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Introduction

This project is to reconfigure the existing network, reconductor and reenergise a section of deenergised overhead line and install a third SGT at Neilston 400kV substation to establish a second
Hunterston East – Neilston 400kV circuit. The primary driver for this project is to increase the fault
level around the Hunterston area of the network post the closure of Hunterston nuclear power station
to maintain the full north to south capability of the Western HVDC link. The current estimated date
of closure of the nuclear station is 2023, and therefore these works are scheduled for completion
ahead of this time. The output of this project is therefore a B6 boundary uplift of approximately
500MW.
It is currently anticipated that this project will deliver in 2022, therefore spend will be required in the
T1 period to ensure delivery.
This paper should be read in conjunction with Annex 21 – Strategic Investment Plan for Load which
explains the interaction of this scheme with others in the load related plan.
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Background Information

The main objective of the Western HVDC Link is to facilitate the connection of the high voltage
electricity transmission network in Scotland with that in England and Wales via a subsea HVDC cable
link, and provide 2.2GW of additional secured transfer capacity across strategic elements of the GB
electricity transmission system. The Link connects Hunterston in north Ayrshire, Scotland and Deeside
in Flintshire, North Wales. The 2009 ENSG Report “Our Electricity Transmission Network: A Vision for
2020” was updated in 2012 and confirmed that the main driver for the Western HVDC Link project
was the large volume of renewable generation connecting in Scotland and northern England, and was
required to facilitate the achievement of Governments renewable energy targets.
The power flow capability of Western HVDC Link, and therefore the capability to transfer power
between Scotland and England, is related to the technical characteristics of the transmission system.
One critical technical parameter is the ‘fault infeed’ available, or ‘system strength’, at the Hunterston
Converter Station. Large synchronous machines (coal, gas, nuclear and hydro generators) inherently
contribute to system strength. Non-synchronous generators (wind and solar generation) do not
contribute significantly to system strength. Since Western Link was first developed, the system
strength on the transmission system around the northern end has significantly reduced1 due to the
disconnection of synchronous generation – Longannet and Cockenzie power stations have both
closed. The closure of Hunterston nuclear power station erodes the system strength further, to a level
that would prevent the Western HVDC link from transferring energy at full capacity, reducing the
boundary capability of boundary B6 XX XX XX XXXXX XXX XXXXX XXX XXXXXXXXXX XXXXXXX XXX
XXXXXXXXXX XXXXXXXXXX. The table below indicates the relationship between fault level at
Hunterston and the capability of the HVDC link, which was defined by the manufacturer of the HVDC
convertor equipment installed.

1

EJP_SPT_SPT200137-142 provides a wider discussion on system strength.
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Fault Level at Hunterston Converter Station

HVDC Transfer Capability

Fault Level X XXXXXXXX

XXXX XXXXXX XXXXXXXX XXXXX XXXX XXXXXXX XX XXXX

XXXXXXXX X XXXXX XXXXX XX XXXXXXXX

XXXXX XXXX XXXXXXX XX XXXXXXX XXXXX XX XXXXXX
XXXXXXX XXXXX XX XXXXX

XXXXXXXX X XXXXX XXXXX XX XXXXXXXX

XXXXX XXXX XXXXXXX XX XXXXXXX

XXXXXXXX X XXXXX XXXXX

Power flow can reach maximum of 2400 MW (limited to 6
hours)

Given the current and projected level of required boundary transfers over the transmission network
boundary between Scotland and England (see Figure 1 below, which shows the existing capability
including Western at full north to south capacity), the cost of this reduction in capability to the GB
consumer in constraint costs would be significant. For context, in the period between April 2018 and
March 2019 the total constraint costs for boundary B6 was £XXXX, and from the graph, it can be seen
the capability is currently in line with required transfers (based upon Western Link having full north to
south capability).

