
 

  
January 2025 x 

MSIP 
Necton 
 

January 2025 MSIP Reopener 

National Grid Electricity Transmission 
Medium Sized Investment Project  



National Grid  |  MSIP January 2025 

Contents 
 

Investment Summary 2 

1. Executive summary 3 

2. Introduction 8 

3. Establishing Need 15 

4. Optioneering 18 

5. Detailed options analysis 24 

6. Detailed cost for preferred solution 33 

7. Deliverability and risk 36 

8. Conclusion 39 

9. RIIO-T1 and RIIO-T2 allowances 40 

10. Assurance and Point of Contact 41 

Appendix A: Volume Driver Allowance Calculator 42 

Appendix B: Asset Health 43 

Appendix C: Enlarged Drawings 44 

Appendix D: CBA 47 

Appendix E: Cost Model 48 

Appendix F: Glossary 49 

 





National Grid  |  MSIP January 2025 

 

 

1. Executive summary  
1.1 Context   
This paper, together with the associated Cost Benefit Analysis (CBA) , summarises NGET’s 
proposed investment to extend the existing 400kV AIS substation at Necton, in order to facilitate 
connection of three offshore windfarms and seeks to demonstrate the consumer interest in the 
associated investment.  The substation will also be configured from a double tee arrangement to a 
double turn-in from Walpole and Norwich Main circuits, as well as installing an ISS fence.  

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. 

1.2 What is the background to this Investment? 
This investment is to connect generation from RWE’s three Norfolk offshore wind farms (previously 
under Vattenfall) at the Necton 400kV AIS substation, enabling 3.9GW of renewable generation onto 
the network. 

The wider East Anglia region is characterised by strong growth in wind generation as the UK seeks 
to increase the presence of renewable generation in the energy mix and realise its Clean Power 
2030 ambitions. Together the three wind farm projects are designed to have a capacity of 3.9GW 
and are situated 50 to 80km off Norfolk’s coast.1 All three projects have obtained Development 
Consent Orders (DCO), seabed rights and all essential permits, they are undergoing construction 
work at site. We therefore have high confidence in these projects proceeding.  

A brief history of the project is explained below:  

• In 2016 – NGET received connection requests for two offshore windfarms (Vanguard West 
and Boreas) for 1800MW connections in 2026 and 2027, respectively.  

• NGET began optioneering for the project via the multilateral Connection and Infrastructure 
Options Note (CION) process in collaboration with the NESO and customer.  

• Between 2022 and 2024, the customer went on to submit a number of ModApps to 
continually increase both the size and number of its connections from two 900MW 
agreements to three 1320MW connections, and later to move the ACL dates for two of the 
windfarms to 2029 and 2030.  

• In 2023, construction on the Necton substation commenced. Later in the same year the 
ownership of the windfarms changed hands from Vattenfall to RWE, who is now the current 
owner.  

• It is also worth noting that  a connection application 
for a Synchronous Condenser at Necton as part of the NESO Stability ‘Pathfinder Phase 3’ 
process, to provide grid stability services in the East of England.  

Upon completion, this project will contribute to the United Kingdom's decarbonisation objectives, 
including Clean Power 2030 and Net Zero 2050, by facilitating the integration of additional renewable 
energy sources into the national grid. Additionally, this project has the potential to support the UK's 
economic growth targets and Ofgem's regulatory growth duty, given the significant investment and 
job creation associated with investment in the East Anglia region. 

 

 

 

 

 

 
1 https://uk.rwe.com/project-proposals/norfolk/  
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1.3 What have we considered in developing options for this 
investment?  
NGET evaluated a range of solutions to meet the investment drivers in a way that best serves the 
interests of consumers. In evaluating options, NGET focused particularly on outcomes of the 
collaborative CION optioneering process,  ensuring timely SQSS compliant connections for all three 
offshore windfarms,  consideration of an efficient approach to phasing delivery of the works, the 
presence of a potential Point on Bar (PoB) issue on site,  and futureproofing space for an additional 
Pathfinder connection also contracted on site.  

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. 

NGET’s optioneering was split into two key phases:  

• The first being the collaborative tripartite analysis undertaken by NGET, NESO and the 
customer via the NESO’s CION process – a process applicable to offshore wind connections 
and interconnectors. This process resulted in the selection of a mutually identified and 
agreed onshore connection point to the transmission network at Necton 400kV AIS 
substation via cable .  

