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EXECUTIVE SUMMARY 

The Scottish and Southern Electricity Networks (SSEN) Resilience as a Service (RaaS) innovation 

project seeks to improve the reliability and availability of distribution networks in remote or rural 

locations through services procured from a third party owned Battery Energy Storage System (BESS). 

The RaaS concept has the potential to provide black start capability and enable islanded operation of 

the local electricity network during power interruptions. This will improve customersô security of supply 

and reduce Customer Interruptions and Customers Minutes Loss (CIs/CMLs) Error! Reference 

source not found.. 

The RaaS project will demonstrate the integration of a BESS and associated Energy Management 

System (EMS) at a site on SSENôs Scottish Hydro Electric Power Distribution (SHEPD) 11kV rural 

network, with Drynoch primary substation selected as the potential trial site Error! Reference source 

not found.. 

The network modelling studies undertaken by WSP for the RaaS project intend to evaluate and 

analyse the general technical requirements and challenges associated with the implementation of the 

RaaS scheme. The studies have included the assessments of the steady state performance and 

dynamic stability, transient inrush current phenomena and black start requirements, and earthing and 

fault protection studies. In addition to the Drynoch site, Kinloch and Mallaig have also been assessed 

to provide a wider perspective relevant to future roll out of RaaS. 

WSPôs work during preceding RaaS work packages has identified and presented suitable model 

requirements and set out the required Test Cases for conducting the aforementioned project studies. 

Steady state and detailed transient models of Drynoch, Kinloch and Mallaig network sites have been 

developed and validated for different study types, including load flow, fault levels, transient (i.e. inrush 

currents) and stability studies.   

This D4.2 report presents the approach taken to model, simulate and evaluate the coordination of 

protection devices (HV relays, HV fuses, and LV fuses) during normal grid-connected, islanded, and 

black start operation for the RaaS project. The report provides information on any improvement of the 

models, data and assumptions used, results of the potential impact of protection coordination between 

existing relays, and key findings and technical recommendations. The details of the Drynoch network 

model have been formerly presented and reported in the project deliverables (Network Model 

Development and Validation for RaaS) Error! Reference source not found. and (Modelling and 

Simulation Studies of Inrush Current Phenomena Associated with the Application of RaaS) [4]. The 

network model has then been updated by adding Over-Current (OC) and Earth Fault (EF) protection 

models using standard protection relay model templates available in the PowerFactory Library. All the 

relay and fuse characteristics provided by SSEN were integrated within the developed protection 

models and used for the studies. 

To validate the response of the BESS under different fault conditions, detailed Electromagnetic 

Transient (EMT) simulation studies have been conducted. The EMT results of the BESS fault 

contributions were then compared to two BESS manufacturers results provided by SSEN. An 

equivalent RMS BESS model was developed and used with the DIgSILENT PowerFactory RMS 
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protection tool to undertake the protection coordination studies, and recommendations on the Drynoch 

protection settings were provided. 

IEC 60909 standard was used for simulating fault levels and protection coordination studies for the 

grid-connected cases (test case 1 to 3). For studies under islanded operation (BESS-only and BESS 

with DG), the Complete method was used as IEC 60909 2016 is not suitable for this approach.  

To clarify, the IEC 60909 fault calculation method does not require load information and it applies 

extreme-case estimations (i.e., no need to run load þow prior to fault calculations, and only voltage 

correction factors can be implemented). Whilst the Complete method is based on the network 

operating condition. The complete method is more suitable and accurate in terms of system modelling, 

and it is used by Engineering Recommendation G74. Within this report the Complete method for the 

BESS-only was tested using both óload flow initialisationô option (i.e., running a healthy load-þow 

before short-circuit inception) and applying voltage correction factor equals to ó1.1'. 

Therefore, this report provides an overview of the simulation analysis that evaluate the coordination 

of the OC and EF protection scheme implemented to Drynoch network. The report also determines 

the suitability as well as the requirements needed to maintain a sufficiently protected system when 

operating in different modes. The assessment comprises different fault types (symmetrical and 

asymmetrical) at agreed locations for both grid-connected and islanded operations. 

The key outcomes of the protection coordination studies are summarised as follows: 

Á In general, high voltage (HV) Pole-Mounted Circuit Breakers (PMCB) coordination during grid-

connected studies is adequate. There is sufficient discrimination between the HV PMCB 

protection devices (200ms plus). However, improvements could be made to better 

coordination between the last PMCB of the feeders and the downstream HV fuses. In most 

instances, with the present settings, HV fuses are essentially redundant items as the PMCB 

directly upstream (i.e., the last PMCB on each feeder) has instantaneous overcurrent 

characteristics without any time delay. For example, a delay of 100ms to 150ms is 

recommended for the PMCBs located at Morags (Feeder 11).   

