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Introduction

The project outlined within this paper builds upon earlier project East Coast 275kV upgrade (ECU2)1,
also included within the RIIO-T2 business plan. These are both joint projects between SP Transmission
and SHE Transmission as they span the boundary between both license holders, and increase the
network capability of boundary B4.
The proposal within SPT’s area is to reprofile the existing circuit between Kincardine within our area
and Kintore/Tealing within SHE Transmission’s area to 400kV operation, and install four 1,100MVA
transformers at Kincardine substation to facilitate the new voltage level into the existing system as
shown in Figure 1.

Figure 1 Proposed Kincardine 400/275kV
The primary driver for this investment is to deliver an incremental increase in boundary capability
across the transmission network boundary B4 following the completion of East Coast 275kV Upgrade
(ECU2). Networks studies have shown that this project can increase the boundary capability by an
additional approximately 400MW based on studies completed and submitted to the NOA 19/202 in
agreement with SHE Transmission, using an ETYS 2019 Y103 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. Discussions with SHE Transmission on the
actual uplift to be considered and the final figure may be revised. These works are scheduled for
completion in 2026.

1

See EJP_SPT_SPT200108_ECU2.
See https://www.nationalgrideso.com/insights/network-options-assessment-noa
3 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
2
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It is currently anticipated that this project will deliver in 2026, however development spend will be
required in the T1 period for the works at the existing Kincardine substation, with the majority of the
spend within the T2 period and delivery early T3.

2

Background Information

Each year the ESO and the three GB TOs undertake the Network Options Assessment, 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.
Transmission network boundary B4 separates the transmission network at the SPT and SHE
Transmission interface. The boundary is crossed by two 275kV double circuits, one from
Kintore/Tealing to Kincardine and one from Tealing to Westfield in the east, two 132kV double circuits
from Sloy to Windyhill in the west, two 275/132kV supergrid auto-transformer circuits at Inverarnan
and the double circuit from Beauly to Denny North, one circuit of which operates at 400kV and the
other at 275kV. The Kintyre to Hunterston 220kV subsea cable link provides two additional circuits
crossing B4 between the 132kV substation at Crossaig in Kintyre and the 400kV network at Hunterston
in Ayrshire.
The high levels of wind and hydro generation connected to the north of B4 and very little demand in
the area lead to increasing power flows over B4 north to south into the SPT area, and on into the NGET
area via B5 and B6. 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 B4 is clearly seen in Figure 2. This graph shows the required transfers on B4 across
each of the four Future Energy Scenarios, overlaid on the capacity of the existing boundary B4, which
is 3,200MW, based on boundary studies carried out under ETYS 2019. This capacity is based on a
thermal limitation for a double circuit fault on the circuits in the west. It can be seen that the required
transfers for unconstrained generation are set to more than double in all of the scenarios in the
coming years, clearly demonstrating the requirement to reinforce this network boundary. This clear
view for the need to reinforce has been the case in the last few years’ iterations of the FES/ETYS/NOA
process, with large reinforcements being indicated as a requirement on boundary B4 since NOA2
(16/17), with the anticipation that this need will continue in the coming years.
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Figure 2. B4 Economy required transfer
Following the completion of the ECU2 East Coast 275kV upgrade, which must be completed ahead of
this project, the boundary capability will have increased to approximately 3,950MW (please note,
ECU2 gets a boundary increase of approximately 800MW, however by 2023 the base capability of
boundary B4 is anticipated to drop by 2023 to 3,070MW due to changes in the generation background
from FES ‘18 with the connection of wind generation near the boundary B4 circuits).
Please note that for ECU2 and ECUP, all works must be considered in parallel with SHE Transmission
corresponding works as there is no consumer benefit to completing either one without the other.

3

Optioneering

Over the last few decades, industry approved generation and demand profiles have continually
indicated the requirement for B4 reinforcement. As such, many options have been considered to
deliver the most economic and efficient solution to uprate boundary B4 to meet the needs of the
system due to the growing level of generation in the north of the country. In the past, works have
already been completed to upgrade this boundary, most notably the construction of Beauly – Denny
400kV overhead line, and the installation of the Crossaig – Hunterston subsea cables in recent years.
Each potential project that offers an incremental uplift on this boundary is considered within the
annual NOA process to provide the TOs economic signals on which of the project to invest in in the
following year. The following projects have been considered within the NOA process in previous years
that have the potential to increase the capability of boundary B4, either in isolation or with other
system benefit, and can be viewed as alternative or complimentary to the East Coast 275kV upgrade.
3.1