• The second phase of analysis was underpinned by NGET’s consideration of the most 
efficient connection solution at the Necton 400kV substation. NGET considered a total of 
seven high level options under five headline categories to identify the best option for 
consumers. 

With the CION process having identified Necton 400kV AIS substation as the most suitable 
connection point and a number of other requirements, such as amending to a double turn-in OHL 
arrangement and installing an ISS fence, were consistently necessary across all options, NGET’s 
options analysis instead focused on resolving a potential PoB issue identified in system studies with 
the NESO.  

Following the reopener guidance set out by Ofgem, we considered assessed a “do nothing” option 
and a market based and whole system option (Options A, B and C). All three were discounted as 
they did not provide a compliant and viable connection for RWE.  

Building a new substation (Option E)  to deliver the contracted connections was dismissed following 
the CION process, which identified existing assets that could facilitate the investment. This approach 
reduced additional costs to consumers and avoided delays in meeting the contracted ACL dates. 

NGET focused on three options to extend or utilise the existing Necton 400kV AIS substation 
taking into account a potential PoB issue on the site (Options D1-D3). These options considered 
the most efficient way to connect the three offshore windfarms using the available space, OHLs and 
cables already on site. Considerations of whether to undertake cable transposition works and make 
use of, or remove, the existing Cable Sealing End Compound (CSEC), was a primary factor of 
analysis between options. All three options were taken forward for detailed analysis.  

The three shortlisted options taken forward for detailed analysis included:  

• Option D-1: Extend the Necton 400kV substation, delay cable transposition works and 
disconnect the Cable Sealing End Compound (CSEC) 

• Option D-2: Extend the Necton 400kV substation, delay cable transposition works and re-
use the existing CSEC. 

• Option D-3: Extend the Necton 400kV substation, complete cable transposition works and 
re-use the existing CSEC 

Table 1 provides a summary of the three shortlisted options against key criteria for the project.  
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• Interfacing: between customer works on site and NGET's substation work at Necton could 
impact program delivery if not managed properly. NGET and the customer are maintaining 
close communication to mitigate this.  

 

 

 

 

 

 

 

 

 

 

 

  

In response to the growth in renewable generation in the East Anglia region, NGET has assessed a 
range of options for enabling the connection of three offshore windfarms, with a combined capacity 
of 3.9GW. To address this connection demand, NGET has assessed options to identify the best 
solution for consumers. Working with NESO and the customer, we concluded through the CION 
process that an extension at Necton would be most suitable, enabling timely project delivery at a 
proportionate cost to consumers. Specific design considered by NGET within this assessment 
differed by their approach to transposition of cables and removal of the CSEC.  

Our preferred solution following this assessment is an extension to the existing Necton AIS 400kV 
substation by 12 bays and amending the double-tee circuit arrangement to a double turn-in 
configuration.  This proposed solution will enable NGET to meet the contracted connection dates for 
all three agreements, whilst considering the needs of consumers for a cost-efficient solution and 
providing space for one additional connection in the future, in the interest of future consumers.  
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• In 2022,  Vattenfall further increased the load requirements to three 1320MW 
connections for each of the offshore windfarms. 

• In 2023, construction started on the NGET substation and later that year the customer 
ownership of the projects changed hands from Vattenfall to RWE who acquired the 
Norfolk Offshore Wind portfolio. 

• In April 2024, RWE submitted a further ModApp, this time amending the ACL dates of 
the Vanguard East and Boreas  

 

 

2.1.3 Importance of the investment  
This investment is required to accommodate the contracted renewable generation connections from 
three offshore windfarms on the East Anglian coast by customer RWE. Combined, these offshore 
windfarms will provide 3.9GW of renewable wind generation onto the National Grid Electricity 
Transmission network. Once live, the Norfolk Zone will be one of the largest wind clusters globally, 
producing enough renewable energy to power the equivalent of 4 million UK households2. Together 
the three wind farms will be made up of 276 wind turbines and will deliver electricity  

 located circa 40m from NGET’s onshore Necton substation. Figure 
1 provides an aerial representation of where the three offshore windfarms will set off the East Anglian 
cost and the relative onshore landing and substation connection point at Necton.  

This paper provides evidence for the investment needs case and preferred connection location and 
technology solution for extending the existing Necton 400kV AIS double bus bar substation to the 
east and west to accommodate connection of three new offshore windfarms. The project is referred 
to as Necton.  