Á It is recommended that the size of the 25A Eaton fuse connected downstream of the Pool 

Roag is resized (downstream of Pool Roag PMCB), at present it is oversized. Also, as 

mentioned above, it is recommended to add an instantaneous delay on Pool Roag PMCB to 

make these two devices coordinated.  

Á For Grid and BESS connected (Test Case 2), the addition of the battery produced no major 

effects from an overall protection coordination standpoint. The coordination remained similar 

to the grid-connected case (Test Case 1). 

Á For BESS-only (islanded operation), the PMCBs of the Drynoch Feeder 12 and Feeder 11A 

(Drynoch ï Morags) provide adequate protection coordination (around 600ms discrimination). 

Similar to the grid-connected mode, HV fuses (protecting secondary substations) are 

redundant items as the last PMCBs on each feeder implement instantaneous overcurrent 

without time delay. 
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Á The Drynoch Feeder 11B (Drynoch ï Sconser Quarry) is protected by only one PMCB and is 

located close to the beginning of the feeder (covering almost 14km). Because of such location 

of the PMCB and with existing settings, protection against 3-phase and phase-to-phase 

overcurrent faults applied at the end of the feeder (i.e., on the HV side of the Sconser Quarry 

transformer) may not be delivered within optimal operation times (i.e. <3s). Under BESS-only 

operation, the PMCB required 3.195s to clear a solid 3-phase fault and 4.329s to clear a solid 

2-phase fault applied on the HV side of the Sconser Quarry substation (using Complete 

method with c factor = 1.1). When the Complete method with initial load flow approach was 

applied, the protection clearance times were found to be 5.866s for the 3-phase fault and 

11.3323s for the phase-to-phase fault.  

Á In some cases, fuse modification would also be beneficial to realise óproperô coordination. This 

included for example the resizing of the 25A fuse connected downstream of Pool Roag PMCB, 

at present it is oversized. Also, as mentioned above, it is recommended to add an 

instantaneous delay on Pool Roag PMCB to make these two devices coordinated. 

Á For BESS only and under earth fault conditions (applied at the HV of the Sconser Quarry 

transformer), the Glendrynoch PMCB protection relay cleared the earth faults very fast (within 

0.6s). However, this will disconnect all the customers between Glendrynich and Sconser 

Quarry. From the protection selectivity perspective, such performance is considered 

insufficient.  

Á To enable the Drynoch customers to maximise the benefits from the RaaS scheme, it is 

recommended to add one or two new PMCBs on the Glendrynoch-Sconser Quarry feeder. 

This will provide faster fault detection and more selective protection by which the number of 

the customers disconnected due to downstream remote faults on the feeder is limited, and 

Customer Interruptions (CI) and Customer Minutes Lost (CML) are further improved. 

Á For faults on the LV side, protection against overcurrent and earth faults can be met within 

acceptable and standard protection operating times. 

In general, the protection scheme of the Drynoch as it stands is fit for fault detection and clearance 

purpose except for the protection of the Feeder 11B (Glendrynoch-Sconser Quarry feeder) which 

takes relatively longer times for protecting against overcurrent faults. 
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1 PROJECT OVERVIEW 

The Resilience as a Service (RaaS) innovation project led by Scottish and Southern Electricity 

Networks (SSEN) seeks to enhance network resilience and security of supply in remote areas through 

services procured from a third party owned Battery Energy Storage System (BESS). This scheme 

would re-establish the supply in the event of an outage and allow local renewable energy assets to 

continue exporting power until the Distribution Network Operator (DNO) can restore the system to 

conventional operation. By developing this innovative energy solution, which combines energy 

storage, local renewables, smart grid controls, flexibility services and new commercial models, RaaS 

will improve the security of supply for customers by reducing network outages. 

1.1 BACKGROUND 

The RaaS project will evaluate the technical feasibility and financial viability of the RaaS concept. This 

includes detailed evaluation of the technical aspects of the scheme to understand the potential 

interactions with existing network assets, and to determine the suitability of using a BESS to provide 

black start capability, enable stable islanding operation in the event of grid disconnection, and perform 

smooth transition to normal operation when the grid supply is restored. 

The RaaS project will demonstrate the integration of a BESS and associated Energy Management 

system (EMS) at a site on SSENôs Scottish Hydro Electric Power Distribution (SHEPD) 11kV rural 

network, with Drynoch primary substation selected as the potential trial site Error! Reference source 

not found.. 

WSP have been appointed to deliver three of SSENôs technical work packages, as follows:  

SSEN Work Package 1 (SWP1) ï To undertake detailed modelling and technical feasibility studies 

and determine the general technical requirements associated with implementation of the RaaS 

concept. 

