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Legal Disclaimer and Copyright 
This guidance document has been prepared by National Grid Electricity System Operator 
(NGESO) and is provided voluntarily and without charge. Whilst NGESO has taken all 
reasonable care in preparing this document, no representation or warranty either 
expressed or implied is made as to the accuracy or completeness of the information that 
it contains. Parties using the information within the document should inquire about its 
accuracy and suitability for the purpose for which they use it. Neither NGESO nor any other 
companies in the National Grid plc group, nor any directors or employees of any such 
company shall be liable for any error or misstatement, or opinion on which the recipient of 
this document relies or seeks to rely other than fraudulent misstatement or fraudulent 
misrepresentation and does not accept any responsibility for any use which is made of 
the information or the document or (to the extent permitted by law) for any damages or 
losses incurred. 
Copyright National Grid ESO 2023, all rights reserved 
 
Document purpose 
This document was created following engagement from the Department for Energy 
Security and Net Zero (DESNZ) with information collated from teams across NGESO to form 
part of an initial high-level impact assessment for placing new nuclear power generation 
sites in England and Wales. 
 
The information contained in this document is based on engineering knowledge and 
judgement. We have included metrics on the local network, operability, and constraints 
(wider network). However, as this report does not include any outputs from formal 
assessment processes such as electrical studies by the transmission owner or economic 
constraint analysis, the results should be taken as highly indicative. 
 
Constraint costs are the costs incurred by the ESO (and therefore ultimately borne by the 
end consumer) because of actions taken to balance generation and demand when there 
are restrictions to the flow on the wider network. The economic study on the projected 
frequency of future constraint costs helps determine when wider network capital 
expenditures (also borne by the end consumer through the regulatory framework) are 
required. 
 
Insights provided were based on an adapted Leading the Way scenario from our Future 
Energy Scenarios (FES). The adaption was for removing existing Small Modular Reactors 
(SMR) from the scenario and considering the potential sites provided for operating from 
2034. 
 
The sites and capacities considered are: 
 
XXX 
Wylfa (up to 2350 MW) 
XXX 
 
All information provided is intended to be used as initial guidance in supporting the early 
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This document explores how the network could react to connecting a new SMR site at one 
of the ten locations by highlighting possible benefits and concerns associated with 
Network Operability and System Capability. 
 
Each viewpoint combines complex sets of criteria which are described at a high-level 
below: 
 
Network operability 
Various factors are considered when determining how suitable a connection point could 
be from a network operability perspective. The insights outlined in this study are a 
combination of: 
The ability to support the Scotland, England, and Wales networks with inertia and short-
circuit level (SCL), 
 Inertia: Many generators producing electricity for the grid have spinning parts – they 
rotate at the right frequency to help balance supply and demand and can spin faster or 
slower if needed. The kinetic energy ‘stored’ in these spinning parts is our ‘system inertia’. 
 Short-circuit level (SCL): This is the current flow on the system during a fault. These 
faults can be caused by a lightning strike, weather conditions, or equipment failure. During 
the fault, the system can see a direct connection to the earth and current flows from all 
sources into it. SCL is vital during such a fault as it helps us to maintain system voltage. 
The bigger the current the stronger the system. 
Network stability capability (acknowledging upcoming stability products and services 
being planned across the system via Stability Pathfinder projects), 
Network Stability Capability: Stability has traditionally been supplied as an inherent by-
product of synchronous generation. More asynchronous generation continues to drive a 
decline in the system’s inherent stability, with a gradual reduction in system inertia, SCL, 
and reactive power support. Stability requirements are currently met (after-market 
dispatch) by synchronising generators. 
 Stability Pathfinder: This is a set of projects which look for the most cost-effective way 
to address stability issues in the electricity system created by the decline in transmission-
connected synchronous generation. 
Network stability needs and system performance, by assessing what active (and planned) 
generators are connected to the area (associated with levels of non-synchronous 
generation in the area). 
 Existing/planned generator connections: Generators (and interconnectors when 
importing) supply power in different ways. Inverter Based Resources (IBRs) are 
interconnectors (importing) and generators such as wind farms, batteries, and solar. IBRs 
don’t support network stability in the way that synchronous plant does. 
Nuclear (SMR) generation is a form of synchronous plant, which would support system 
stability requirements if placed into an area of predominant-or-total IBR supply. 
System capability 
Various aspects of the national grid are considered when assessing the connection of a 
new generation site from a system capability perspective. The following information was 
evaluated to present insights into each location: 
Local grid infrastructure and its ability to cope with an SMR generator capacity, 
 Location: If any new SMR generators are a long distance from the current or planned 
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transmission network, new transmission circuits and substations will be required to 
connect. Cost increases with distance from the current network. 
 Capacity: Many transmission sites (substations) already have generation connected to 
them or have plans for new connections. Any new SMR connections will need to fit within 
the loading limits of the connections site, not just under intact conditions but under the 
SQSS requirement during fault and outage conditions. 
SQSS (The Security and Quality of Supply Standard set out the criteria and methodology 
for planning and operating the National Electricity Transmission System (NETS)). 
 Infeed Loss: The transmission network must be resilient to faults. The total amount of 
generation connected to any one point cannot exceed the amount of response available. 
This can limit the generation possible to connect to any point. 
Response to unplanned circumstances (such as loss of generation in an area) is 
something National Grid ESO are obliged to plan for as part of the licencing rules. There 
are different types of responses available. (For more info, please visit Frequency response 
services | National Grid ESO) 
 Voltage Control: Voltage management is something that cannot be done from long 
distances. Having the voltage control services of a generator local to where it is needed is 
beneficial. 
Long-distance transmission capability and congestion, 
 Congestion: If new generators are added to part of the network with high flows from 
other generators, they would be loading additional congestion to the ‘route corridor’. This 
could increase overall network constraints depending on when (e.g., before 
reinforcement) and where these are placed (e.g., within, or adjacent to a highly congested 
part of the network). 
 Future Network Reinforcement Schemes: Any planned reinforcement schemes 
planned may help alleviate network constraints introduced by additional generation 
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Wylfa XXX 
Of the XXX options considered in Wales, Wylfa is the largest project considered as part of 
this study with an estimated new SMR capacity of 2.35GW (XXX). 
XXX 
The TEC register shows six separate projects connecting into the Wylfa 400kV substation 
between 2024 and 2033 – delivering a combined 5.52GW capacity, XXX. This activity and 
interest along the area have triggered reinforcement across Wales to accommodate the 
additional capacity, and any additional capacity is likely to trigger more. 
 
