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1 Introduction 

 Background 

The MERLIN project is working towards improving our understanding on how Distribution Network 

Operators (DNOs) or Distribution System Operators (DSOs) can effectively manage flexible services 

(for their own use or as neutral facilitators) such as those provided by generators, energy storage units 

and demand side response.  The goal is to improve our understanding on the economic impact these 

flexible services could have in a number of possible future world scenarios.  MERLIN is also exploring 

the impacts of managing constraints through traditional reinforcement and alternative DNO control 

methods, which can be used to evaluate the cost-effectiveness of flexible services.  Modelling allows 

us to understand possible positive and negative financial impacts of flexible services in a safe and risk-

free environment, with relevant learning passed to SSEN sister innovation projects TRANSITION and 

Project LEO.  This can help us make better and more informed decisions to reduce customer costs and 

support the drive to net zero. 

 Aim 

This report provides an overview of the processes used to perform network modelling within the 

GridOS Integrated Distribution Planning (IDP) tool. It evaluates worst case modelling studies against 

realistic case modelling studies (i.e. the modelling that was performed in Milestone 6). The report 

provides an overview of the modelling results and gives insight into the implications of these results 

based on cost benefit analyses (CBA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://project-merlin.co.uk/library/milestone-6/
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2 Grid OS IDP Modelling 

 Network Models Software Platforms 

The methodology used for completing the modelling of the Fort William (FW) region previously 

developed in the GridOS IDP tool is mainly deployed on three software packages. In particular, 

Microsoft Excel, Python and the Grid OS platform. Error! Reference source not found. provides the 

different platforms used for the deployment of the FW model.  

➢ Microsoft Excel is used for displaying, managing, organising and storing the data. Namely, 

Excel is responsible for the complete stream of input and output data used and produced by 

the FW methodology to finalise the network models and perform the power systems 

evaluation. The excel outputs are used to verify that the outputs from Grid OS IDP are accurate 

i.e. Power flow outputs are as expected and estimated costs are as expected. This is an 

essential step to ensure that Grid OS IDP is producing accurate outputs. 

 

➢ Python is used to read, process, calculate and manage the input data from Excel to conduct 

the power systems studies for the FW region. Also, Python is used for an extra two main 

processes. The first one is an intermediary tool that helps to communicate between Excel and 

GridOS IDP tool. In the second process, Python provides a set of commands to GridOS IDP to 

directly modify the network model and parameters.   

 

➢ The GridOS IDP tool is utilised to perform the power systems analysis. It mainly assesses the 

network violations (i.e. thermal and voltage constraints) caused within the network due to the 

implementation of the load and generation forecasts throughout the ten-year period. Once 

the analysis is finished, the GridOS IDP returns to Excel to produce the required output data.    

 

 
Figure 2-1: Software packages modules used for the FW region model 
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 Worst-Case Network Modelling Methodology 

Worst-case analysis studies are performed by DNO system planners to model the impact of peak 

demand when generation is turned off over a period of time, in this case it was a 10 year period. The 

purpose of these studies is to see if any network constraints occur during extreme events or ‘worst-

case’ event. This type of modelling is what system planners perform in order to understand if network 

reinforcements are necessary. Particularly, the study aims to anticipate the required actions to 

entirely remove potential network constraints that occur under this scenario that could compromise 

circuit loading and voltage drops within the grid.  

Generally, the worst-case assessment requires forecasted peak demand data to occur in half hour or 

one hour periods. In this case, an hourly load evaluation is carried out to compare the findings 

obtained for the realistic case analysis (M6 report). Within this context, for the 11 kV calculations, the 

generation at 11 kV (i.e. PV and hydro) is completely removed, and annual hourly load forecasts are 

used. Thus, the generation purely comes from the FW region at 33 kV (Figure 2-3). 

The GSP and BSP supply points were not included in the FW network model in order to reduce 

modelling time and concentrate on the areas of interest only. Therefore, apart from the FW 

substation, no additional sources of generation are present in the model, making the worst-case 

assessment impossible to perform at 33 kV voltage level. Consequently, the evaluation is performed 

at the 11kV level only.   

The flow chart of the methodology employed for conducting the power systems studies of the FW 

region is depicted in Figure 2-2Error! Reference source not found.. The methodology is divided into 

three main sections. The first section aims to illustrate the key input data required for completing the 

FW model. The second section includes the modelling calculation procedures needed for the power 

systems evaluation. The third section involves the set of output data produced to determine the grid 

performance regarding network violations when accommodating load forecasts.  The three sections 

are described below. 

 

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fproject-merlin.co.uk%2Fwp-content%2Fuploads%2F2021%2F08%2FM6-Fort-William-Modelling-Evaluation_Final.pdf&data=04%7C01%7Ccarlos.cruzat%40rina.org%7Cfdd490da2ba54340152208d97da8ba0e%7C76e3e3fffce045eca946bc44d69a9b7e%7C0%7C0%7C637678986488706326%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=qyyKIcTWCNXUlgpVPZ1OhWYS8H2q4rB%2BmKXkC5aAXd8%3D&reserved=0
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Figure 2-2: Methodology flow chart used for the FW region studies 

A) Input data   

The input data includes the information regarding the required demand. The data is utilised to conduct 

the power systems analysis to find the most suitable solution for removing the network constraints, 

using traditional reinforcements (i.e. new circuits, transformers, bigger cables, etc.) and flexible 

services such as storage systems, demand response and distributed energy resource among others.  