SSEN Work Package 2 (SWP2) ï To conduct modelling and simulation studies to evaluate potential 

inrush currents and transients which could be experienced during the RaaS black start sequences, 

and determine the technical feasibility of RaaS black start functionality 

SSEN Work Package 4 (SWP4) ï To investigate the impact of RaaS scheme implementation on the 

performance of the distribution network protection and control schemes performance and provide 

recommendations on the schemesô settings and design.  

1.2 SCOPE OF THE REPORT 

This report presents the modelling work undertaken and results regarding the suitability of protection 

settings and consequences of implementing the BESS into the network, as well as operating the 

distribution system under islanded conditions with the BESS or BESS & DG. This includes information 

on the development of the modelling approach, equipment data used, assumptions made, modelling 

refinement and development activities, results of the simulation studies, and key findings and technical 

recommendations. This work has used the PowerFactory model of the Drynoch distribution test case 

network which was developed during SWP1 and SWP2. The distribution model has been amended 
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by incorporating Over-Current (OC) and Earth Fault (EF) relays along with their associated current 

transformers. The amended model has then been employed to run various fault simulation studies to 

effectively assess the coordination of relays and determine their merit. These simulations include 

multiple agreed operational scenarios: Grid-connected (Grid, Grid with BESS, Grid with BESS & DG), 

islanded operation (BESS, and BESS & DG) and assessment of black start sequences (BESS, and 

BESS & DG).  

1.3 REPORT STRUCTURE 

The report structure is as follows:  

Á Overview of sites selected for assessment (Section 2); 

Á Summary of the test network for Drynoch (Section 3);  

Á Process of the model development and validation for Drynoch (Section 4);  

Á Test cases to assess protection coordination and undertake adequately discriminate the new 

BESS protection to ensure proper functionality (Section 5); 

Á Concluding results and recommendations (Section 6). 
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2 OVERVIEW OF THE SITES SELECTED FOR ASSESSMENT 

Several potential trial sites were shortlisted by SSEN and EON as shown in Figure 2-1 and detailed 

in [2]. Three of the selected sites, Drynoch, Kinloch and Mallaig, have been selected for modelling 

assessment. The distribution network of Drynoch is selected for potential demonstration of a RaaS, 

while feasibility studies will be performed for Kinloch and Mallaig. Each selected site has certain 

attributes and features relevant to the potential benefits of RaaS and delivery within the project 

timeframes and budget as follows: 

Á Drynoch provides good levels of distributed generation (DG) approximately 0.7MVA, and the 

IIS figure (Cis/CMLs) shows that customers would benefit from a RaaS scheme. In addition, 

within the substation compound exist sufficient space for installing the BESS unit (this will not 

be the case for BAU application of RaaS but supports project delivery and ongoing appraisal 

of the trial scheme). 

Á Kinloch has high ISS figures and relatively long overhead lines. 

Á Mallaig has high ISS figures, high number of faults, and good level of DG (0.8MVA). 

 

Figure 2-1 ï Selected site locations in relation to Glasgow (marked in red) 1) Drynoch,           

2) Kinloch, 3) Kishorn Hill, 4) Lochinver, 5) Mallaig 
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3 TEST NETWORK AND METHODOLOGY  

3.1 TEST NETWORK DESCRIPTION  

The Test Network used for the studies represents the SSEN Drynoch distribution network. 

Downstream of the Drynoch 33/11kV primary substation there are two main 11kV radial distribution 

feeders with multiple secondary transformers to step down the voltage to 0.4kV (three-phase) and 

0.46kV (two-phase), to which loads are connected. The network hosts three DG units (two existing 

wind turbines with 0.63 MVA generation capacity and a small hydro with 0.1MW generation capacity) 

which are connected to the radial network between Drynoch and Dunvegan. The proposed BESS will 

be connected to the 11kV busbar of the Drynoch primary substation. A simplified schematic layout of 

the Drynoch network is illustrated in Figure 3-1.   

 

Figure 3-1 ï Simplified schematic layout of SSEN Drynoch site  

3.2 TEST CASES SUMMARY 

In consultation with SSEN, a set of test cases has been developed and employed to study the 

protection coordination of the Drynoch test network. A high-level list of all test cases for the RaaS 

project has been provided in D1.2 and further detail was provided in the documentation accompanying 

the D1.2 submission i.e. 70078595-005 [5].  The specific test cases considered for D4.2 are stated in 

Section 5, which are aimed at determining the following: 

Á Suitability of the existing overcurrent protection settings in effectively protecting the Drynoch 

test network during balanced faults for all modes of operation: grid-connected, islanded and 

during black start sequences.  