Direct Alternative Options

3.1.1 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
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generators to the north of the boundary, and replacing the generation by constraining on generators
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.
3.1.2 East Coast 275kV Upgrade (ECU2)
The option being proposed as the most preferred solution to reinforce boundary B4 are incremental
projects, which utilise the existing transmission infrastructure to minimise construction time, cost and
environmental impact.
Engineering Justification Paper EJP_SPT_SPT200108_ECU2 provides details of the first stage of these
projects, the East Coast 275kV upgrade, which must be completed ahead of this project, to deliver an
interim additional boundary capability on B4 ahead of the completion of the East Coast 400kV
incremental reinforcement.
Both ECU2 and ECUP are joint projects with SHE Transmission, with more extensive works to be carried
out within SHE Transmission’s area, for which SHE Transmission will provide justification separately
within their RIIO-T2 business plan. The works in SPT’s area involve the reprofiling of the existing
Kincardine to SHE Transmission border 275kV circuit, and the Longannet to SHE Transmission border
275kV circuit to 65°C operation, to increase the boundary capability on B4 by 880MW in 2023. Further
detail of this project is available in the project specific justification paper.
An alternative to the 400kV incremental option would be to stop once the 275kV works are completed,
however, there are strong signals through the NOA process, as well as additional CBA work carried out
specifically for the east coast network strategy to complete both stages of the incremental works, first
stage by 2023 and second by 2026.
3.1.3 East Coast 400kV Incremental Reinforcement (ECUP)
This project which is being proposed within this paper is the second stage in the incremental approach
to the strategy to increase the boundary capability of boundary B4. This project can only be delivered
on completion of the first step detailed above. Once the circuits, detailed below in Figure 3, are
uprated to 65°C operation at 275kV, the circuits through SHE Transmission’s area, from Blackhillock,
Peterhead, New Deer, Rothienorman, Kintore, Fetteresso, Alyth and SPT’s Kincardine will be uprated
to 400kV operation, which will further increase the boundary capability by approximately 400MW, in
addition to the capacity realised by the first stage.
Again, this project spans both licence areas with this paper being for the SPT works only, but both TOs
must complete their own works in order for the system benefits to be realised, and they will be carried
out in a coordinated manner.
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Figure 3. ECU2 upgrades.
The SPT specific works to increase the operating voltage of this double circuit to 400kV is to reinsulate
the existing tower line and conductors, and the extension of the existing Kincardine substation and
installation of four new 1,100MVA 400/275kV supergrid transformers, to accommodate the new
voltage level into the existing network. It is anticipated that the cable section at Kilbagie will not
require further works as the new rating from the first stage project will be sufficient for 400kV
operation. These works are scheduled for completion in 2026, and will provide approximately
400MW of additional capacity to boundary B4, bringing the total capacity up to around 4,200MW (by
2026 the base capability of the network drops from 2023 due to the changing generation background).
3.1.4 East Coast Onshore 400kV Reinforcement
This project is the combination of the two-stage approach outlined in the two sections above. The
resulting network and boundary uplift on boundary B4 is the same as the combination of ECU2 and
ECUP but at the time of NOA4 could be completed a year ahead of the combination, with an Earliest
In Service Date of 2025. The benefit of completing these works in one stage is minimising operational
cost in the construction phase of the project, however the boundary uplift is delivered in one large
step, as opposed to being able to have the additional power transfer capability for the three years
between completion of the first stage of the incremental works, and the straight move to 400kV. This
option has been discounted in favour of the two stage approach outlined in section 3.1.2 and 3.1.3
above, due to the clear economic benefit seen by the ESO through NOA4 and through the Eastern
Reinforcement CBA. Given the NOA18/19 signal to ‘Do not start’, the EISD for this project would now
be 2026, and therefore the year’s additional benefit on the delivery of ECU2+ECUP is eroded and was
not submitted for consideration within NOA19/20.
3.2