There is only one stream of input data, namely, the demand data. The input data differs from the 

realistic case analysis conducted in M6 (M6 report), where embedded generation is also included. Its 

description is as follows.  

1. Demand Data: A minimum set of data is required to perform the power systems analysis. 

Namely, heat pumps (HP) along with historical PI loading data, electric vehicles (EV) at a 

domestic and non-domestic level, and the representative loads from the 33kV equivalent 

network, i.e. a section of the 33kV network depicted in figure 2-3.  

Once the completed stream of input data is obtained, the demand forecast profiles are generated by 

capitalising on data from a second project led by Regen (this work was completed by Opus One 

Solutions).   

B) Modelling Calculation Procedures  

This involves the process of handling the demand forecast data to create the load schedules profiles. 

It is an essential process performed through Python scripting, required by the Grid OS tool to conduct 

the time series power flow (TSPF) in the FW region.  

The modelling calculation procedures is split into three main parts. Specifically, the first part involves 

the production of the load schedule profiles. The second part uses Python scripting to implement 

these profiles and modify the network model. The last part utilises the GridOS IDP tool to execute the 

TSPF and the power system analysis.  The three parts are described as follow. 
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https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fproject-merlin.co.uk%2Fwp-content%2Fuploads%2F2021%2F08%2FM6-Fort-William-Modelling-Evaluation_Final.pdf&data=04%7C01%7Ccarlos.cruzat%40rina.org%7Cfdd490da2ba54340152208d97da8ba0e%7C76e3e3fffce045eca946bc44d69a9b7e%7C0%7C0%7C637678986488706326%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=qyyKIcTWCNXUlgpVPZ1OhWYS8H2q4rB%2BmKXkC5aAXd8%3D&reserved=0
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1. Load Schedule Profiles: Three main methods are employed to determine the schedule profiles 

of the demand. Particularly, the number of customers, maximum demand, and historical PI data 

(Figure 2-2).  

 

➢ Number of Customers: Each feeder's total demand is spread to the individual nodes 

considering the number of customers connected. For example, a total feeder demand of 100 

kW containing four different nodes with 25 customers connected to each one will result in 

every node having a total demand or generation of 25 kW. The approach applies to PI + HP 

and domestic EV. 

 

➢ Maximum Demand: The total demand of each feeder is distributed as a proportion of the 

maximum demand among the nodes with maximum demand customers only. The method 

applies to non-domestic EVs only. For example, a total feeder demand regarding non-

domestic EVs of 15 kW containing two nodes defined as Node 1 and Node 2, with a maximum 

demand (MD) of 50 kW and 100 kW each, respectively, will result in a total MD of 150 KW for 

the feeder under consideration. From this value Node 1 represents 33% of MD, whereas Node 

2 the 67%. Thus, the allocation of the non-domestic EV load (i.e. 15 kW) will result in Node 1 

having a total demand of roughly 5 kW and Node 2 of 10 kW. 

 

➢ Historical PI Data: Based on historical data regarding the hydro generation and power flows 

along the overhead lines and transformers, a baseline case is created to derive a specific 

network section's demand and generation profiles. The aim is to reduce the network and build 

an equivalent network model to facilitate the power systems analysis. For this purpose, a 

terminal point (i.e. bus) is selected. The network elements connected downstream are 

represented as a single load or source of generation depending on the sign of the power flows. 

Thus, it is assumed that positive flows represent demand at the terminal point, whereas the 

negative flows correspond to generation. An example is shown in Figure 2-3. The method is 

employed for the representative load and generation schedule profiles at 33 kV.  

 

2. Implementation of Python Scripting: Python is mainly used as the intermediary tool to manage 

and process the input data from Microsoft Excel to the GridOS IDP tool. Also, it provides direct 

commands to GridOS for modifying the network model. Thus, Python is used for reading and 

processing the demand forecasts in Excel format coming from the input data. Then, based on 

the type of demand within the network model (i.e. EV, HP, etc.), it proceeds to build the load 

schedule profiles. To this end, the three methods discussed above are employed. 

Once the load profiles are completed, Python creates two potential forecast scenarios within 

the GridOS IDP tool to allocate these profiles. Particularly, Community Renewables (CR) and 

Consumer Evolution (CE) captured from the Regen report.  

Also, Python scripting is employed for conducting modification within the network model 

developed by the GridOS tool. For instance, the inclusion of the representative load and 

generation at 33 KV. Finally, Python is used for adjusting the rated power of the domestic and 

non-domestic EVs element from the network in the FW region.  

