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Introduction

This project proposes to turn in the existing Windyhill – Lambhill – Longannet 275kV circuits in to the
Denny North 275kV substation, to establish a Windyhill – Lambhill – Denny North 275kV circuit and a
Denny North – Longannet 275kV circuit, to better balance the power flows over the B5 transmission
network boundary. The primary driver for this investment is to deliver a boundary capability increase
on network boundary B5. Networks studies have shown that this project can increase the boundary
capability by approximately 120MW in its delivery year, based on studies completed and submitted
to the NOA 19201, using an ETYS 2019 Y032 model with Two Degrees generation and demand
background. The exact boundary capability will vary as the demand and generation backgrounds
change, however these differences are assessed via the four scenarios and various sensitivities within
the NOA process and other TO studies. For example, this project has demonstrated an uplift on
boundary B5 increasing to up to 240MW by ETYS 2019 Y07 due to the changing generation.
In addition to increasing the boundary capability of boundary B5, the completion of these works are
enabling works for the East Coast 275kV Upgrade, a joint project with SPT and SHE Transmission, and
the Windyhill 275kV switchgear replacement, a non-load scheme to be carried out within the RIIO-T2
period. Given the dependencies of the other larger projects, these works are scheduled for
completion in 2021, two years ahead of the NOA 18/19 recommendation; the acceleration is justified
to ensure the timely delivery of the other projects. Also note that the earlier delivery date is supported
by a more detailed, stage by stage analysis of the construction outage constraints during delivery of
the Windyhill 275kV switchgear replacement project3 than considered in the NOA assessment.
It is currently anticipated that this project will deliver in 2021, therefore the majority of spend on this
project will be required in the T1 period to ensure delivery.

2

Background Information

Each year the ESO and the three GB TOs undertake the Network Options Assessment (NOA), which
assesses the needs of the GB consumer via boundary analysis, based on the Future Energy Scenarios
(FES) developed in that year, to determine the most economic, efficient and coordinated approach to
large cross-boundary network reinforcements.
Boundary B5 is internal to the SPT network area, running from the Firth of Clyde in the west to the
Firth of Forth in the east. This boundary is currently crossed by three double circuits, two at 275kV
and the third in the west one side operates at 400kV, the other at 275kV. In addition, the Kintyre to
Hunterston subsea link provides an additional two circuits that cross B5. This boundary splits the
demand groups into two zones.
The high levels of wind generation connected in Scotland and relatively small demand in the area,
significantly increases the power flows north to south, as with all of the SPT boundaries. As more
renewable generation is anticipated to connect in the north (both contracted background and across
all four FES scenarios), the necessity to increase the boundary capability to maintain an economic and
efficient system also increases. The effect of the additional generation north of B5 is clearly shown in
Figure 1. This graph shows the required transfers on B5 across each of the four Future Energy
See https://www.nationalgrideso.com/insights/network-options-assessment-noa
Electricity Ten Year Statement (ETYS) network models are prepared jointly by the TOs; the ETYS is published by the ESO, see
https://www.nationalgrideso.com/insights/electricity-ten-year-statement-etys
3
See EJP_SPT_SPNLT_2033
1
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Scenarios, overlaid on the capacity of the existing boundary B5, which is 3,700MW, based on boundary
studies carried out under ETYS 2019. It can be seen that the required transfers for unconstrained
generation are set to significantly increase in the next decade.

Figure 1. B5 economy required transfer.
In order to get the full benefit of a B5 reinforcement, additional capability is required on the B4
network boundary either in line with, or ahead of any B5 reinforcement. This leads to the NOA process
recommending that WLTI is completed at the same time as ECU2 (in 2023), however in order to better
balance the system during outages for the delivery of ECU2, the earlier delivery date of WLTI to 2021
ensures that the essential 2023 date of East Coast 275kV Upgrade (ECU2) can be met (please refer to
East Coast 275kV Upgrade justification paper).
Further, by completing the WLTI works ahead of the proposed asset replacement at Windyhill 275kV,
the constraints associated with construction outages for that project are reduced (engineering
justification paper reference EJP_SPT_SPNLT_2033 and the associated cost benefit analysis).

3

Optioneering

Over the last few decades, industry approved generation and demand profiles have continually
indicated the requirement for all of the transmission network boundaries within SPT’s area to be
reinforced. As such, many strategic options have been developed and assessed technically by SPT
(and other TOs where appropriate) and economically by the ESO via the NOA process to deliver the
most economic and efficient solution to meet the needs of the system due to the growing level of
generation in the north of the country.
3.1

