation). 

 
viii)  The BESS will continue to support the network in Islanded mode until either the grid 

returns to a healthy state, or the BESS batteries fall below a threshold SOCmin value 
and shuts down. 

 

8.2. Scenario 2 - Resynchronisation Procedure 

The resynchronisation process is as follows: 

i) When the grid returns, this will be detected by voltage and frequency that are in range 
appearing on VT on the incoming side of the primary transformer 11kV CB by the EMS 
and by the SSEN LOM relay. 
 

ii) If the BESS is available for service, the EMS will enable the synchronisation of the BESS 
Inverter after a dwell time to prove that the grid remains stable.  

 
iii) A signal will be raised to SSEN’s RaaS Controller indicating that the grid is available for 

reinstating and waits for signal from the RaaS Controller to proceed. 
 

iv) Once proceed signal is received, the EMS will match voltage and frequency across the 
primary transformer 11kV CB by monitoring across the feeder VT on the 11kV side of 
the primary transformer and the VT on the primary 11kV bus. When in limits, a ‘close’ 
signal will be relayed to close the primary transformer 11kV CB. 

 
v) The BESS will then operate in parallel with the grid, operating as a current source with 

the active and reactive power controlled by the EMS.  

 

8.3. Scenario 3 - Black Start Procedure 

The Black Start process is depicted is as follows:  
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i) If the BESS is offline, and there is a loss of grid due to a failure on the 33kV network 
feeding Drynoch primary substation, or the primary transformer 11kV CB trips, then 
the EMS will instigate a Black Start procedure under the control of the distribution 
network operator (DNO), via the DNO operated RaaS Controller. 
 

ii) When the BESS is available, the DNO RaaS Controller will be notified, and a Black Start 
initiation procedure will be instigated. 

 
iii) The RaaS Controller will trip the two outgoing feeders to the 11kV network supported 

by Drynoch primary substation. 
 

iv) A ‘start-up signal’ will be relayed from the RaaS Controller to the EMS. 
 

v) The SSEN RaaS controller will open the primary transformer 11kV CB (if it has not 
already tripped), which in turn will close the BESS transformer 11kV winding 
neutral/earth contactor to restore and earth reference to the 11kV network. 

 
vi) The EMS will start the first BESS Inverter module and synchronise to the 11kV ‘dead’ 

busbar in the primary substation via the BESS transformer LV CB (the BESS transformer 
11kV remains closed). 

 
vii) The EMS starts up the remaining BESS Inverter modules and signals to SSEN control 

the BESS is available. 
 

viii) SSEN restores the 11kV network via telecontrol, closing the two outgoing circuit 
breakers on the Drynoch primary 11kV bus. This could be in a controlled sequence 
with the feeders being sequentially closed. This may be with both of the 11kV feeder 
circuit breakers being closed simultaneously and the remote transformer 11kV circuit 
breakers remaining closed.  
SSEN agree that it should be possible to perform this test on site, however they will 
need to be confident that the BESS can handle the surge (whole feeder, feeder with 
POW or sections of 11kV network).  The modelling studies undertaken by the BESS 
Suppliers and summarised in Section 6 confirms that the BESS is capable of handing 
the full transient inrush without sequential switching of the remote transformers and 
feeders nor without the necessity of reverting to POW switching. 

 
ix) The Network is then in ‘island’ mode. 

 

8.4. Integration of DG into the Operational Scenarios 

As described, a total DG Maximum Export Capacity (MEC) of 0.73 MW is expected to be on the Drynoch 
11kV network once the RaaS system is commissioned. This section discusses briefly the expected 
behaviour of the two wind turbines and the planned hydro power plant during the islanding, 
reconnecting and Black Start procedures. 

For Scenarios 1 and 2, the G99 (or G59 if the units have been operating prior to G99 being introduced) 
compliant protection should not see a disturbance of sufficient magnitude to trip the DG ‘off grid’. If 
this does occur, it is assumed that they will automatically re-connect when the system parameters 
stabilise, and their protection relays re-set. Under Black Start (Scenario 3), the units will stop 
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generation when the 11kV network shuts down. They will synchronise to the network again 
automatically when power is restored, or under an enable signal from the DNO control room. 

Further investigations will have to be made in the Detailed Design phase for the influence of DG on 
resynchronization and stability during Islanded mode, for which more detailed information on the DG 
is required.  

 

8.5. Additional Protection Associated with Operations 

The control system provided by the EMS makes allowance for remote intervention from the SSEN 
control room, and possibly for manual intervention when there is a need to intervene at site level.  

Therefore, additional protection has been specified for the points on the network within Drynoch 
primary substation, where closure of 11kV circuit breakers could result in an unsynchronised close, 
Resulting in potential damage to equipment or personnel.  