3. GridOS IDP Tool: It is an integrated distribution planning tool that uses a common information 

model (CIM) for creating network models to perform power systems analysis. To this end, 

GridOS needs load and generation forecasts for conducting timeseries power flow. Thus, the 
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set of data created by the Python scripting is used as input data by the IDP tool to proceed with 

the power system evaluation. Specifically, it intends to identify the network violations that 

occurred within the network model originated by the load and generation forecasts. After 

finding the constraint within the model, conventional reinforcements and flexible sources are 

modelled, simulated, and compared to determine a suitable solution for removing the grid 

violations. 

 

C) Output Data 

The simulation output is the final stage of the methodology illustrated in Figure 2-2. Thus, the set of 

output data describing the performance of the network model representing the FW region are 

produced. Particularly the network constraints, reinforcements, and flexible services under the worst-

case scenario analysis. The purpose of the analysis is to enhance the existing mechanisms and 

practices for addressing the network violation occurrences within the network and provide new 

insights on the contribution of these approaches to the grid's performance. 

 

 

 

 
Figure 2-3: Example of an Equivalent Model Representation from the FW region 
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 Quality Checking Network Models 

A quality control process is conducted to ensure the quality of the network models deployed by the 

FW region. The aim is to assess the accuracy of the data used for building the models. The followed 

procedure is depicted in Error! Reference source not found..  

The quality control process starts with the network topology checking step. The objective is to 

compare the Grid OS IDP model connectivity against the Power On single line diagram (SLD). The 

process also includes reviewing the conductors employed for producing the models and the 

completed network connectivity through the switch and circuit breaker elements.  

Subsequently, a set of network component variables are additionally reviewed. This step includes 

evaluating the lines, breakers/switches, transformers, shunt, and synchronous machine parameters. 

Error! Reference source not found. shows the completed set of variables assessed for each network 

element. Then, the load and generation schedule profiles previously created (further details Section 

2.2) are utilised for conducting a power flow study. The primary purpose is to determine the voltage 

and current convergence within the model. If not obtaining voltage/current convergency, a re-

evaluation of the network variables is carried out to find a potential inaccuracy in the network settings. 

Conversely, the network model is ready to use for power system studies.   

 

 
Figure 2-4: Quality control process for FW models 

 

 Evaluation of the Grid OS IDP Tool vs Commercial Tools for Worst Case Network 

Modelling 

GridOS IDP is an integrated distribution planning platform designed to support the advancement of 

the electricity grid. It is a versatile tool that allows comparing the analysis of the results to choose the 

most cost-effective solutions based on the grid’s future needs. It is a cloud-based platform, so no 

installation is required making it quite simple to operate. Also, it utilises CIM for its data schema, which 

facilitates the standard-based network modelling implementation. Overall, the GridOS is a handy and 

straightforward tool for performing power system studies.  

Nevertheless, the most common power engineering software currently used in the energy industry, 

IPSA, ETAP, DigSilent, ERACS, PSCAD, PSSE and SINCAL, among others, for modelling power systems 
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and conducting their studies have on average more than 30 years of continuous development. 

Conversely, GridOS IDP is a relatively new tool launched a few years ago only. Within this context, a 

fair comparison between the IDP tool and any other software is unrealistic from the development and 

applicability point of view. However, based on the experience gained from utilising this tool during the 

Merlin project, a list of three vital potential enhancements and recommendations is suggested. 

1. Allocation of load profiles: Currently, at the feeder level, the IDP platform supports the 

distribution of load schedules based on the connected capacity of each node derived from the 

primary substation transformer capacity only. An additional feature should be added to 

distribute the load schedules based on the number of customers connected (this is the method 

used by SSEN planners). At the moment, this can be done externally through a Python script 

only.  

 

2. Line Rating: The tool does not support multiple line rating implementations such as seasonal 

line rating (e.g. winter, summer, and spring ratings), so a manual modification of the line 

ampacity must be conducted. As a result, it limits the annual time-series power flow application.  

 

3. Power Flow Results: The acquisition of the results is limited. Average values are provided only. 

The lack of flexibility for obtaining the results limits the tool capability and, therefore, the power 

system analysis. Ideally, the tool should provide the power flow results at any resolution in time 

(e.g. hourly, per minutes, etc.) and per any desired network element (e.g. lines, bus, PV, etc.).  

 

Currently, the power flow results are created in a huge Excel file on an hourly resolution. The 

results involve all the electrical components from the model. The extraction and manipulation 

of the results from the Excel file for further analysis are very time consuming and significantly 

challenging. In particular, it needs enormous computational resources, which usually are not 

available. Conversely, conventional power engineering software, e.g. DigSilent or PSSE, can 

perform the same tasks in a matter of seconds regardless of the computer’s characteristics, 

making the results collection process the most significant disadvantage of the Grid OS IDP tool. 
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3 Model Results 

 Introduction  

This study aims to quantify and compare different intervention options to solve grid constraints in the 

Fort William region. We evaluate the economics of different options including traditional business as 

usual (BAU) solutions and the procurement of flexibility services.   

Similar to the previous study (SSEN, 2021), information about flexibility requirements in the two 

conductors1 that are part of this study (11 and 33 kV) was provided by SSEN for the period 2026-2035. 

These estimations take into account generation and load growth forecasts from SSEN’s Future Energy 

Scenarios (FES), specifically Community Renewables, which forecasts the quickest uptake of low 

carbon technologies.  