Á Suitability of the existing earth fault protection settings in effectively protecting the Drynoch test 

network during unbalanced faults for all modes of operation: grid-connected, islanded and 

during black start sequences.  
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3.2.1 OVERCURRENT AND EARTH FAULT GRADING NORMAL  OPERATION 

Normal operation entails studies where Drynoch network is connected to the main grid. The first set 

of simulations will be performed with only the grid supplying downstream load to provide the existing 

relay coordination and providing a baseline on which to assess the influence of incorporating the 

BESS, and the BESS along with DG contributions. The studies will include three-phase (3ph), phase-

to-phase (2ph), two-phase-to-ground (2phg) and single-phase-to-ground (1phg) fault types ï solid 

faults ï to assess the merit of the existing protection grading for overcurrent and earth fault relays. 

The assessment will consider BESS fault contributions of 6MVA. Recommendations are provided 

based on the findings.  

3.2.2 OVERCURRENT AND EARTH FAULT  GRADING ISLANDED OPERATION  

Islanded operation entails studies where Drynoch network is disconnected from the grid and the power 

requirements of Drynoch distribution system are met either solely by the BESS or the BESS and DG.       

The studies will include 3ph, 2ph, 2phg and 1phg ground fault types ï solid faults ï to assess the merit 

of the existing protection grading for overcurrent and earth fault relays. The assessment will consider 

BESS fault contributions of 6MVA.  Recommendations are provided based on the findings.   

3.2.3 OVERCURRENT AND EARTH FAULT GRADING BLACK START SEQUENCE  

These studies have been omitted as the worst-case scenario will occur once the entire feeder has 

been energised and a fault is applied at points which are electrically furthest from the BESS and DG 

(i.e. at the end of the feeders). These studies will be covered by the islanded operation assessment, 

stipulated in section 3.2.2 and detailed in Section 5.  

3.3 ASSUMPTIONS AND SOURCE OF DATA 

3.3.1 MODEL DATA  

Most of the data implemented into the DIgSILENT PowerFactory Test Network model has been 

provided by SSEN. Open-source typical data has also been used for any missing parameters from 

SSENôs SINCAL model; the details of which are provided in the D1.2 report Error! Reference source 

not found.. 

The Drynoch 33/11kV transformer was added to the network model to include the 11kV transformer 

protection in the assessment. The parameters of the transformer and the protection were taken from 

[6]. The 33kV Skò and Ip contributions were tuned to ensure the 11kV fault infeed remained consistent 

with the 11kV fault data provided formerly by SSEN via the SINCAL model. The transformer data 

employed and the 33kV resultant settings are shown in Table 3-1 and Table 3-2, respectively. A 

modification to the transformer type was also applied to allow unbalanced currents to follow through 

the transformer from the 33kV to the 11kV i.e. the Yyn0 type was modified to YNyn0 so that the 11kV 

single phase fault currents Skò and Ip could be aligned with previous modelling approaches. This is 

solely to allow the model to assimilate the existing fault levels and will not impact the simulation results. 
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Table 3-1 ï Drynoch transformer data 

Name Voltage 
(kV) 

Winding 
Vector 

Rating 
(MVA) 

Impedance 
(%) 

Drynoch 
Trans No.1 

33/11 Yyn0 2.5 7.57 

 

Table 3-2 ï 33kV fault level parameters 

Fault level Skò 
(MVA) 

R/X R0/X0  

Max 55.20 0.905 1.950 

Min 45.20 0.950 1.573 

Protection relay data has been added to the Drynoch test network, all of which has been provided by 

SSEN. The settings for each device were taken from the corresponding documents (stipulated 

subsequently). A detailed summary of all the settings is provided in óAppendix A: Protection Settingsô. 

Drynoch Substation: 

Á Overcurrent and earth fault relay settings for Drynoch 33/11kV transformer, and Feeder 11 

and Feeder 12 incomer relay settings [6].  

Feeder 11: 

Á Overcurrent and earth fault relay settings for Carbost [7] 

Á Overcurrent and earth fault relay settings for Glendrynoch [8] 

Á Overcurrent and earth fault relay settings for Morags [9] 

Á Overcurrent and earth fault relay settings for Nordan [10] 

Feeder 12: 

Á Overcurrent and earth fault relay settings for Ben Vatten [10] 

Á Overcurrent and earth fault relay settings for Cullin View [11]  

Á Overcurrent and earth fault relay settings for Feorling [12] 

Á Overcurrent and earth fault relay settings for Gearymore [13] 

Á Overcurrent and earth fault relay settings for Pool Roag [14] 

Where specified, CT data was applied in line with the referenced documentation. Where omitted, CT 

ratio assumptions agreed with SSEN were implemented (cf. Sub-section 3.3.2 for assumptions).  
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3.3.2 MODEL ASSUMPTIONS 

The following assumptions have been considered during the model development and simulation 

studies: 

Á Where CT data was omitted on 11kV relay data sheets, a ratio of 200A/5A was assumed.  