Facilitating the establishment and connection of offshore wind is a fundamental part of achieving the 
UK’s energy ambitions. In their 2024 Clean Power 2030 report, NESO highlighted that clean power 
can only be enabled via the mass deployment of offshore wind with a sustained rollout needed at 
over “double the highest rate ever achieved in Great Britain”.3 With a requirement to achieve 45-
50GW of offshore wind by 2030, NESO note within the report that the cost and success of clean 
power as a whole for the UK will be made or broke by the right investment signals, contracting 
arrangements and delivery environments surrounding offshore wind projects.  

 
Figure 1 – Aerial map of Norfolk Offshore Wind zone and connection to Necton 

 

 

 

 

 
2 https://norfolkzone.rwe.com/about-norfolk  
3 Clean Power 2030 (2024) National Energy System Operator 
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2.2 Regional and strategic context 
The East Anglia electricity transmission network is currently a net importer of electricity but is set to 
become a net exporter of power. The region continues to be influenced by strong developments in 
wind generation in the north of the region and interconnector behaviour in the south. Figure 2 
presents an overview of current generation connection offers within East Anglia out to 2034. The 
general flow of power in the East Anglia region is north to south carrying power to London and the 
Southeast of England. Looking to the future the network will need to be capable of taking on this 
growth in renewable generation and pertaining the right infrastructure to carry it south. Current 
forecasts indicate that about a third of the UK’s current energy demand could be met by energy that 
will be coming into East Anglia by the end of the decade.  

The National Electricity System Operator’s (ESO) recent Future Energy Scenario’s 2024 publication 
mapped the need to meet the UK’s ambitions for 50GW of offshore wind by 2030 and anticipated 
that only the ‘Holistic Transition’ pathway would enable this target to be met, with both ‘Electric 
Engagement’ and ‘Hydrogen Evolution’ falling shortly behind. The report highlights that offshore 
wind generation remains one of the lowest cost options to meet the UK’s energy needs.4 As of 
February 2024, customers have contracts for new connections totalling 63 GW of generation 
capacity in this region. The majority of these connections, approximately 60%, are battery or hybrid-
battery systems, followed by around 15 GW of offshore wind and 4.5 GW of new interconnectors.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Pie chart of generation connection offers in East Anglia out to 2034 

 

2.3 T3 interactions 
Although this MSIP is being submitted under the RIIO-T2 price control, it interacts with and  forms 
part of the same regional strategy outline in NGET’s RIIO-T3 Business Plan. Necton substation is 
in the East Anglia region.  

By delivering the works at Necton substation as part of a site strategy, NGET is ensuring this 
investment meets the primary goal of connecting 3.9GW of renewable electricity to the grid as part 
of the Norfolk Offshore Wind zone. This investment – and the associated Necton Site Strategy -  
aligns with the Future Network Blueprint for the region as outlined in our T3 Business Plan by 
facilitating future customer connections and delivering the infrastructure needed to accommodate 
the significant growth in new energy generation in the region. This investment also aligns with 
Consumer Outcomes embedded across our T3 plan, a summary of these is detailed in Table 2 
below.  

 

 

 

 
4 NESO (2024) Future Energy Scenarios - https://www.neso.energy/document/321041/download 
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4. Optioneering 
 

This section summarises our assessment of options to address the needs case established in the 
previous section. The optioneering undertaken on the scheme can be separated into two specific 
tranches, both of which will be summarised in this section:  

The first section discusses the context that influenced NGET’s optioneering process. These include 
the results of the collaborative three-way CION process (section 4.1 of this paper) and the 
identification of the need for potential transposition works to address a Point on Bar (PoB) issue 
(section 4.2 of this paper). To summarise both elements:  

• The CION process involves NESO, the customer, and NGET, aiming to determine the 
optimal onshore and offshore connection location and design to support offshore wind 
farms. As a result of this process, Necton 400kV AIS was identified as the most efficient 
onshore substation connection for the investment. 

• The consideration of circuit transposition works to resolve a potential PoB issue, conducted 
with NESO's support, indicated that delaying transposition works was economically 
advantageous.  

The second section explores NGET’s own internal optioneering process for identifying the most 
efficient connection solution on the Necton 400kV AIS substation. In line with our optioneering 
process, we identified the following high-level options:  

A. Identification of a do nothing option as the counterfactual option;  
B. Identification of a market-based solution;  
C. Identification of non-transmission, whole system solutions;  
D. Identification of options for making use of existing NGET substations;  
E. Identification of possible options for a new substation.  