 Methodology for estimating flexibility requirements  

Power system analysis was conducted using the GridOS IDP tool for the period 2026-2035. This 

required inputs such as load and generation forecasts. Power flow analysis under critical conditions 

such as no generation and maximum load (worst case approach)2 was used; in contrast with the 

realistic approach that relates to more normal operation, further details of the worst case modelling 

are provided in Section 2.4.  

Thermal violations were identified in a set on lines (1-hour granularity), among them are the two lines 

that were evaluated in the previous CBA study (SSEN, 2021), 11 kV and 33 kV. Flexibility requirements 

were provided and adapted considering the conductor’s seasonal rating. The current and new 

seasonal ratings associated to both conductors are depicted in Figure 3-1.  

The next two sections discussed the flexibility requirements associated to the 11kV and 33 kV lines.  

Figure 3-1: Conductors’ rating (seasonal) 

 

 

 
1 The terms “conductors” and “lines” are used interchangeably in this Section.  
2 For simplicity we use the term “worst case approach” across this section when we refer to this kind of 
assessment for estimated violations and then the size of flexibility requirements in each conductor.  
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 Flexibility requirements in 11 kV line  

The trend of violations events for the 11 kV line is illustrated in Figure 3-2. The first violations start in 

October 2029 this time. The total potential flexibility requirement (i.e. we are talking about the worst-

case approach with higher levels of uncertainty) for the period 2029-2035 would be around 29,900 

MWh (=MVA*power factor*hours). This is represented by the area under the orange curve 

(exceedance) and above the blue line (conductor rating). The maximum violation occurs in October 

2035, with a load sized at 181.3% of the seasonal rated current [I].  

Figure 5-2: Flexibility requirement per timeframe, 11kV line (2029-2035) 

 

Table 3-1 provides additional detail of expected flexibility requirements per year. We observe that 

starting from 2032, flexibility would be needed every hour throughout the year (i.e. 8760 hours per 

year). The total amount of flexibility required increases significantly each year, starting at a low 

0.15MWh in 2029 and finishing at 9506.21 in 2035.   

Table 3-1: Flexibility requirement per year, 11kV line (2029-2035) 

 

 

 

year min (MVA) max (MVA) total (MWh) hours

average MW/h 

per year

2029 0.15 0.15 0.15 1 0.15

2030 0.00 0.52 28.20 174 0.16

2031 0.00 0.76 1767.71 7150 0.25

2032 0.17 0.96 4214.85 8760 0.48

2033 0.39 1.24 6303.67 8760 0.72

2034 0.58 1.44 8079.55 8760 0.92

2035 0.73 1.61 9506.21 8760 1.09
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 Flexibility requirements in the 33 kV line  

Figure 3-4 shows the violation events for the 33kV line. Thermal constraints are identified earlier in 

this case, starting in April 2026. In contrast with the 11 kV line, the number of events is much lower 

across the years with around 3300 MWh expected to be procured in the ten-year period. This is 

equivalent to 11% of the total flexibility required in the 11 kV line. However, the size of overload is 

much higher in this case. The maximum violation happens in April 2035, with a load sized around 330% 

of the seasonal rated current [I]. This explains the increase in reinforcement costs, which involves the 

acquisition of three conductors with same specifications.     

Figure 3-3: Flexibility requirement per timeframe, 33 kV line (2032-2035) 

 

Figures from Table 3-2 show that flexibility would be required up to 179 hours in 2035 which 

represents around 2% of the total number of events per year (assuming 1 hour events), with an annual 

average of 40 hours. Although, the average MW/h per year is much higher than the estimated for the 

11 kV line, especially in the first seven years, with an annual average of 15 MW/h for the ten year 

period.   

Table 3-1: Flexibility requirement per year, 33kV line (2026-2035) 

 

 

year min (MVA) max (MVA) total (MWh) hours

average MW/h 

per year

2026 13.74 14.71 68.52 5 13.70                   

2027 17.36 18.41 86.12 5 17.22                   

2028 4.41 22.04 107.59 6 17.93                   

2029 7.34 26.69 132.49 6 22.08                   

2030 9.90 30.76 154.32 6 25.72                   

2031 2.84 36.20 197.57 10 19.76                   

2032 3.22 42.51 276.75 18 15.38                   

2033 0.31 48.08 451.60 53 8.52                     

2034 0.29 52.63 707.15 98 7.22                     

2035 0.32 57.41 1116.59 179 6.24                     
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 Cost Benefit Analysis Methodology  

The cost benefit analysis (CBA) methodology used in this study is described in the Milestone 6 Fort 

William Modelling Report, which is aligned with the Common Evaluation Methodology (CEM) CBA tool 

developed by ENA-Baringa (2020). The CBA compares and evaluates different models of intervention 

to manage thermal constraints identified in both 11kV and 33 kV lines described in the previous 

sections. Discounted savings (or benefits) are represented by the difference between the net present 

value (NPV) of BAU solutions and alternative ones such as the procurement of flexibility services by 

third parties including generators, storage, controllable loads, etc. In the evaluation of alternative ones 

what we propose is to defer for one or more years the cost of reinforcement and contract flexibility 

services during these years instead.    