Á Generic relays were used in all instances as either the type and/or the manufacture of the relay 

was not available within the PowerFactory relay database. However, the actual setting and 

characteristics were implemented to provide a representative protection replication.  

Á IEC 60909 fault calculations standard [15] was used for the grid-connected studies. The BESS 

contributions were set to 6MVA. The DGs were modelled as equivalent synchronous machines 

in line with their ratings. 

Á The complete short-circuit method was used during the islanded operation studies as IEC 

60909 is not suitable. The maximum current from the converter and the instantaneous current 

contributions were tuned depending on the BESS contributions which were being investigated 

(i.e. 6MVA). 
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4 DEVELOPMENT OF PROTECTION RELAY MODELS 

This section presents the process of developing suitable PowerFactory relay models for studying 

protection coordination to determine issues which may be experienced within the SSEN Drynoch test 

network. The following main activities were undertaken in this procedure. 

4.1 TEST NETWORK MODEL REFINEMENT 

The Drynoch network model developed in D1.2 was used as the baseline for the protection work 

assessment. Overcurrent and earth fault protection relays were added to the model at the circuit 

breaker (CB) locations depicted in Figure 5-1, along with associated CTôs. Additionally, fuses were 

implemented at the locations provided by SSEN. Eaton 25A fuse type was applied for the fuse 

downstream of the Pool Roag PMCB. In all other locations, generic models were used from the 

PowerFactory database, in line with the ampages provided by SSEN. 

In addition to the relays, the Drynoch 33/11kV transformer was added to the network to include the 

11kV transformer protection within the assessment. As aforementioned in sub-section 3.3.1, the 

transformer parameters were taken from [6]. The 33kV Skò and Ip contributions were tuned to ensure 

the 11kV fault infeed remained consistent with the 11kV fault data formerly provided by SSEN.  

4.2 PROTECTION SCHEME MODELLING 

By in large, generic relays and fuses were used to model protection devices with specific data provided 

by SSEN integrated. For specific data employed refer to Appendix A.   

4.3 ASSESSMENT OF EARTHING REQUIREMENT 

During normal operation, the earthing point which provides a reference for the Drynoch distribution 

network as well as a low impedance path for earth faults is located at the LV side of the transformer 

at Drynoch substation.  

During islanded operation, this earthing point is disconnected. For safety and operational 

requirements, a new connection will be mandatory to provide both the reference and the path to earth 

for earth faults. This will be facilitated by an earthing point at the 11kV side of the BESS which will be 

interlocked to ensure the system always remains earthed.  

For modelling purposes, the BESS transformer HV winding earth connection was used to provide an 

earthing point to the system, but from an operational point of view SSEN may wish to provide their 

own dedicated earth connection (e.g. via earthing transformer).    
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5 PROTECTION COORDINATION STUDIES  

The operational scenarios and fault types performed as part of the assessment are summarised in 

Table 5-1. The locations where faults are applied are illustrated in Figure 5-1. The fault locations can 

be summarised as the closest node downstream of each protection device, for all devices on the 11kV 

feedersô critical paths. For each case, solid faults have been investigated under the conditions 

highlighted in Table 5-1. For occasions where the battery is in service, fault contributions of 6MVA 

have been investigated. The timings of protection operating can be found in óAppendix B: Resultsô. A 

general deliberation on the results is provided in the relevant test case sub-sections. Because of the 

number of scenarios that have been investigated, the focus has been given to areas where 

improvements could be made, or issues have been identified as well as the existing protection 

coordination to provide a baseline for analysis. In these cases, to demonstrate the issues observed, 

examples will be provided to portray complications. 

For grid-connected simulations, IEC 60909 2016 was employed. For studies under islanded operation 

(BESS-only) Complete method was used as IEC 60909 2016 is not suitable for this approach. IEC 

60909 [15] is the standard approach taken to determine the suitability of primary and secondary 

equipment in design. However, it does not cover islanded operation simulations. It works by applying 

a voltage correction factor, from which the fault current is determined based on the impedance at the 

point of fault. However, some utilities (mainly UK based) see it as overly pessimistic and thus employ 

G74-2 (also known as the Complete method). The Complete method firstly performs a load flow 

calculation to determine the voltages prior to the fault and then performs the fault scenario to establish 

the fault level and contributions from associated sources.  