Do Nothing

The base case for the NOA process is to not carry out transmission reinforcements, and continue in
the day to day management of boundary constraints through the balancing mechanism. The ESO will
make constraint payments to reduce boundary flows to within acceptable levels, by constraining off
generators to the north of the boundary, and replacing the generation by constraining on generators
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to the south of the boundary. This is an acceptable way of managing boundary constraints, however
this can lead to large costs ultimately paid for by the end consumer through their energy bill, as well
as the potential for renewable energy being displaced by finite resources, which is not economic or
efficient. For example, the ESO paid over £XXX in constraint payments in Scotland alone (not including
B6 cost) between April 2018 and March 2019, which continues the overall increasing trend of these
costs as renewables in Scotland increases. In addition to cost, as the level of embedded generation
on the system grows, the level of generation that cannot be managed by the ESO increases, making
boundaries harder to manage in this way.
In addition to the cost benefit analysis carried out as part of the NOA process, a detailed CBA has been
carried out for the completion of the Windyhill 275kV switchgear replacement (SPNLT2033), which
considers the cost of system outages during the construction phase of the project. These studies have
shown that in order to minimise the effect of the switchgear replacement on system constraint costs,
the turn-in of this circuit to Denny North is required.
3.2

Windyhill to Lambhill to Longannet 275kV Circuit Turn In to Denny North 275kV Substation
(WLTI)

The existing Windyhill to Lambhill to Longannet 275kV Circuit will be turned into Denny North to
create Windyhill to Lambhill/Denny North 275kV circuit and a second Denny North to Longannet
275kV circuit, removing the existing short cable section. On completion of the establishment of these
circuits the boundary capability of B5 is increased by approximately 120MW. In addition, the split in
the existing circuit minimises network outages for during the construction of Windyhill 275kV
switchgear replacement and East Coast 275kV Upgrade, reducing the constraint cost during system
outages and improving system accessibility.
The works required to facilitate the turn in are minimal, giving that the infrastructure in and around
Denny North was constructed to allow future development. The 275kV substation was laid out to
include space for the two new required bays to accommodate the new circuits; in which two new
switchbays include 275kV circuit breakers will be installed. The existing Windyhill to Lambhill to
Longannet 275kV circuit has a short cable section to the north of the existing Denny North substation.
Down leads will be constructed from the existing terminal towers, removing the cable section, into
the allotted bays within Denny North 275kV substation. Protection at all sites will be upgraded to
accommodate the changes.

4

Detailed analysis

Combinations of different boundary reinforcements are continually assessed by all three GB TOs and
the ESO through the agreement of the required transfers based on each year’s FES, the annual ETYS
process and through continual assessment via the connections process. Options considered as viable
for boundary uplifts will then be considered by the NOA process for economic assessment.
NOA 16/17 and each of the subsequent NOAs, the ESO has given the recommendation that WLTI will
be required in line with the ECU2 project, and therefore should be delivered by 2023. In order to gain
system access to deliver ECU2, WLTI requires to be completed in advance of the ECU2 construction
works, and therefore the advancement by two years from the NOA recommendation is justified by
SPT. The dependency of Windyhill 275kV Switchgear Replacement on this project is also a driving
factor for the advanced delivery date. Please see the relevant justification papers for the detailed
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justification of each of these projects (for East Coast 275kV Upgrade EJP_SPT_SPT200108_ECU2 and
for Windyhill 275kV Switchgear Replacement EJP_SPT_SPNLT_2033).
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.
Risks in this project have been minimised through the design and construction of Denny North
substation to accommodate the turn in to create the new circuits. The key delivery risk for this project
is the system outages required during construction, due to these circuits being key in East-West flows
on the supergrid network and other projects that require circuit outages in the area. The impact of
this risk is high, as outages are essential to complete the propose works, but the probability will be
minimised through early engagement with the outage planning teams both in SPT and the ESO.

5
5.1

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 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, some of which are related
to this project to 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.
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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
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 WLTI project is economically justified for delivery by 2023 for
all FES scenarios and has indicated it to be a “Critical option to Proceed”.
The proposed project is to turn in the existing Windyhill to Lambhill to Longannet 275kV circuit into
the existing Denny North 275kV substation by:
-

Installation of two new 275kV feeder switchbays at Denny North 275kV substation.
Construct down leads from the existing terminal towers within the existing circuit to the north
of Denny North substation and terminate into new 275kV switchbays.
Upgrade protection and control schemes at Windyhill, Lambhill, Denny North and Longannet
substations to accommodate the new circuits.

These works will be completed to provide approximately 120MW of additional boundary capability on
boundary B5 in 2021, and facillitate outages for the construction phase of both the East Coast 275kV
Upgrade project and the Windyhill 275kV switchgear replacement project.
The current programmed milestones are shown below.
Milestone
Detailed Design and Engineering
Consenting
Procurement
Construction
Commissioning
Project closure

Dates
Ongoing – Q1 2021
N/A
Q2 2021 – Q1 2022
Q3 2021 – Q1 2022
Q2 2021 – Q2 2022
Q3 2023

This project will deliver approximately 120MW boundary uplift on B5 with a total cost of £6.66m in
2021.
We are proposing to complete delivery of this project as part of our RIIO-T2 business plan, with an
anticipated spend of £3.95m within the RIIO-T2 period.
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Project Outputs

Asset Class
Circuit Breaker
Circuit Breaker
Overhead Tower
Line
Protection
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Name
275kV CB (Air Insulated Busbars)
(OD)
275kV Switchgear - Other
275kV Tower
Protection Schemes

Outputs included in RIIO T1 Plans

Not applicable.

Voltage

Units

Output

275
275

Each
Each

2
5

275
Other

Each
Individual Schemes

2
4