Most of the assumptions made in this study remain the same with a few variations. Among the 

commonalities with the previous CBA approach are the use of straight-line depreciation with the 

economic life set at 45 years, capitalisation assumptions applied to financial costs in line with Ofgem 

guidance (2021), individual CBAs for each type of line (11kV and 33 kV), use of value streams described  

in 1.06 Flexible Service Valuation Mechanism (SSEN, 2020), use of 2018/2019 prices (Retail Price Index 

-RPI/Consumer Price Index Home -CPIH combined approach) in line with Ofgem guidance (2021), use 

of social time preference rate (STPR) suggested by the HM Treasury Green Book, among others. For 

further details see Milestone 6 Fort William Modelling Report (Section 3.5).  

In relation to the variations, additional assets and related costs have been considered in the analysis. 

This reflects the BAU proposed solution by system planners for dealing with forecasted thermal 

constraints in the 33 kV line under the worst-case approach (i.e. install three 33 kV lines and 6 circuit 

breakers, rather than 1 new 33 kV line required in the previous CBA). The other thing that is different 

is the year where network violations are identified which depends on the type of conductor. Based on 

this, it was suggested the upgrade of the conductors in 2029 (11 kV) and in 2026 (33 kV), 1 and 6 years 

earlier than compared with the previous realistic case CBA in Milestone 6. Then the time horizon for 

the analysis is up to 2072 and 2069 respectively3. The other variation is the consideration of availability 

payments (in addition to the utilisation payments). Under the worst-case approach there is more 

uncertainty on when flexibility would be required (in comparison with the realistic one), so availability 

payments are needed to encourage participation of flexibility providers. Utilisation rates are also 

introduced to estimate the potential size of flexibility to be contracted. This differs from the previous 

realistic case CBA where only utilisation payments were included. Table 3-3 consolidates the value 

streams used in the CBA.  

 

 

 

 

 

 
3 This is relative to the respective baseline scenarios (11kV and 33kV lines) discussed in Section 3.6 and considers 
the economic life of the assets (45 years).  

https://project-merlin.co.uk/wp-content/uploads/2021/08/M6-Fort-William-Modelling-Evaluation_Final.pdf
https://project-merlin.co.uk/wp-content/uploads/2021/08/M6-Fort-William-Modelling-Evaluation_Final.pdf
https://project-merlin.co.uk/wp-content/uploads/2021/08/M6-Fort-William-Modelling-Evaluation_Final.pdf
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Table 2-3: Summary of value streams used in the CBA 

 

 

 

 Scenarios  

The scenarios discussed in this section are aligned with those from the previous CBA too (SSEN, 

2021), but with a few differences.  

Baseline (Scenario 0): 

This scenario refers to the traditional or BAU solution, which implies the upgrade of the existing 

conductors, 11 kV (in 2029) and 33 kV (in 2026). The upgrade refers to the installation of conductors 

with higher ratings (one 11 kV conductor, three 33 kV conductors) and 33 kV circuit breakers (6 in 

total). The cost of power losses and network performance costs of failure per type of asset are 

estimated before and after the upgrades. For example, during the whole period of analysis 2026-2035, 

BAU alternative options 

Traditional reinforcement NPV

Compares the NPV of the BAU solution with the NPV of 

deferring the conductor(s) upgrade and acquisition of additional 

assets (i.e. circuit breakers) for one or more years and 

contracting flexibility services instead (for the same number of 

years). This involves two costs: reinforcement costs and bid 

costs (i.e. availability and utilisation payments) yes

yes (with investment 

deferral)

Network losses The impact of network losses is estimated in both, the BAU 

solution and the alternative option. This includes the cost of 

losses associated to the 3 new 33 kV conductors. Use of 

standardised value (£/MWh) in agreement with RIIO ED Ofgem 

CBA tool. yes yes

Flexibility service administration and management costs

Related to the administrative costs incurred by the DNO to 

procure flexibility services, an annual cap is suggested based on 

SSEN current practices. yes

Net avoided outage costs (asset health)

This captures the impact of asset failure in relation to (1) 

customer interruptions (CI) and duration of interruptions (CML) 

for the 11 kV conductor; and to (2) the amount of load at risk for 

the 33kV conductor(s) and circuit breakers with the 

consideration of value of lost load (VoLL). These costs are then 

multiplied by the probability of failure estimated per each type 

of asset, in line with the DNO common network asset indices 

methodology. yes yes

Community generation credit

This values the contribution of community generation in the 

provision of flexibility services. This is introduced as a negative 

costs in the scenarios that involve flexibility services. yes

Net avoided greenhouse gasses (GHG)

This refers to the costs of carbon emissions associated to 

network losses including those associated to the 3 new 33 kV 

conductors. Conversion factors (from Defra) and price carbon 

central (from BEIS) were used. yes yes

(3) Future plus flexible 

service valuation, plus 

all costs/savings in (2)

Relevant to:

Value stream Valuation

(1) Short term flexible 

service valuation

(2) Future flexible 

service valuation, plus 

all costs/savings in (1)
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under the BAU solution, the existing 11 kV conductor would be used until 2028 and the 33 kV one until 

2025, with the new ones to start operating in 2029 and 2026 respectively.    