Figure 1. B6 Economy required transfer.
Error! Reference source not found. shows the current B6 boundary capability at 5,700 MW. This is
due to a limitation on the NGET network, caused by a post-fault load overload of transformers at
Harker substation, which will be resolved by the uprating of those transformers. The current
maximum B6 capacity of the SPT system is 6,600 MW.
The reinforcement project proposed was developed as a network solution that would best utilise the
existing system to increase the fault level around the north end of the Western HVDC link to enable
operation to minimise cost to the consumer and to ensure that the works can be completed ahead of
the nuclear power station closure. After technical assessment, the proposed solution was then
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considered within NOA3 and NOA42 to assess economically, and was given strong proceeds each year
across all four FES scenarios. It is anticipated that the NOA5 will also recommend proceeding with this
project.

3
3.1

Optioneering
Do Nothing

As the generation pattern shifts from large centralised synchronous generation to dispersed
renewable generation, largely in the form of wind in Scotland, the reliance on the interconnectors
between Scotland and England, both north to south to provide access to demand markets for the
generators in Scotland, and south to north for demand security when renewable generation is
unavailable, will only increase over time. The need to significantly reinforce the B6 boundary is clear,
and works have been carried out to move from 2.7GW boundary capability in 2008, to 6.6GW in 2018.
Going forward, projected required transfers are set to increase to more than double this capability.
Since the Western HVDC Link was specified, the generation background in Scotland has dramatically
changed, far faster than was projected through the energy projections of the time, and the system
strength is significantly lower as a result. The need to transfer large amounts of renewable energy
from north to south has only increased, with the NOA process indicating that an additional two 2GW
links are required over B6 in the coming years, so the option of allowing the Western Link to operate
at a reduced capacity due to the closure of Hunterston nuclear power station would be incredibly
costly to the GB consumer. This is demonstrated by the strong signals across all four FES scenarios
from the NOA process to complete these works before Hunterston is closed.
3.2

Hunterston East - Neilston 400kV Reinforcement (HNNO)

It is proposed that the fault infeed around Hunterston will be increased by reconfiguring the circuits
between Hunterston East, Neilston and Devol Moor 400kV substations to create a second Hunterston
East – Neilston 400kV circuit, to feed a new 400/275kV super grid transformer at Neilston 400kV
substation. These works will be required to be completed ahead of the closure of Hunterston Nuclear
Power Station in order to maintain the full transfer capability of the Western HVDC link. EDF have
stated that the power station will be decommissioned in late 2023, however current performance
issues at the nuclear power plant indicate that permanent closure may be ahead of this date. In the
current programme of works, commissioning of these works will complete in October 2023.
Various different network configurations were studied to meet the objective of increasing the fault
level in this area, however using only network solutions, the reconfiguring proposed was the only
solution that increased the fault level by enough to maintain the capacity of the Western Link.
3.3

Synchronous Compensator at Hunterston

A potential option that will increase the fault level in the Hunterston area is the installation of a
synchronous compensator at Hunterston. At the time of writing, the ESO has made good progress
with its Stability Pathfinder project3, which aims to procure stability services across GB. The project
studied stability requirements in Scotland and concluded that in the order of 1500MVA of fault infeed
was required at Hunterston. The ESO is currently running tender phase 1 for stability services, for