The additional protection against unsynchronised closure is provided by Check Synchronisation relays 
(ANSI Code 25C) installed on the primary transformer 11kV CB and the BESS transformer 11kV CB. 
These relays can be arranged to allow the following scenarios shown below: 

Table 24. Check Sync Scenarios 

Circuit Breaker Permitted Operation 

Primary Transformer 11kV CB Live Line – Dead Bus 

Live Line – Live Bus 

BESS Transformer 11kV CB Live Line – Dead Bus 

Live Busbar – Dead Line 

 

The synchronisation ‘window’ settings will be coordinated with the ‘window’ settings in the EMS 
synchronisation controller to ensure that valid synchronisation commands are not blocked by the 
check synchronisation relays. 

 

8.6. Control Interfaces to SSEN  

It has been indicated by SSEN that DN3P or IEC 61850 protocol is to be used for this project. The 
following section outlines the high-level interfaces planned for the integration of the RaaS 
demonstration scheme, which will be required for the BESS to operate under full compliance with EREC 
G99 (when required, and primarily when in parallel with the Grid). Specific details regarding the 
integration of control functions will be further developed during Phase 2 of the project. 

The required control interfaces are split into interfaces required for compliance with EREC G99 and 
operational interfaces for the operation of RaaS: 

 



07.10.2021  84 

Interfaces for compliance with EREC G99 

1. The Active Power output of a Power Generating Module should not be affected by voltage 
changes within the statutory limits declared by the distribution network operator (DNO) in 
accordance with the ESQCR.  

2. Power Generating Modules shall be equipped with a communication interface (input port) in 
order to be able to reduce Active Power output following an instruction at the input port.  

3. Under abnormal conditions automatic low-frequency load-shedding provides for load 
reduction down to 47 Hz. In exceptional circumstances, the frequency of the DNO’s 
Distribution Network could rise above 50.5 Hz. Therefore, all Power Generating Modules 
should be capable of continuing to operate in parallel with the Distribution Network in 
accordance with the following:  

a. 47 Hz – 47.5 Hz Operation for a period of at least 20 s is required each time the 
frequency is within this range.  

b. 47.5 Hz – 49.0 Hz Operation for a period of at least 90 minutes is required each time 
the frequency is within this range.  

c. 49.0 Hz – 51.0 Hz Continuous operation of the Power Generating Module is required.   
d. 51.0 Hz –51.5 Hz Operation for a period of at least 90 minutes is required each time 

the frequency is within this range.  
e. 51.5 Hz – 52 Hz Operation for a period of at least 15 minutes is required each time the 

frequency is within this range. 
 

Interfaces for the operation of RaaS:  

1. Monitoring of the Grid voltage and frequency from the VT on the incoming (Grid) side of the 
primary transformer 11kV CB. (for loss of Grid and synchronisation purposes). 

2. Monitoring of the voltage and frequency on the primary substation 11kV busbar (via a busbar 
VT) (for synchronisation purposes). 

3. Open and close signals to the primary transformer 11kV CB (under control of the SSEN RaaS 
Controller). 

4. Load shedding signal to the DNO control centre for the DNO to open the outgoing 11kV circuit 
breakers under ‘Black Start’ (Scenario 3). 

5. Status signal from the DNO control centre that the load shedding is complete. 

6. Status signal to the DNO control centre that the BESS in synchronised to ‘dead’ busbar on the 
primary substation main 11kV busbar and is ready to accept load. 
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9. Report Summary  

This Detailed Design Report (DDR) has provided a review of the solutions proposed by two specialist 
suppliers for the application of RaaS, and its evaluation by the RaaS project team, with consideration 
to the potential demonstration site at Drynoch primary substation. Through discussion with the 
potential suppliers valuable insight has been gained on the requirements to be tendered for Phase 2 
of the project. 

From the results presented in this report, it can be concluded that the application of RaaS is technically 
feasible with reasonable adaptations to the existing network. The next stage will be to invite the 
suppliers to provide a firm tender offer for the design, supply, installation, testing and commissioning 
of the BESS at Drynoch for operational evaluation. The suppliers will tender against a ‘Request for 
Quotation’ (RfQ) document to be issued by E.ON that will draw on the conclusions presented in this 
DDR. 

Some risks remain open, and will need to be addressed through the testing (for example FAT before 
installation) and commissioning of the scheme at Drynoch. Dynamic models of customer loads and 
connected DERs could not be created in enough detail to perform dynamic stability simulations which 
fully take their influence into account. Similarly there are no available measurements of secondary 
distribution transformer inrush currents when fed by grid forming converters, so the effects may be 
more or less critical than estimated. These risks combined with the lack of industry experience in such 
micro-grid configurations leave some open questions for the pilot scheme at the trial site, but also 
emphasises the value of the experience that can be gained through the application and demonstration 
of RaaS at Drynoch. 