Scenario 1: 

The difference between this scenario and the previous one is that this involves the procurement of 

flexibility services to deal with grid constraints associated to the two conductors, which would allow 

SSEN to defer their upgrade for 1 or more years. Flexibility providers are remunerated via availability 

and utilisation payments, for details about these figures see Table 3-5. Procurement costs incurred by 

SSEN are also included in the analysis. Costs associated to power losses and network performance cost 

of failure regarding both the existing and new assets (i.e. conductors, circuit breakers) are also 

included.  

Scenario 2: 

This scenario takes into account the societal costs and benefits (e.g. emission costs due to power 

losses and community generation credit), along with all the value streams included in Scenario 1.  

Table 3-4 summarises the three scenarios.  

Table 3-3: Summary of scenarios 

 

 

 Sensitivity Analysis  

Table 3-5 shows the sensitivities included in the CBA in line with the previous CBA but with a few 

variations. Sensitivities regarding over-procurement factor and utilisation payments remain the same, 

for further details see SSEN (2021, Section 3.7). In terms of the NPV time horizon, three different 

moments are still considered to evaluate the discounted rates however, the last ones vary this time 

(2069 for the 33 kV line and 2072 for the 11 kV line). This is because under the worst-case approach, 

grid constraints in the 33 kV line appear 3 years in advance relative to the 11 kV one. Like the previous 

CBA, the latest time horizon captures the full economic life of the asset (i.e. 45 years).   
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Table 3-4: Summary table of sensitivities covered in the CBA 

 

 

 

For simplicity, we have included one value for availability payment and utilisation rate. Given the size 

of flexibility requirements across the whole period of analysis in both the 11 kV and 33 kV, we assumed 

a low payment of £25/MW/h, which seems plausible. The other thing is the utilisation rate which 

captures the actual size of flexibility to be utilised and compensated. This is in addition to the payment 

that flexibility providers can get for being available (i.e. via availability payments). The ratio of 20% is 

in line with the utilisation ratio from Power Potential project, a trial implemented by NGESO and UK 

Power Networks to contract flexibility services (i.e. reactive power) from DER, see NGESO (2021).  

 Data Collection and Assumptions  

This CBA uses data collected from different sources. Information about flexibility requirements, 

reinforcement costs, conductor power losses (existing and new ones), conductors specifications (age, 

ratings, resistance), among others, was provided by SSEN. Monetary figures such as the costs of power 

losses, CMI, CI, VoLL and financial data was acquired from Ofgem. Methods and assumptions for 

valuing network performance costs of failure were found in the DNO common network asset indices 

methodology (GB DNO-NIE, 2021). Data to estimate societal costs/savings such as carbon prices and 

GHG conversion factors are from BEIS (2019) and Defra (2021) respectively. See Appendix B for further 

details about data collection and main assumptions per type of asset and value stream (described in 

Section 3.5).  

 Results and Discussion  

3.9.1 11kv Line  

3.9.1.1 Baseline versus Scenario 1 (S0-S1) 

Similar to the previous CBA study (SSEN, 2021), network reinforcement rather than flexibility services 

would be the preferred option to deal with grid constraints. This is explained by lower network 

reinforcement costs (c. £30k) and a large requirement for flexibility with both utilisation and 

availability payments (with flexibility payments around £0.35m by 2035, central case). Cumulative NPV 

figures are negative in all cases with a peak of £0.22m by 2072, See Figure 3-4. These figures increase 

over time due to the increment in discounted cash flow when the time horizon is extended along with 

the increase in flexibility costs due to higher levels of flexibility requirements (up to around 29,900 

MWh, period 2029-2035), see Figure 3-2.  

 

 

Sensitivities Central Case Range of values analysed

over-procurement factor 7.5% 0%, 7.5%, 15%

utilisation payment £50/MWh 25, 50, 75 £/MWh

availability payments £25/MW/h £25/MW/h

utilisation rate 20% 20%

NPV (year) 2050 2040, 2050, 2069/72
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Figure 3-4:  S0 versus S1 (OPF=7.5%, AP=£25/MW/h), 11 kV line 

 

 

The exclusion of network losses in the CBA produces an increase in the cumulative NPV, but still most 

of the figures are negative, see Figure 3-5. These vary between £1k for 1 year deferral and -£115k for 

4 year deferral for the central case, and between £4.6k for 1 year deferral and -£146k for 4 year 

deferral when network losses are included. Cumulative NPV increases because losses in the existing 

conductor (41 years of service life by 2026) are higher than in the proposed one, see Appendix A for 

details. The existing conductor would continue being used during the years the conductor upgrade is 

deferred along with flexibility to compensate the exceedance.   