In summary, details provided below:  

• Options A-C were discounted because they would not deliver a compliant connection.  
• Three variations of Option D (use of an existing substation) were considered in the light of 

a potential PoB issue identified at the Necton given the substantial increase in the substation 
load.  

• Option E (building a new substation). This was discounted given the outcomes of the CION 
process. It would have taken longer to deliver, had greater delivery risk and cost more for 
consumers, compared to utilising existing NGET assets.  

Alongside this optioneering, NGET also considered the most efficient approach for delivering the 
works, considering the staggered nature of connection dates across the three offshore windfarms. 
A brief summary of this consideration is also provided in section 4.3 below.  

4.1 Connection and Infrastructure Options Note (CION) 
Before reviewing NGET's high-level options for delivering the customer connections, it is important 
to highlight that a number of key optioneering decisions underpinning the investment were 
established multilaterally between NGET, the customer (representing the OFTO [Offshore 
Transmission Owner]) and the NESO, via the CION process.  

4.1.1. Introduction to CION 
The CION process documents and records the results of a collaborative effort between TOs, 
OFTOs, and NESO to find the most cost-effective and coordinated connection option for offshore 
transmission and interconnector projects. For this project, NGET, Vattenfall (now RWE), and NESO 
identified the best connection option for the three offshore windfarms which had been previously 
referred to as  ‘East Anglia Tranche 1’. 

The CION details the chosen connection option, considering technical, commercial, regulatory, 
environmental, planning, and deliverability factors. It addresses the onshore connection point, 
onshore transmission design, and offshore transmission system design for the three offshore wind 
farms. 

The CION serves as a dynamic document that guides investment decisions and planning by all 
parties involved in the process. Although the NESO coordinates its development, each party is 
responsible for ensuring their information is accurate and collaborating to approve the CION. 

Key roles within the CION include: 
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• Onshore TOs, NGET in this case, assess feasible onshore connection points and 
transmission construction works.  

• Offshore TOs, in this case Vattenfall (now RWE), assess feasible offshore connection 
designs and required offshore transmission construction works.  

• The NESO records the economic assessments to determine the most economic connection 
option and records this, together with the selection rationale as agreed by the TO and 
Developer parties.  

4.1.2. Outcomes of the Necton CION process 
The initial CION process for this investment began in November 2015, with the final version 
completed in July 2016. The key considerations and outcomes were:  

1. Firstly, looking onshore, three preferred interface points where the subsea cable could land 
were identified along the East Anglian coast:  
Correspondingly, three viable onshore connection points to the transmission system were 
proposed at Necton, Norwich Main, and Eye Airfield, each offering sufficient capacity and 
feasible connection routes. 

2. Secondly looking offshore, four alternative OFTO designs were evaluated, including two with 
covered interfaces at transmission substations and one with a coastal interface. Each option 
considered onshore and offshore route lengths and system costs. This stage also included 
a constructability assessment and review of offshore cable corridors. Following this stage of 
the assessment six options advanced. These all included a preferred offshore cable interface 
at Bacton and either cabling onshore to either Norwich or Necton substation via either OHL 
or cable.   

3. Thirdly, as the OFTO party, Vattenfall then considered timescales for connection options in 
the context of the UK Government’s Contract for Difference (CfD) . As a result of this 
assessment, the three parties agreed ruling out any OHL options, as these would require 
NGET, as the onshore TO, to obtain development consent orders for the new OHLs. This 
was recognised as a timely process which may have resulted in connection dates beyond 
the CfD cut off. 

Connections via cable at Necton and Norwich were then jointly considered in more detail, a 
routing workshop was undertaken to assess the feasibility and cost of both options. This 
analysis fed into the overall efficiency assessment coordinated by the NESO.  

4. The final outcome of the CION was an identification that the preferred option for the 
connection was the customer landing their connection  and connecting into 
NGET’s transmission system at the Necton 400kV substation. 

Whilst briefly presented, this section has sought to outline that a significant level of optioneering was 
conducted multilaterally between the three parties as part of the NESO’s established CION process. 
This work directed NGET to focus on establishing options to facilitate the investment at Necton 
400kV substation, supporting the customer to connect their offshore windfarms via cable running 
from . The following section now explores in greater detail these identified 
options at Necton 400kV.  

