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1. Executive summary  
1.1 Context 

This paper summarises NGET’s proposed investment to extend the Cilfynydd 400kV substation, 
Swansea North 400kV substation, and Upper Boat 275kV substation, and seeks to demonstrate the 
consumer interest in the associated investment.  

This Medium Sized Investment Project (MSIP) seeks approval of the need for the investment, as 
well as approval of the proposed solution and requested funding allowances for efficient spend on 
the project. The funding is required by NGET to deliver works in response to the NESO Stability 
Pathfinder Phase 3 project and to enable the delivery of projects in line with contracted customer 
connection dates  

1.2 What is the background to this Investment? 
As part of their role, NESO is responsible for ensuring the security, operability, and reliability of the 
electricity system during the transition to net zero. Recent developments in decarbonisation, 
decentralisation, and digitalisation are driving considerable changes within the electricity network, 
impacting the operation of the transmission system. By 2030, it is anticipated there will be a 
significant increase in low carbon generation and interconnection, both of which will pose operability 
challenges. 

Grid stability, which has traditionally been supplied as an inherent by-product of traditional 
generation (coal and gas plants), represents one of those challenges. As traditional generation is 
phased out, there is a decline in the inherent stability of the system with inertia and short circuit 
levels falling. A power network operating without required levels of mechanical inertia is unstable, 
suffers from issues of power quality and is susceptible to blackouts.  

In 2021, NESO identified South Wales as a region requiring stability solutions for the transmission 
system. NESO issued a tender to procure services to deliver sustainable solutions at a low cost, 
known as the Network Options Assessment (NOA) Stability Pathfinder Phase 31. Following this 
assessment, it was determined that the following substations in South Wales have connection bays 
available to accommodate the Pathfinder Phase 3 solution:  

• Cilfynydd 400kV substation (two available connection bays)   
• Upper Boat 275kV substation (two available connection bays)  

In both cases, the customers were successful in their tender to provide stability services to NESO. 
NGET has a contractual obligation to provide a connection for both of these customers.   

For Swansea North 400kV substation, the approach to delivering stability services for Pathfinder 
Phase 3 differed as it was not a reserved site in NESO’s 'regions of need' document. However, after 
a successful application to deliver stability services under the first contract, the customer (Statfkraft) 
applied for a second connection and has been awarded the contract for Phase 3. The customer has 
a Final Investment Decision (FID) in place. NGET has a contractual obligation to provide a 
connection to the customer. 

NESO in collaboration with NGET identified these sites as appropriate Grid Supply Points (GSPs) 
with adequate capacity to support the stability pathfinder scheme, thereby reserving capacity at 
these locations. As the owner of the transmission system, NGET is tasked with ensuring that stability 
solutions are integrated safely and effectively within the network, in accordance with the Security 
and Quality of Supply Standard (SQSS). Although the customers were granted the contract to 
implement the stability scheme via NESO's tender process, the connection of the synchronous 
compensators to the transmission system necessitates infrastructure modifications at each site, 
which is the responsibility of NGET. 

 

 
1ESO Transparency Forum, July 2024, Operational Transparency Forum | National Energy System Operator 
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1.3 What have we considered in developing options for this 
investment?  

NGET assessed a range of solutions to meet the investment drivers in a way that best serves the 
interest of consumers. For each substation, we considered solutions across five categories. In 
evaluating these options, we considered the ability to meet the NESO contracted timeline for 
delivering the network stability solution, costs, technology type, and other factors that are relevant 
to consumers. 

Whilst further detail regarding the optioneering process is provided in sections 4 and 5 of this 
submission, a brief summary of the options considered is explained below. 

In line with the reopener guidance set out by Ofgem, we considered three options as standard: do 
nothing (Option A), market based (Option B), and whole system solutions (Option C). These 
were discounted due to their inability to provide a compliant and viable customer connection and 
because they would not address the grid stability needs identified by NESO, leading to increased 
constraint costs.  