Figure 3-5: S0 versus S1 with and without network losses (OPF=7.5%, UP=£50/MWh, AP=£25/MW/h) 
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3.9.1.2 Baseline versus Scenario 2 (S0-S2) 

The introduction of societal costs and benefits produces a small variation in the cumulative NPV, see 

Figure 3-6. For instance, for the central case the cumulative NPV decreases around 6.5% on average 

across the four sets of year deferral. This reduction is mainly driven by the rise of losses due to carbon 

emissions (this is especially true when the existing conductor is used along with flexibility). On the 

other hand, community generation credit helps to counteract the reduction of cumulative NPV (acting 

as a credit) especially in the 4 year deferral. 

Figure 3-6: SO versus S2 (OPF=7.5%, AP=£25/MW/h)), 11 kV line 

 

 

3.9.2 33kv Line  

3.9.2.1 Baseline versus Scenario 1 (S0-S1) 

The BAU solution to solve grid constraints proposed the installation of three 33 kV lines with higher 

ratings along with 6 circuit breakers. This makes the cost of reinforcement much larger, c. £1.5m 

compared with £0.17m proposed in the previous CBA (realistic approach) for the 33 kV line. Then, 

contracting flexibility services appears like the preferred alternative here, with important savings 

(cumulative NPV is positive), Figure 3-7 confirms this. Savings are between £41k (1 year def.) and 

£196k (4 year def.).    
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Figure 3-7:  S0 versus S1 (OPF=7.5%, AP=£25/MW/h), 33 kV 

 

 

Similar to the analysis made in the previous section, the exclusion of network losses produces an 

increase in the discounted savings, around 4% on average for the central case. Savings vary between 

£43k (2069) and £205k (2040) when network losses are excluded.  
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Figure 3-8: S0 versus S1 with and without network losses (OPF=7.5%, UP=£50/MWh, AP=£25/MW/h) 

 

 

 

3.9.2.2 Baseline versus Scenario 2 (S0-S2) 

There is a very small variation in cumulative NPV when societal value streams are included in the 

CBA across the time horizons and deferral durations. Again, the addition of the costs of losses 

related to emissions may explain this variation, see Figure 3-9.  

Figure 3-9: S0 versus S2 (OPF=7.5%, AP=£25/MW/h)), 33 kV line 

 

 

A closer view for a ten year deferral duration shows that the optimal deferral duration would be 9 

years (UP=£50/MWh), with around £256k of savings. Figure 3—10 depicts the trend of discounted 

savings (by 2069) for different values of utilisation payments (availability payment remains the same).  
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Figure 3-10: Cumulative savings by 2069 (OPF=7.5%, AP=£25/MW/h)), 33 kV line  

 

 

 Realistic versus Worst Case Approach  

It is important to notice that both approaches are not fully comparable, due to the type of assumptions 

made in each of them. Here we attempt to discuss the main differences in terms of size of flexibility 

requirement and level of exceedance (compared to the rated current), and discounted savings or 

cumulative NPV.  

In terms of the first point, when we look at the worst case approach (or realistic approach) flexibility 

requirements for the 11 kV are much higher than the ones associated to the 33 kV conductor, 29,900 

MWh (period 2029-2035) versus 3,300 MWh (period 2026-2035) respectively, see Figure 3-11.  

Figure 3-11: A comparison of flexibility requirements for realistic and worst-case approach   

 

 

However, for the worst case approach, the size of exceedance of the rated current is lower and less 

critical in comparison with the 33 kV one, up to 330%, see Section 3.4). Therefore more upgrades 

would be needed to manage thermal constraints in the 33 kV line. System planners suggested three 

33 kV lines with higher ratings (from 743 winter rating in the realistic approach to 1000 winter rating 
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in the worst case approach), along with six 33 kV circuit breakers. In the realistic approach it was 

recommended to upgrade only one 33 kV conductor (743 winter rating). In the case of the 11 kV line, 

the same type of conductor (and rating) was proposed to deal with thermal constraints under both 

the realistic and worst case approach (193 winter rating). This means that reinforcement costs are the 

same in both cases (i.e. around £30k). This explanation helps to understand the cumulative NPV or 

discounted savings depicted in Figure 3-12.  

Figure 3-12: A comparison of cumulative savings by 2050 per type of approach and line, central case  

 

 

We observe that contracting flexibility services is the most efficient way to deal with grid constraints 

in the 33 kV conductor under the worst case approach. The high value of benefits is explained by the 

large size of reinforcement costs estimated at £1.5m and the relative low size of flexibility required. 

When we refer to the realistic approach for the 33 kV conductor, savings are very low or non-existent. 

In the case of the 11 kV conductor and both approaches, there is no savings due to low reinforcement 

costs and higher levels of payments to flexibility providers due to the large amount of flexibility 

required.    