4.2 Point on Bar (PoB) Issue  
Through system studies in 2021, NGET identified that based on the contracted background of the 
connections and significant growth in load at Necton, a potential Point on Bar (PoB) issue could 
occur at Necton. A PoB issue refers to a situation where conductors in a multi-conductor system can 
experience diverging electrical conditions during operation which can reduce system performance, 
increasing imbalance in loads on the network. In turn this reduces thermal performance, increases 
transmission losses and can cause generation to become constrained.  

In the specific case of Necton, this PoB issue was identified as having the possibility of occurring 
during a busbar outage and from two distinct double-line fault conditions (1) after turn-in works and 
before the ASTI BTNO scheme completes and (2) post completion of the ASTI BTNO scheme and 
prior to the AENC scheme completing. After both the BTNO and AENC scheme are completed, the 
possibility of a PoB issue at Necton 400kV substation is removed.  

As outlined in the options table in section 4.4, NGET considered one approach to address the PoB 
issue before the completion of the ASTI projects. This included performing circuit transposition works 
on-site to balance the load on the substation and minimise the risk of negative outcomes from a 
potential PoB issue during busbar outages within predefined periods. 
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6. Detailed cost for preferred solution 
6.1 Introduction 
This section provides a breakdown of the overall costs and funding allowance request for Necton, 
including an expenditure profile for all Regulatory Years of delivery. 

The following cost estimate breakdown represents our latest view of costs for the proposed investment 
and all costs are presented in 2018/19 price base, unless otherwise stated. 

Appendix E Necton Cost Model submitted alongside this document provides a breakdown of the costs 
in more detail and should be reviewed alongside this chapter. 

This Chapter is broken down into the following sections: 

6.2  Total Allowance Request 

6.3. Cost Estimate 

6.4  Cost Firmness. 
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9. RIIO-T1 and RIIO-T2 allowances  
There were no investments proposed for this project during either RIIO-T1 or T2 business plans 
submissions and so no funding was received. The Project does not have funding through any other 
price control mechanism. 
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10. Assurance and Point of Contact 
Attached to this submission 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: Volume Driver Allowance 
Calculator  

An excel file demonstrating difference between total volume driver allowances the investment is 
eligible for, compared to total efficient costs is provided alongside this submission attached with title 
“Appendix A – Volume Driver Allowance Calculator – Necton – Jan 25 MSIP.xslm”.  
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Appendix D: CBA  

An excel files demonstrating the CBA for  the investment is provided alongside this submission 
attached with title “Appendix D – Necton CBA - Jan 25 MSIP.xslm”. 
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Appendix E: Cost Model 

Excel files demonstrating the funding allowance request for the investment are provided alongside 
this submission attached with titles: 

• “Appendix E.1 – Necton Cost Model - Jan 25 MSIP.xslm”. 

• “Appendix E.2 – Necton Estimated Inflation - Jan 25 MSIP.xslm”. 
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Appendix F: Glossary 
Acronym Definition 
ACL Available for Commercial Load 
AIS Air Insulated Switchgear 
ATF Automotive Transformation Fund 
BESS Battery Energy Storage System 
BNG Biodiversity Net Gain 
CATO Competitively Appointed Transmission Operator 
CBA Cost-Benefit Analysis 
DNO Distribution Network Operator 
EA Eligibility Assessment 
ECI Early Contractor Involvement  
EIA Environmental Impact Assessment 
EMFs Electromagnetic Fields 
EPC  Engineering, Procurement and Construction 
ESO Electricity System Operator 
EV Electric Vehicle 
FID Final Investment Decision 
FNC Final Needs Case 
GBA Green Belt Assessment 
GDP Gross Domestic Product 
GIB Gas Insulated Busbar 
GIS Gas Insulated Switchgear 
GSP Grid Supply Point 
GVA Gross Value Added 
iDNO Independent Distribution Network Operator 
kV Kilovolt 
LDO Local Development Order 
LEP Local Enterprise Partnership 
LOTI Large Onshore Transmission Investment 
MVA Megavolt Amperes 
NDP Network Development Process 
NG National Grid 
NGET National Grid Electricity Transmission 
OEM Original Equipment Manufacturer 
OHL Overhead Lines  
SDS System Design Specification 
SF6 Sulphur Hexafluoride 
SGT Super Grid Transformer 
SQSS Security and Quality of Supply Standard 
SWOT Strengths, Weaknesses, Opportunities and Threats 
tCO2e Carbon Dioxide Equivalent 
UG Underground Cable 
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