We then considered options to make use of existing NGET substations (Option D) or to build a 
new substation (Option E) for each of the three substations. Option E was not shortlisted for any 
of the substations because it was deemed excessive and inefficient for consumers from a cost and 
timing perspective given the available capacity at existing substations.  

We therefore subsequently focused on options to extend or utilise existing substations (Option D). 
For each substation, options differed based on configuration and technology type and were 
shortlisted based on various factors, such as: relative cost (need for additional equipment), 
procurement lead times, safety, health & security, and the environment.  

For Cilfynydd substation, we considered seven options, of which three were progressed to detailed 
options analysis 

• D-2: AIS extension - maximum customer bays 
• D-5: GIS extension - building to the west of the substation, using non-SF6 equipment 
• D-6: GIS extension - building to east of the substation, supplied by east only using non-SF6 

equipment 

For Swansea North substation, we considered four options, of which two options were progressed 
to detailed options analysis (D-1 and D-2): 

• D-1: New bays in the GIS hall using SF6 equipment  
• D-2: Single TEE connection to the Pembroke two circuit 

For Upper Boat substation, we considered six options,2 of which two options were progressed to 
detailed options analysis (D-3 and D-4): 

• D-3: New Bays with Disconnecting Circuit Breaker (DCB), Three Phase Capacitive Voltage 
Transformer (CVT), Current Transformer (CT) and Cable Sealing End (CSE) 

• D-4: New Bays with Disconnecting Circuit Breaker (DCB), Single Phase CVT, CT and CSE 

1.4 What is the preferred option and what outputs does it 
deliver? 

The preferred options for the three projects are summarised below. They align with NESO’s strategic 
priorities for enhancing inertia and SCL in the South Wales region, fulfilling the requirements set out 
in NESO Stability Pathfinder Phase 3. The proposed designs aim to deliver the essential 
infrastructure to meet the customer's needs, ensuring a reliable and efficient connection while 
providing the greatest benefit in terms of consumer value.  

Key features for each preferred option include: 

Cilfynydd: D-2 AIS extension to the east of the substation, with two user bays 

 

 
2For Upper Boat substation, the six options (D-1 to D-6) all propose extending mesh corner one and mesh corner four, 
differing only in the type of asset technology used. 
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• AIS substation extension to the east with construction of two AIS customer connection bays 
to enable Pathfinder 0MW connection for synchronous compensators   

• Following optioneering, the scope of the east extension was decoupled from the 
overall site strategy to ensure deliverability of the customer connection.  

• Decoupled scope and wider site strategy will be managed through a future separate 
Engineering Justification Paper (EJP) submission.  

Swansea North: D-2 Single TEE connection 
• Extension to the existing site (through a tee’d connection) to construct a non-standard bay 

including associated bay equipment to enable Pathfinder 0MW connection for synchronous 
compensators . 

• Efficiency in design and contract management (lessons learned from Statkraft one project).  
• Cost effectiveness - Single Tee connection will avoid the need to extend the GIS Hall. 

Upper Boat: D-3 Extension of mesh corner one and mesh corner four. 
• New bays with Disconnecting Circuit Breaker (DCB) Three Phase CVT, CT, and CSE to 

enable Pathfinder 0MW connection for synchronous compensators in 2027. 
• Proposed works (extension of the bays) is already on land owned by NG. 
• Option meets required control, protection and electrical clearances. 
• Configuration/design of equipment is the best option in terms of space constraints at site. 

Funding allowances are sought as part of this MSIP submission. The direct costs for this investment 
are  (18/19 prices). Further details related to the makeup of these requested allowances 
are detailed within the cost model available alongside this submission. 

1.5 How has future proofing been considered in the proposed 
investment? 

The primary driver for the project is to deliver customer connections for NESO’s Pathfinder Phase 
3. The preferred option for Cilfynydd includes provision for an extra bay for Bute Energy (wind farm 
connection). Additionally, a comprehensive site strategy is being formulated at Cilfynydd to allow for 
expansion to the west of the substation, future proofing the site to allow for pipeline of future 
connections.  