G74-2/ the Complete method will provide a better representation of what will be the fault conditions 

and thus give improved feedback to manufacturers for the minimum needs of the BESS. 
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Table 5-1 ï Protection Test Cases 

Network 
Operation 

Test 
Case 

Network 
Fault Type Location 

Primary CB BESS CB DG CB 

Grid-
connected 

TC1 CLOSE OPEN OPEN 3ph, 2ph, 2phg & 1phg 

See Figure 
5-1 

TC2 CLOSE CLOSE OPEN 3ph, 2ph, 2phg & 1phg 

TC3 CLOSE CLOSE CLOSE 3ph, 2ph, 2phg & 1phg 

Islanded 
Network 

TC4 OPEN CLOSE OPEN  3ph, 2ph, 2phg & 1phg 

TC5 OPEN CLOSE CLOSE 3ph, 2ph, 2phg & 1phg 

Black-out 
TC6 OPEN OPEN CLOSE 3ph, 2ph, 2phg & 1phg 

TC7 OPEN CLOSE CLOSE 3ph, 2ph, 2phg & 1phg 

 

 

Figure 5-1 ï Fault locations diagram 
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5.1 TEST CASE 1 ï GRID-CONNECTED 

The following subsection provides the existing state of the network to show the issues that are pre-

existing and where improvements could be made. 

5.1.1 FEEDER 11 

For 3-phase faults, in all instances, there is a discrimination between PMCBôs greater than 200ms. 

For F4-11 as illustrated in Figure 5-2, the upstream PMCBs (i.e. Glendrynoch) will operate before the 

80A HV fuse of the Sconser Quarry substation. Figure 5-3 results show that when the same fault was 

applied on the LV side of the Sconser Quarry transformer, the LV fuse (400A) cleared the fault quickly 

and the Glendrynoch PMCB acted as a pack-up protection.    

Also, for F9-11, the 10A HV fuse will not operate due to the instantaneous time setting of Moragôs (see 

Figure 5-4). 

 

Figure 5-2 ï TC1 3ph at F4-11 (Maximum Short-Circuit Current)1 

 

 
1 Note: R-011 is the main Feeder 11 PMCB relay 
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Figure 5-3 ï TC1 3ph at F5-11 (Maximum Short-Circuit Current) 

 

Figure 5-4 ï TC1 3ph at F9-11 (Maximum Short-Circuit Current) 
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For 2-phase faults, similar findings are found to that of 3ph faults. There is discrimination between 

PMCBôs greater than 200ms. For F4-11 the upstream PMCB will operate prior to the 80A HV fuse, 

and for F5-11 fault location, the LV fuse will clear the fault first. The protection performance of these 

two fault locations are presented in Figure 5-5 and Figure 5-6.  

Also, for F9-11, the 10A HV fuse will not operate due to the instantaneous time setting of Morags 

PMCB (see Figure 5-7), and the fault at F10-11 (i.e. LV side of the Fiscavaig D secondary substation) 

will be cleared by the associated 10A LV fuse as explained in Figure 5-8. 

 

Figure 5-5 ï TC1 2ph at F4-11 (Maximum Short-Circuit Current) 
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Figure 5-6 ï TC1 2ph at F5-11 (Maximum Short-Circuit Current) 

 

Figure 5-7 ï TC1 2ph at F9-11 (Maximum Short-Circuit Current) 
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Figure 5-8 ï TC1 2ph at F10-11 (Maximum Short-Circuit Current  

For 2-phases to ground (2phg) faults, both earth fault currents and overcurrent PMCB characteristics 

are suitable for the currents observed. However, F4-11 (HV) and F9-11 (HV) still show the same 

issues with HV fuse coordination (see Figure 5-9 and Figure 5-11).  
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Figure 5-9 ï TC1 2phg at F4-11 (Maximum Short-Circuit Current) 

 

Figure 5-10 ï TC1 2phg at F5-11 (Maximum Short-Circuit Current) 
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Figure 5-11 ï TC1 2phg at F9-11 (Maximum Short-Circuit Current) 

 

Figure 5-12 ï TC1 2phg at F10-11 (Maximum Short-Circuit Current) 
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For single phases to ground (1phg) faults, F4-11 upstream PMCBôs will operate prior to the HV fuse 

(see Figure 5-13Error! Reference source not found.). For F5-11 the LV fuse provides adequate 

main protection and the Glendrynock EF PMCB will provide adequate back up protection and will 

operate in 0.6s (see Figure 5-14). As for F9-11, the HV fuse will not operate prior to Morags PMCB 

due to its instantaneous setting. Likewise, for F6-11, from an earth fault protection standpoint, there 

is little discrimination between Nordan and the 11kV feeder PMCB, however, the overcurrent 

protection of both devices will operate beforehand and give sufficient coordination (250ms between 

PMCB operation times).  