The information provided to the suppliers (as presented in the FEED Report) was used by them to 
undertake their own quantitative grid studies and assess the performance of the existing protection 
scheme under various scenarios including when in Islanded mode, and to analyse the performance of 
the BESS during islanding, Black Start, re-synchronisation, etc. 

For Drynoch, the BESS suppliers’ studies (undertaken using models of commercially available 
PCS/Battery and transformer products) have concluded that to safely Black Start the network, 
sequential switching of individual grid sections may not be required, nor will the use of controlled Point 
on Wave (PoW) switching of the main circuit breakers. This would be further evaluated during the trial 
stage of the project.  

The BESS equipment proposed by the suppliers in their responses to the RfP, used  later to develop 
their studies, indicates that the specific BESS inverter equipment,  battery capacity, and product 
overcurrent capacity, offered by each supplier will, in combination with the BESS transformer of 3MVA 
capacity (continuously rated, as offered), be adequate to operate the existing network protection 
system at Drynoch. 

The operational considerations for the implementation of RaaS at Drynoch, and with consideration to 
future BAU roll-out across other sites, have been further defined as part of this DDR. Close 
collaboration with SSEN has added to this review, with particular focus on the transition modes 
between Grid Connected and Islanded operation, and on the Black Start scenario.  

The integration of the existing DERs has also been reviewed, mostly as a qualitative assessment based 
on previous project experiences as no customer specific models were available for detailed simulation. 
The assessment at Drynoch shows that the local DERs are not expected to have a negative impact on 
the system stability in Islanded mode. 
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The BESS’s reactive transition from Grid parallel mode to Islanded mode has been reviewed in 
conjunction with the BESS suppliers’ PCS/EMS configurations, and it has been proposed that for faults 
on the DNO’s 33kV network, the transition will be instigated by a loss of mains (LOM) relay (or 
equivalent system) signalling to the BESS PCS to change state from Grid Following mode to Grid 
Forming mode, and tripping the 11kV circuit breaker of the primary substation transformer. The 
reaction time of the circuit breaker is expected to be 20msec to 100msec longer that the time required 
by the PCS to initiate transition to Islanded mode, giving the PCS sufficient time to settle.   

The settings in this DNO LOM relay will be such that it picks up within the ‘standard’ recommended 
settings for EREC G99 compliancy, to ensure that the transition occurs before the LOM relay acting on 
the BESS LV circuit breaker starts to operate. While transition occurs, this LOM relay will be blocked in 
its operation, or work with revised settings, and will remain so for the duration of Islanded mode 
operation. 

The required interfaces of the BESS EMS system with the DNO RaaS controller for the operation of the 
system have been considered. The DNO RaaS controller will enable the BESS to transition out of 
Islanded mode, and to actively manage the Black Start procedure to control the safe ramping up of the 
network and manage the inrush currents of the secondary transformers to a level that can be 
supported by the BESS, if required. The DNO RaaS controller will ensure the correct switching of the 
earthing between Grid Connected and Islanded modes. In addition, the DNO Control Room will retain 
the option to disable the RaaS system and deactivate the transition capability. 

  



07.10.2021  87 

10. Key Learning 

The following points summarise key learning from the work undertaken to develop the DDR.                      
In addition to supporting development of the RaaS concept, these points are expected to have 
relevance for similar projects assessing dynamic network response capability at present and in future. 

• There is very limited experience of designing islanded micro-grids fed by grid forming 
converters in networks such as the complex 11kV system of Drynoch, on either the solution 
provider or DNO side. This necessitated detailed simulations which have provided significant 
understanding with regard to the challenges of the RaaS concept, and potentially other flexible 
solution use cases. 

• It is challenging for DNOs to access all the information required to model their LV networks in 
detail, and, if feasible at all, would require a specific process to collect customer asset data to 
the level of detail that would ideally be necessary for such studies. This limits the scope of 
potential studies as it is not possible to undertake dynamic simulations including models of 
customer loads and DERs to fully understand system behaviour. Until more experience is 
gained based on RaaS and similar projects, a level of uncertainty remains during the 
engineering phase. 

• Very close cooperation between DNO experts and BESS system experts is needed to develop 
a common understanding of a proposed solution and to cover all aspects required by such a 
scheme. This includes operational experience to evaluate challenges associated with complex 
networks. Within the RaaS project the FEED report delivered an initial design and battery sizing 
evaluation based on DNO expertise, which was then used as a basis for the potential suppliers 
to undertake their own analysis.  

• Building the pilot scheme at Drynoch would bring significant learning for DNOs and BESS 
system integrators with regard to the design and operation of complex micro-grids, in addition 
to insight into the potential future application of RaaS.  
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