Similarly, Swansea North also has a wider site strategy in development to cater for pipeline of future 
customers. These strategies are still in the initial phases of development and will consequently not 
meet the NESO contracted timeline for delivering the network stability solution. 

For Upper Boat 275kV substation due to space constraints, outage restrictions and the site reaching 
its capacity focus has placed on delivery of contracted customer connection for the pathfinder 
solution.  

1.6 What are the uncertainties and how have they been 
accounted for? 

The following risks and uncertainties to the successful delivery of this project include: 

• Land & Consent: Working within land constraints in extending substation site layout.  

• System Outages: High demand for outages on the South Wales network over the next 
three years , or the need for additional work to manage 
network resilience. Ongoing liaison with NESO  

• Unforeseen Ground Contamination (Cilfynydd), unforeseen discovery of asbestos 
and underground obstructions and services (Upper Boat): have been identified as 
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possible risks at the sites. Further investigations and Ground Penetrating Radar (GRP) 
surveys to be undertaken. 

  

Following a NESO-led investment driver to enhance grid stability in South Wales, NGET will 
implement infrastructure works to connect synchronous condensers at Cilfynydd, Swansea 
North, & Upper Boat. NGET’s proposed solution for each substation is shown below.  

• Cilfynydd 400kV substation: AIS Extension to East with Two User Bays  
• Swansea North 400kV substation: Single TEE Connection  
• Upper Boat 275kV substation: Extension of Mesh Corner One & Mesh Corner Four 

The designs will provide the necessary infrastructure for the customer connection requirements 
and ensure a reliable and efficient connection; with the greatest benefits in terms of consumer 
value.  
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Net-Zero commitments while maintaining quality of supply in line with the Security and Quality of 
Supply Standards (SQSS). These projects will improve SCL during system faults, enhancing the 
grid's ability to manage disturbances and maintain stability.    

NESO estimates that failing to address stability requirements throughout England and Wales 
through Pathfinder Phase 3 will cost an additional £14.9 billion for system inertia management from 
2025 to 2035.4 This figure represents the cost of maintaining fossil fuel generation as a stabilising 
strategy, which would be evident in consumer energy bills and would also fail to meet the UK's Net 
Zero commitments. 

2.2 Regional and strategic context  
Meeting Net Zero will require a fundamental change in how the Welsh energy system is developed, 
integrated, and operated. In response to energy decarbonisation targets, Wales is experiencing 
rapid development of non-synchronous renewable energy projects. Non-synchronous generation 
reduces system inertia, necessitating significant electricity network reinforcement. NGET’s system 
will need to adapt to the needs of the distribution networks and accommodate the large generation 
and demand customer connections pipeline in the region.  

By focusing on necessary network upgrades and ensuring the system can manage the increased 
demand, the Pathfinder project supports Wales strategic goals for a sustainable and resilient energy 
future. 

  
Figure 2: Overview of the Welsh network region  

 

 
42022, NESO, ESO announces new contracts to deliver over £14 billion in savings, https://www.neso.energy/news/eso-
announces-new-contracts-deliver-over-ps14-billion-savings  
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contracted connections. 

Cilfynydd 400kV substation has multiple customer connection schemes which have driven the need 
to extend the operational boundary and extend the busbar to facilitate the new 400kV connection 
bays. These connections include a combination of generation and storage projects for wind and 
solar generation and Battery Energy Storage System (BESS). The most notable customer is the 
Bute Energy 107.8MW wind farm connection (funded by T2 Generation Uncertainty Mechanism).  