 

Figure 5-13 ï TC1 1phg at F4-11 (Maximum Short-Circuit Current) 
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Figure 5-14 ï TC1 1phg at F5-11 (Maximum Short-Circuit Current) 

In summary, there appears to be sizing issues of fuses at the end of the feeders and/or the 

coordination with the PMCBôs directly upstream i.e., Morags. It is advised that a delay needs to be 

added to Morags (e.g., between 100ms to 150ms). 

5.1.2 FEEDER 12 

For feeder 12, no PMCB issues observed for any fault type and discrimination by in large was 

sufficient. One point to note is the coordination of the Pool Roag PMCB and the downstream 25A 

fuse. As the Pool Roag PMCBsô instantaneous time setting is 0, the fuse becomes redundant as the 

PMCB will operate prior to the fuse melting. It is not possible to improve the coordination between 

these devices using a time delay. Figure 5-16 below shows that even with implementation of 600ms 

time delay to the instantaneous function of the Pool Roag PMCB (SI time setting also changed from 

0,05 to 0.1) and delayed the Gearymore PMCB with additional 300ms, the protection coordination can 

be met,  Therefore, change in the fuse characteristic (lower size) is needed, combined with a delay 

on the Pool Roag PMCB. 
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Figure 5-15 ï Protection characteristics Gearymore PMCB-Pool Roag PMCB ï HV 10A 

 

5.2 TEST CASE 2 ï GRID-CONNECTED WITH BESS 

For both feeders, the addition of the battery produced no major effects from an overall protection 

coordination standpoint; the coordination remained similar to that of Test Case 1. All the other issues 

relating to fuses remained (e.g. for feeder 11, the 11kV 80A fuse upstream from F4-11 was not 

sufficient as a primary or a backup protection device and the HV fuse downstream of Morgas would 

not operate due to the instantaneous time setting of the PMCB at Morgan). For feeder 12, the 25A 

fuse upstream from Pool Roag was not sufficient to be primary protection due to zero-time delay 

setting of the Pool Roag PMCB. 

5.3 TEST CASE 3 ï GRID-CONNECTED WITH BESS & DG 

5.3.1 FEEDER 11 

3ph fault results in all cases are acceptable apart from the fuse issues aforementioned. One point to 

note is that for F7-11 primary (Carbost PMCB) and secondary (Nordan) protection discrimination times 

are 89ms apart as illustrated in Figure 5-16.  
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Figure 5-16 ï TC3 OC 3ph at F7-11 (IEC 60909 Max) ï BESS & DG 

For 2ph faults, no issues are seen apart from for F4-11 and close tripping for F7-11. For F4-11, the 

HV fuse is not the primary protection which means Glendrynoch PMCB is performing this role. For 

F7-11 primary (Carbost PMCB) and secondary (Nordan) protection have 100ms discrimination (Figure 

5-17). 

 

Figure 5-17 ï TC3 OC 2ph at F7-11 (IEC 60909 Max) ï BESS 
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For 2phg fault and as presented in Figure 5-18Error! Reference source not found., close timings 

were observed for F3-11 (100ms). However, this is bypassed by the overcurrent protection which 

operates faster (see Figure 5-19). 

 

Figure 5-18 ï TC3 EF 2phg at F3-11 (IEC 60909 Max) ï BESS  

 

Figure 5-19 ï TC3 OC 2phg at F3-11 (IEC 60909 Max) ï BESS  
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For a 1phg fault at F6-11 (Nordan), the earth fault protection is not coordinated effectively and the 

11kV feeder protection would operate first (0.597s) and Nordan (0.6s) if this was the only form of 

protection (see Figure 5-20Error! Reference source not found.). However, similar to the 

aforementioned cases the overcurrent protection as shown in Figure 5-21 operates faster and thus 

will mitigate this issue. 

 

 Figure 5-20 ï TC3 EF 1phg at F6-11 (IEC 60909 Max) ï BESS 

 



               
 
 

RaaS Protection Coordination Studies ï Drynoch Distribution Network  WSP  
Project No. 70078595-009    November 2021 
SSEN Page 37 of 107 

Figure 5-21 ï TC3 OC 1phg at F6-11 (IEC 60909 Max) ï BESS 

 

5.3.2 FEEDER 12 

There are no notable discussion points for 3ph faults or 2ph faults. For 2phg, the earth fault protection 

has little discrimination for one case which is F3-12 (Cullen View). However, the overcurrent protection 

is faster and thus will clear the fault before the earth fault relay acts. See the comparison between 

Error! Reference source not found. Figure 5-22 and Figure 5-23. 