2

3

See https://www.nationalgrideso.com/insights/network-options-assessment-noa
See https://www.nationalgrideso.com/publications/network-options-assessment-noa/network-development-roadmap
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providers that can start before the beginning of RIIO-T24. At this time, it is unknown if a suitable
stability service will emerge at Hunterston, as part of phase 1 or future tender phases.
If a suitable stability contract is not placed, or if it only provides a part of the requirement, our RIIOT2 business plan includes synchronous compensators that can be installed under an uncertainty
mechanism (engineering justification paper reference EJP_SPT_SPT200137). We are working closely
with the ESO on the Pathfinder project and will submit our synchronous compensator projects to
future tender phases as a TO participant.
HNNO and synchronous compensation (or suitable stability service) are being developed as
complimentary, as this combination provides the highest network benefit. HNNO is a network
reconfiguration that increases the fault level at Hunterston by up to 1200MVA under certain network
outage conditions and thereby substantially increasing the capacity of the Western Link under such
conditions. The proposed synchronous compensator at Hunterston complements this project by
raising the fault level further and gaining some additional Western Link capacity when the network is
more depleted, while also providing additional inertia to the system. It would have been an option to
install two synchronous compensators (or a single, larger machine) to achieve a similar fault level and
Western Link capacity. However, the cost of a synchronous compensator is significantly higher than
that of the HNNO project and would not be an economic or efficient solution. Also note that the
operational cost of the HNNO reconfiguration is minimal, compared to the operating cost (mainly
losses) of a synchronous compensator.
HNNO and a synchronous compensator would therefore work together to provide boundary capability
(by ensuring a wider operating window for the Western Link), system strength and improved system
restoration time in the event of a black start.
3.4

Detailed analysis

The requirement to increase the system strength at the north end of the Western HVDC Link is clear.
The current constraint costs related to B6 continue to increase as renewable generation in Scotland
increases, so the option of restricting the Western HVDC Link to below its maximum operating capacity
is too costly to the GB consumer to allow, as demonstrated by the outcome of NOA 17/18 and NOA
18/19, having received proceed signals across all four scenarios on both occasions on its earliest in
service date. The works proposed within this paper have been determined as the lowest cost and
quickest deliverable option to maintain the system fault level around the north of the Western HVDC
Link that ensures the capability of the link, and therefore SPT intend to deliver these works in 2022,
and continue to seek reductions in programme wherever possible for an earlier delivery date to reflect
the uncertainty around Hunterston nuclear power station.
Note that the costs have been built up from individual costs for each element and included in a bill of
quantities. The bill of quantities has been engineered from the design layouts developed for each
option. The basis of individual unit costs has been the SP Energy Networks MoSC (Manual of Standard
Costs) tool which makes reference to costs incurred during previous similar projects. Site contractor
costs have been derived from contract costs from previously executed similar projects by SP Energy
Networks in the RIIO T1 period.

4

Phase 1 tender closing 17 January 2020 for stability services starting between April 2020 and April 2021.
https://www.nationalgrideso.com/balancing-services/system-security-services/transmission-constraint-management?market-information
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There are significant risks involved in this delivery of this project around the status of Hunterston
nuclear power station. The reliability of Hunterston nuclear power station has proven in recent years
has been low, and at this current time the future of the station is in question. The overall purpose of
this project is to strengthen the system at the north of end of the Western HVDC link to allow full
power transfer under secured outage conditions ahead of the closure of Hunterston. When the
station is not in service, the system needs to be managed to deal with the reduction of system fault
level ahead of the completion of this project, which has significant impact on B6 boundary capability.
In addition, the power station being offline leads to outage difficulties in the area, and therefore
careful outage management, with consideration of B6 boundary capability, is required to ensure the
project can be delivered as programmed. Regular communication with Hunterston power station
owners EDF helps to manage the uncertainty around the station’s future, as well as early engagement
with outage planners in SPT and the ESO around the outage requirements of the project.

4

Proposed Works

It is proposed that the circuits between Hunterston East, Neilston and Devol Moor 400kV substations
will be reconfigured to create a second Hunterston East – Neilston 400kV circuit, feeding a second
400/275kV super grid transformer at Neilston 400kV substation. This will be done by the following
works:
- Retain approximately 10km of the previously de-energised Inverkip – Neilston 400kV circuit
and replace the conductor. The use of existing de-energised assets significantly reduces the
cost and time to complete this project as new routes and assets are not required.
- Remove the existing oil-filled cables and reconfigure to form new Hunterston East – Neilston
circuit
- At Neilston, install a new tower and span feeding into Neilston 400kV substation.
- Establish a new 400/275kV 1000MVA supergrid transformer, a new 400kV circuit breaker, a
new 275kV circuit breaker and associated switchgear on both sides.
These works will be completed to ensure that under intact conditions the Western HVDC Link is
capable of its full capability from north to south, and under N-D conditions can still transfer up to
XXXGW of power.
The existing system in the Hunterston area is detailed in Figure 2. Existing network configuration and
the resulting system on project completion in Figure 3.
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Figure 2. Existing network configuration