3.3 Existing and planned future network 

3.3.1 Overview of the network today 
South Wales is generally a net exporter whereby excess power on the transmission network flows 
out of this region towards the South-East in times of high wind and solar generation. The Welsh 
transmission infrastructure is rated for the existing import and export requirements. However, due 
to the volume of connections and Holistic Network Design (HND) proposals, significant infrastructure 
upgrades are required to securely transfer power between Wales and England. 
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4. Optioneering  
4.1 Overview  
This section summarises the options we considered to address the needs case established in the 
previous section, in a way that best serves the interest of current and future consumers. In line with 
our optioneering process, for each project (Cilfynydd, Swansea North and Upper Boat) we identified 
the following high-level options: 

A. A do-nothing option as the counterfactual option.  

B. A market-based solution.  

C. Non-transmission, whole system solution.  

D. Making use of existing NGET substations.  

E. A new substation.  

In summary: 

• Options A-C were discounted in all three projects because they risk NGET’s licence 
obligation to provide a customer connection. The grid stability needs identified by NESO 
would also remain unaddressed without action, leading to increased constraint costs, 
reliance on costly balancing measures, and operational risks to the grid. Optioneering was 
therefore focused on site-specific solutions to ensure the successful delivery of the 
Pathfinder Phase 3 solution. 

Options B & C in particular were ruled out in early optioneering stages as NESO's 
advanced planning, supported by NGET's feasibility studies during the tender process, 
assessed the appropriateness of Cilfynydd, Swansea North and Upper Boat substations 
and reserved the required connection bays at each location. 

• Options that make use of existing NGET substations (Option D) were then considered. 
These extend and utilise the existing infrastructure at Cilfynydd, Swansea North, and Upper 
Boat substations to connect the Pathfinder solution. Various options were evaluated at each 
site to ensure optimal site layout and technology solution: 

o Cilfynydd: evaluated seven site-specific options to extend the substation. The 
options differed in terms of technology type (AIS or GIS extension), the location of 
the extension, and the supply location. Option D-2 was the selected as the preferred 
solution. 

o Swansea North: evaluated four site-specific options to accommodate the 
Pathfinder 3 connection. These options varied in technology type. Option D-2 was 
the selected as the preferred solution. 

o Upper Boat: considered six site-specific options to extend the substation, varying 
only in technology type. Option D-3 was selected as the preferred solution. 

• We then considered options to construct new substations (Option E). This approach 
would construct entirely new substations or consider alternative sites to connect the 
Pathfinder solution. This was not shortlisted for any of the substations because it was 
deemed excessive due to the technical feasibility and sufficient capacity of Cilfynydd, 
Swansea North and Upper Boat substations to accommodate the stability solutions 
identified by NESO. Constructing a new substation or utilising an alternative location may 
incur substantial costs, entail planning challenges, and result in prolonged timelines, which 
would conflict with the operational objectives of the Pathfinder programme. This would lead 
to higher expenses for consumers and a potential risk to the quality of supply.























   

 

National Grid  |  MSIP January 2025   28 

4.3.3 Quantitative options analysis 
The multi-criteria process summarised for selecting the preferred option at each site did not require 
a detailed Cost Benefit Analysis (CBA). See discussion in Section 4.2.3. 

4.3.4 Preferred solution 
The preferred solution is Option D-2, Single TEE connection on Pembroke 2 Circuit. 

Site Solution: Option D-2 involves an extension through a Tee’d connection off the incoming 
Pembroke two circuit. The connection will be located in the North-West corner of the existing 
substation. The proposed connection mirrors the initial Statkraft one connection at Swansea North 
and fits within the existing substation boundary.  

Technology Solution: Installation of a new disconnector at a tee point on the outgoing Swansea 
North - Pembroke two circuit, including 400kV circuit breaker, 400kV disconnector, current and 
voltage transformers, protection and control modifications and associated civils / minor works for 
both infrastructure and one-off works. 
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4.4.3 Quantitative options analysis 
The multi-criteria process summarised for selecting the preferred option at each site did not require 
a detailed Cost Benefit Analysis (CBA). See discussion in Section 4.2.3. 