 

Figure 5-22 ï TC3 EF 2phg at F3-12 (IEC 60909 Max) ï BESS  
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Figure 5-23 ï TC3 OC 2phg at F3-12 (IEC 60909 Max) ï BESS 

 

5.4 TEST CASE 4 ï ISLANDED NETWORK (BESS ONLY) 

The developed BESS model performance has been validated in EMT studies against results provided 

by two different manufacturers. This included the BESS performance against close and remote 

unbalanced faults. The EMT results (fault contributions) were used for developing an equivalent RMS 

BESS model which was used for the protection coordination studies. 

For Case 4 (BESS-only) the standard Complete method was used for short-circuit calculations. Two 

examples of the Complete method were considered: applying a voltage correction (c) factor equals to 

ó1.1'; and running initial load-þow before short-circuit inception. The results of the Complete method 

with 1.1 c factor is more extreme (provides higher currents in many cases), and the results of the 

Complete method with initial load flow is more representative and found to provide lower currents. 

During this study, the tap-changer position of the BESS transformer was locked to ó0ô. 

5.4.1 FEEDER 11 

The protection studies within this subsection included faults applied close to the main primary 

substation (e.g. 11kV main bus) and faults applied downstream and at remote locations. 

Two locations F2-11 and F6-11 (see Figure 5-1) were considered for faults applied close to the main 

primary substation. F2-11 fault applied directly after the location of the main feeder relay. The results 

of the Feeder 11 relay performance against solid 3-phase and phase-to-phase (2ph) faults are given 

in Figure 5-24 to Figure 5-27. The relay required up to 2.042s to clear the 2ph fault. For F6-11 the 

fault was applied directly after the Nordan substation relay. Unlike F2-11, the 3ph and 2ph faults 
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applied at F6-11 were cleared within less than 1s by the Nordan PMCB due to its lower settings in 

comparison to main feeder protection. The responses of the Feeder 11 protection against the F6-11 

faults are given in Figure 5-28 to Figure 5-31.   

 

Figure 5-24 ï TC4 3ph at F2-11 (Complete method, c factor = 1.1) 

 

Figure 5-25 ï TC4 3ph at F2-11 (Complete method, initial load flow) 
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Figure 5-26 ï TC4 2ph at F2-11 (Complete method, c factor = 1.1) 

 

Figure 5-27 ï TC4 2ph at F2-11 (Complete method, initial load flow) 
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Figure 5-28 ï TC4 3ph at F6-11 (Complete method, c factor = 1.1) 

 

Figure 5-29 ï TC4 3ph at F6-11 (Complete method, initial load flow) 
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Figure 5-30 ï TC4 2ph at F6-11 (Complete method, c factor = 1.1) 

 

Figure 5-31 ï TC4 2ph at F6-11 (Complete method, initial load flow) 
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For downstream remote faults, locations F4-11 and F9-11 were selected for HV remote faults and 

locations F5-11 and F10-11 for LV remote faults.   

In this case, the last PMCBs operated before the downstream HV fuses (the fuses become redundant) 

for F4-11 and F9-11 faults. The Morgas PMCB operated before the HV 10A and cleared the faults 

applied at F9-11 very quickly. In contrast, the remote HV faults applied at F4-11 (Sconser Quarry) 

were cleared by the Glendrynoch PMCB within a relatively long time.  

The earth faults (i.e. 2phg and 1phg) applied at downstream HV remote locations such as F4-11 and 

F9-11, will be cleared by the last PMCB.  

See Figure 5-32 to Figure 5-47 for the PMCB relays and HV fuses protection against F4-11 and F9-

11 faults. 

 

Figure 5-32 ï TC4 3ph at F4-11 (Complete method, c factor = 1.1) 
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Figure 5-33 ï TC4 3ph at F4-11 (Complete method, initial load flow) 

 

Figure 5-34 ï TC4 2ph at F4-11 (Complete method, c factor = 1.1) 
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Figure 5-35 ï TC4 2ph at F4-11 (Complete method, initial load flow) 

 

Figure 5-36 ï TC4 2phg at F4-11 (Complete method, c factor = 1.1) 
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Figure 5-37 ï TC4 2phg at F4-11 (Complete method, initial load flow) 

 

Figure 5-38 ï TC4 1phg at F4-11 (Complete method, c factor = 1.1) 
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Figure 5-39 ï TC4 1phg at F4-11 (Complete method, initial load flow) 

 

Figure 5-40 ï TC4 3ph at F9-11 (Complete method, c factor = 1.1) 
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Figure 5-41 ï TC4 3ph at F9-11 (Complete method, initial load flow) 

 

Figure 5-42 ï TC4 2ph at F9-11 (Complete method, c factor = 1.1) 

 
























































































