Network Operability: A nuclear connection in Wylfa XXX should add value in terms of 
network stability, and support inertia concerns when considering the upcoming renewable 
power generation projects (as shown in the TEC register), however of the XXX options, 
Wylfa could potentially provide greater benefits due to the proximity of incoming 
generation connections. 
 
System Capability: There is a strong chance of conflicting with offshore wind generation 
projects, stemming from the Irish Sea and from being brought down from ‘Scotwind’ 
projects. Multiple network reinforcements are being developed to bolster North Wales’s 
transmission capacity however XXX connections is likely to require more. 
Constraint Costs: XXX due to the potential to install up to XXX SMRs at Wylfa, Wylfa has a 
greater impact on constraint costs XXX. 
 
Wylfa could reduce constraint costs by an average of £27.8m per year based on its 
maximum 2350MW capacity. The optimum commissioning year for a nuclear facility at 
Wylfa is 2037. Commissioning this site in 2034 could see an average annual increase to 
constraint costs of £17.6m until then. 
 
XXX 
Overall: XXX connections looks highly likely to add to a range of reinforcement schemes in 
development for the area. If XXX these sites is considered a strong option it may need to 
be part of the wider reinforcement discussion as soon as possible to ensure a holistic 
strategy for the area, and impact on the network is considered. This would require early 
engagement with NGET and NGESO. From an economical perspective, Wylfa could reduce 
constraint costs by £1.1bn (1.9% saving) over a 40-year lifespan, XXX 
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Economical Assessment 
An economic assessment was carried out to indicate the wider implication of new nuclear 
connections regarding constraint costs. The analysis carried out shows the level of change 
to constraint costs for each connection option in individual scenarios. 
 
 Constraint Costs: These are the costs incurred by the ESO, in taking balancing actions 
needed to balance generation and demand when there are flow restrictions on the 
network. These costs are borne by consumers. 
 
This analysis aims to complement the insights outlined throughout the document and 
provide an economic output towards the site selection process. It may also provide a 
basis for discussion for scoping out a site-combination assessment 
  
XXX 
 
Ideally, the economic analysis would be completed in parallel to electrical studies so that 
the data used in the economic analysis is as accurate as possible. However, electrical 
studies were out of scope for this assessment therefore the network was assumed 
unchanged from the Leading the Way scenario other than those noted in the assumptions 
above. 
 
Two sets of analyses have been performed for each site: 
Each new site is modelled with a maximum 940MW capacity, to identify locational 
advantages 
Each new site is modelled at an estimated maximum capacity, as set out in this report, to 
further identify the wider impact of constraints. 
 
All costs shown within this section have been discounted and provided based on a 40-
year life span for the new nuclear SMR installations. Therefore, costs are shown in Present 
Value. 
 
 
NB: Economic results within this report were a product based on the FES22 scenario 
‘Leading the Way’ model (adapted as highlighted above) and GB energy market 
conditions at the time of writing. Under these conditions, there is a strong correlation 
between reduced constraint costs and the ability to export generated power in England 
and Wales through interconnectors. 
 
If the GB energy market was to change its pricing conditions, for example, were a form of 
locational energy pricing introduced, evidence suggests interconnectors could behave 
differently. This could have an impact on the results shown in this report, therefore further 
detailed analysis which includes these sensitivities is advised before using data within this 
report to make any final decisions for site locations. Current and alternative market 
conditions are being reviewed, discussed, and investigated both by National Grid ESO and 
across the wider industry. 
XXX 
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Constraint Costs 
Option constraint costs are calculated by identifying the difference between the base 
model (in this case an adapted Leading the Way scenario) and the site options simulated 
as part of this study from the year 2034 (assumed first SMR commissioning date). Costs 
are discounted in line with the expected 40-year lifespan of a nuclear generator to 
provide a Present Value. 
XXX 
 
Costs across the two scenarios (940MW vs Estimated Maximum Capacity) 
Table 2 (below) shows the rankings of the highest to least constraint cost savings for each 
site across both the ‘940MW Capacity’ and the ‘Estimated Maximum Capacity’ scenario 
XXX 
Comparing the 940MW Capacity results (on the left), with the Estimated Maximum 
Capacity results (on the right) shows the benefit of having a higher capacity installed at 
any given location. 
XXX 
 
40MW Capacity Scenario | Locational Assessment 
The analysis comparing a maximum of 940MW generation was designed to provide a fair 
look at how the geographical location of each site can impact the constraint costs. 
Figure 5 (below) shows the average annual constraint cost savings for each site. 
XXX 
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