 Conclusions  

A cost benefit analysis (CBA) that evaluates alternative interventions to deal with grid constraints has 

been conducted. The estimation of the flexibility requirements has been made using the worst case 

approach in a power flow analysis. This approach increases the size of flexibility required in order to 

deal with the exceedance of the current rating. Two voltages of circuit have been evaluated, 11 kV 

and 33 kV. We find that the size of reinforcement costs and flexibility, and the specifications of existing 

assets (which may perform poorly in comparison with new assets) may influence the selection of 

alternative solutions to solve grid constraints. Results from the CBA suggest that flexibility services are 

preferred only to deal with thermal constraints in the 33 kV conductor, in all the other evaluated 

situations no or negligible savings are estimated.  
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Appendix A: Conductor specifications and power 

losses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Voltage 

kV
Feeder Length [m] Material Metric Size 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Actual 

Conductor
11 724014 1393.83 CdCu 12 mm2

285 362 466 586 722 848 956

Proposed 

Conductor
11 724014 1393.83 Cu 32 mm2

143 181 233 293 361 424 478

Voltage 

kV
Feeder Length [m] Material Metric Size 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Actual 

Conductor
33 FORW 1200 Cu 185 mm2

59 70 82 99 115 139 169 198 224 250

Proposed 

Conductor
33 FORW 1200 Cu 630mm2 6 7 9 10 12 15 18 21 23 26

11kV conductor

33kV conductor

Annual Losses [MW]

Annual Losses [MW]
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Appendix B: Variables, sources and assumptions for 

the CBA 

 

Value stream Concept

Values (monetary figures in 2018/19 

prices) Notes/Sources

reinforcement costs (worst case) £ 28.9k (11kV), £1.46m (33kV)

Provided by SSEN, upgrade work to be done 

in 2 years.

type of asset (to upgrade) 

11kV: overhead conductor (1 unit), 33kV: 

underground cable non-pressurised (3 

units), 33 kV circuit breakers - CBs (6 

units)

Provided by SSEN, with technical 

specifications.

flexibility requirements see Table 3-1, Table 3-2

Provided by SSEN, 1 hour timeframe (2026-

2035).

bid costs (availability and 

utilisation payments) AP: 25 (£/MW/h), UP: 25, 50, 75 (£/MWh)

Own assumptions, see sensitivity analysis, 

Section 3.7.

over-procurement factor 0, 7.5%, 15%

Own assumptions, see sensitivity analysis, 

Section 3.7.

utilisation rate 20% NGESO (2021)

power factors 0.996 (11kV line), 0.96 (33kV line) Provided by SSEN.

seasonal ratings see Figure 3-1 Provided by SSEN.

asset economic life 45 years

Ofgem (2021), same asset life for all the 

assets.

network losses see Appendix A Provided by SSEN.

resistance (R)

1.694 ohm (11 kV line), 0.153 ohm (33 kV 

line) Provided by SSEN.

value of losses £56.07/MWh Ofgem (2021).

Flexibility service admin&manag. 

costs 

£16.67/h procured/year, up to £8513 per 

year

Fixed value provided by SSEN, ratio from 

NGESO (2021) based on procurement costs at 

dist. (£30k/year for 1,800 hours).

CML, CI, VoLL

£0.44/minute lost, £17.88/interruption, 

£21,000 Ofgem (2020, 2021).

age of conductors/CBs by 2026

41 years (11kV line), 57 years (33kV line 

and 33 kV circuit breakers - CBs) Provided by SSEN.

normal expected life 

60 years (11kV line and 33 kV CBs)), 100 

years (33kV line) From GB DNO-NIE (2021), Table 20.

number of connected customers 

(2026-2035), 11kV line only 11kV: 1218 (2026), 1293 (2035)

own estimations using SHEPD average 

annual growth (2009/10-2020/21): 0.7% , 

Ofgem (2018), SSEN (2019).

probability of failure curve 

parameters

k-value: 0.0080% (11kV line), 0.0658% 

(33kV line), 0.0223% (33kV CBs), c-value:  

1.087 From GB DNO-NIE (2021), Table 21.

reference network performance 

cost of failure for 11kV line (LV, HV 

assets) several parameters From GB DNO-NIE (2021), Table 233.

reference network performance 

cost of failure for 33kV line and 

33kV assets (EHV & 132kV assets) several parameters From GB DNO-NIE (2021), Table 235.

community generation credit 5p/kWh

own assumption, based on evidence from 

previous Community Energy Service 

Programme (CESP) in GB; DECC (2014), 

Electricity and Gas Order 2009. It represents 

what the society is willingness to pay for the 

community aspect of an energy project, on 

top of pure environmental aspects. 

capacity shared of community 

generation 20% Own assumption.

CO2 conversion factor for 

electricity 193 (2026), 124.4 (2035) g CO2e per kWh 

From Defra (2021), it considers both 

electricity generated & T&D grid losses. 

Assumptions: power sector emissions to be 

reduced to 10g/kWh by 2050, linear 

decarbonisation pathway from 2021/22 until 

2050.

traded carbon prices 21.07 (2026), 31.41 (2035) £/t 

From BEIS (2019), short-term prices for 

modelling purposes.

Others RPI, RPI&CPIH (combined) several values Ofgem (2021)

pre-tax WACC 3.6% Baringa (2020).

social time preference rate (STPR) 3.5% (<30 years), 3% (>30 years) HM Treasure (2020).

capitalisation rates 85% Default value suggested by Ofgem (2021).

NPV time horizons 2040, 2050, 2069/72 See sensitivity analysis, Section 3.7.

Short term 

flexible service 

valuation

Future flexible 

service valuation

Future plus 

flexible service 

valuation

Rates, 

capitalisation, 

others 