Figure 3. Hunterston East - Neilston reconfiguration.
The current programmed milestones are shown below.
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Milestone
Detailed Design and Engineering
Consenting
Procurement
Construction
Commissioning
Project closure
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Dates
Ongoing – Q3 2020
Ongoing – Q3 2021
Q3 2019 – Q3 2021
Q4 2020 – Q1 2023
Q2 2021 – Q4 2022
Q1 2023

Future Pathways – Net Zero
Primary Economic Driver

The primary driver for this investment is the changes we are seeing in the energy system, primarily
from the connection of new renewable generation. This project is a key enabler to creating the most
economic reinforcement to allow new generation to meet the demands across Great Britain. From the
evaluation of the project in the NOA process, this project is fully justified.
5.2

Payback Periods

A standalone CBA has not been created for this project. The ESO has evaluated it as part of the NOA
process against other build and non-build options. With even greater volumes of renewables being
required to achieve the Net Zero targets, we expect this will only reinforce the need for the project in
future NOA reviews.
5.3

Pathways and End Points

The network capacity and capability that result from the proposed option has been tested against and
is consistent with the network requirements determined from the ETYS and NOA processes.
Additionally, the proposed option is consistent with the route-specific capacity requirements from
SPT’s Energy Scenarios.
5.4

Asset Stranding Risks

Further strategic reinforcements have been proposed as part of NOA 5 (2019/20) driven by the
significant increases in required transfers in the coming years, the results of which will be available in
January 2020. A number of new proposals have been made for this annual review which provide
further complimentary increases to the network capacity. None of these would negate the need or
create a risk that is obvious at this point in time.
5.5

Sensitivity to Carbon Prices

Any changes to carbon prices may only increase the need for this project. At present the project is
being progressed to deliver in line with the earliest in-service date possible.
5.6

Future Asset Utilisation

It has been assessed that the preferred option is consistent with the future generation and demand
scenarios and that the risk of stranding is very low.
5.7

Whole Systems Benefits

This project has been coordinated with the non-load programme to maximise efficiencies. This project
has been developed in coordination with the other TOs and the ESO to ensure it is consistent with the
overall development of the GB Main Interconnected Transmission System. This project will also be an
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enabler for further generation to be connected and able to export unconstrained across the GB
system.

6

Conclusion

The NOA process has identified that the HNNO project is economically justified for delivery by 2023
for all FES scenarios and has indicated it to be a “Critical option to Proceed”.
This project will deliver approximately 500MW of B6 boundary capability in 2022, at a total cost of
£23.41m. We are proposing to continue delivery of this project as part of our RIIO-T2 business plan,
with an anticipated spend of £22.58m within the RIIO-T2 period.
Asset Class
Cable
Circuit Breaker
Circuit Breaker
Circuit Breaker
Circuit Breaker
Overhead Line Fittings
Overhead Tower Line
Overhead Tower Line
Transformer
Protection
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Name
275kV UG Cable (Non Pressurised)
275kV CB (Air Insulated Busbars) (OD)
275kV Switchgear - Other
400kV CB (Air Insulated Busbars) (OD)
400kV Switchgear - Other
400kV Fittings
400kV Tower
400kV OHL (Tower Line) Conductor
400kV Transformer
Protection Schemes

Outputs included in RIIO T1 Plans

Not applicable.

Voltage
275
275
275
400
400
400
400
400
400
Other

Units
km
Each
Each
Each
Each
Each
Each
km
Each
Individual Schemes

Output
1.575
1
3
2
7
29
29
10
1
14