4.4.4 Preferred solution 
The preferred solution is Option D-3, Substation Extension - Installation of Disconnecting Circuit 
Breakers, Three-phase CVT, Cable Sealing End with Slipover CTs at National Grid premises and 
HAM Unit CT and VT at Customer End. 

Site Solution: Option D-3 involves extending mesh corner one and mesh corner four to facilitate 
the customer connection for stability services at the Upper Boat substation. Cabling is required to 
connect synchronous compensator to the substation. The user will be responsible for the cabling, 
installation, and ownership of the synchronous compensators. 

The site requires new foundations for DCB, ESW, CT, VT, CVT and CSE. The two synchronous 
compensator feeder bays will be configured to the substation mesh corners as follows: synchronous 
compensator one will be connected to mesh corner one, while synchronous compensator two will 
be connected to mesh corner four. 

Technology Solution: Option D-3 proposes the installation of Disconnecting Circuit Breakers with 
Earth switch, three phase CVT, Cable sealing end with slipover Current Transformer, High Accuracy 
Metering (HAM) unit CT and VT to feed the synchronous compensator bays. 
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6.1.2 Procurement and Contracting Strategy  
The procurement and contracting strategy for these projects adheres to the NGET procurement 
approvals process, ensuring that all projects meet strategic goals and technical requirements. This 
comprehensive approach involved a thorough assessment of different procurement options for the 
project, whereby the project has been procured via an established framework. 
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Following a NESO-led investment driver to enhance grid stability in South Wales, NGET will 
implement infrastructure works to connect Synchronous Condensers at Cilfynydd, Swansea 
North, & Upper Boat. NGET’s proposed solution for each substation is shown below.  

• Cilfynydd 400kV substation: AIS Extension to East with Two User Bays  
• Swansea North 400kV substation: Single TEE Connection  
• Upper Boat 275kV substation: Extension of Mesh Corner One & Mesh Corner Four 

The designs will provide the necessary infrastructure for the customer connection requirements 
and ensure a reliable and efficient connection; with the greatest benefits in terms of consumer 
value.  
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8. RIIO-T1 and RIIO-T2 allowances  
There were no investments proposed for these projects during either RIIO-T1 or T2 business plans 
submissions. The projects do not have funding through any other price control mechanism. 
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9. Assurance and Point of Contact 
Provided with the MSIP portfolio submissions is the assurance statement letter, providing written 
confirmation in line with the assurance requirements set out in Ofgem’s Re-opener Guidance and 
Application Requirements Document, dated 17th February 2023. 

This confirmation is provided by the Head of Future Price Controls, Electricity Transmission. They 
provide the following statements below regarding how this MSIP application has been prepared and 
submitted in relation to each of the three assurance points requested by Ofgem: 

a. It is accurate and robust, and that the proposed outcomes of the MSIP submission are 
financeable and represent best value for consumers. 

b. There are quality assurance processes in place to ensure the licensee has provided high-
quality information to enable Ofgem to make decisions which are in the interests of 
consumers. 

c. The application has been subject to internal governance arrangements and received sign 
off at an appropriate level within the licensee. 

NGET’s designated point of contact for this MSIP application is Leo Michelmore, Strategic Upgrade 
Regulatory Manager (leo.michelmore@nationalgrid.com). 
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Appendix A: Enlarged drawings of preferred options 

Figure 8: Layout drawing of preferred option for Cilfynydd 400kV substation 
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Figure 9: Layout drawing of preferred option for Swansea North 400kV substation  
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Figure 10: Layout drawing of preferred option for Upper Boat 275kV substation  
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Appendix C: Cost model 
Please see the accompanying Cost Models submitted alongside this MSIP: 

• ‘Appendix C Pathfinders South Wales (Cilfynydd) – MSIP Jan 25 – Cost Model’ 

• ‘Appendix C Pathfinders South Wales (Swansea North) – MSIP Jan 25 – Cost Model’ 

• ‘Appendix C Pathfinders South Wales (Upper Boat) – MSIP Jan 25 – Cost Model’ 
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