Alternative/Complimentary Boundary B4 Upgrades

3.2.1 East Coast HVDC Subsea Reinforcement from Peterhead to Northern England (E4DC/E4D2/E4D3)
A further project that has been developed that increases the boundary capability of boundary B4, as
well as a number of other network boundaries is the joint SHE Transmission/National Grid project to
construct a subsea HVDC interconnector from Peterhead in the north to a location in the north of
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England (Hawthorn Pit, Drax or Cottam are being considered). This project delivers approximately
2GW of additional capacity over each of the network boundaries it spans, from boundary B2 in the
north to boundaries B6, B7, B7a or B8 in the south, depending on the southern landing point. This
project cannot be delivered ahead of 2028 and has considerably higher capex than any other solution
being considered to reinforce boundary B4. Although this project will not be delivered or owned by
SPT, given the interdependency of all of the Eastern Reinforcement projects, including any Eastern
HVDC link or onshore alternative, we are heavily involved in this project during this early development
stage to ensure that the most economic, efficient and coordinated overall strategy is developed for
the GB network as a whole for the end consumer.
3.2.2 Denny North SGT2 (DNEU)
The installation of a second supergrid transformer at the existing Denny North 400/275kV substation
would provide a small boundary uplift, approximately 100MW, on boundary B4 for relatively small
cost, given that the existing substation has been designed to accommodate this transformer once the
system need for this installation is demonstrated. The Earliest In Service Date submitted with this
project for NOA 18/19 was 2022, however it is included as enabling works XXX X XXXXX XXXX XXXX
XXXXXXXXXX XX XXX XXXXXXXXXXXXXX XXXXXXX XXXX to be completed by 2026. This option is not
considered to be a viable alternative due to lower amount of boundary uplift that it would achieve.
3.2.3 Commercial Solutions
For the first time NOA 18/19 considered the possibility of a commercial solution as either alternative
or complimentary to traditional transmission build solutions. These types of solutions would see the
ESO enter into contracts with third parties, such as generators, that would be paid to act in the cases
where the existing boundary limitations are present, to effectively increase the boundary capability at
times other than at Winter Peak, and reduce the need for the existing constraint management. The
use of such a solution as a function of the NOA process is in its infancy, as the potential for this type
of market is currently being developed, however at this current time the upward trend in required
transfers are of a magnitude that such a solution would only assist with managing constraints on a
year round basis, rather than alleviating the problem, and therefore build solutions must continue to
be progressed.
3.2.4 Further NOA Options
The NOA 18/19 issued proceed signals for a significant level of transmission network reinforcement
across all of the North Region, from B0 down to B8. In addition to the developed projects submitted
by the TOs, the NOA process gave proceed signals to notional reinforcements, which equated to an
additional 2GW of transmission network capacity spanning B2 to B8. In response to this
recommendation, and to the trend of increasing required transfers north to south, the TOs this year
have submitted additional reinforcements into the NOA 19/20 which are less developed but will be
used to further identify system needs in the coming years. In addition to a further Eastern HVDC link
spanning each of the afore mentioned boundaries, SPT submitted several new onshore options which
built on the existing network to increase the boundary capability of B4 and B5. These options are very
early within the development process, and are to be considered as complimentary to the existing
projects, as it is clear that there is need for significant reinforcement. Each of the new projects will
help to demonstrate the requirement for existing more developed options, as well as additional
reinforcements.
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Detailed Analysis

Projects that reinforce the B4 boundary led by increasing renewable generation Scotland have been
in the pipeline for many years. The most notable recent project to increase this boundary capability
was the completion of the Beauly – Denny 400kV Reinforcement, which created the first 400kV circuit
through SHE Transmission’s area. At the time of the development of this project, it was compared
technically and economically to this project in the East, as well as various other options that would
increase the capability of this boundary. At the time the Beauly – Denny project was the most
economic and efficient solution, however the works on the East Coast were always seen as the next
logical step due to the magnitude of new generation connection in the North East of Scotland. The
project to upgrade the east of the network was developed further in 2012, with a view to deliver at
that time, however again the economic analysis determined this was not fully justified at that time
and the project was halted. Through the whole-system planning processes that predated the NOA
process, this project and its alternatives were continually assessed against system need.
Since NOA 16/17 (published in January 2017), the ESO has provided the TOs the signal that ECU2
completed by 2023 would provide an economic system benefit. NOA 17/18 reiterated this with a
strong proceed across four scenarios for ECU2 to be delivered by 2023, with a further strong signal for
the works to be closely followed by ECUP for completion in 2026, also across all four scenarios. Both
of these projects then received the same result for proceeding in 18/19.
Following the proceed signals for ECU2 and combinations of larger Eastern reinforcements from NOA
16/17, and the strengthening signals from NOA 17/18 for both ECU2, ECUP in combination with two
Eastern HVDC links from Peterhead and from Torness, and SPT’s Denny – Wishaw 400kV
reinforcement project, the three GB TOs formed a working group to determine the most economic,
efficient and coordinated strategy for the uprating of the east side of the Scottish and North of England
network, with the view to submitting an initial needs case for the required projects as part of the
Strategic Wider Works process. As a part of these works, the TOs engaged the ESO to complete a
detailed Cost Benefit Analysis to build on the existing NOA outcomes specific to the projects on the
east of the Scotland and northern England network, considering sensitivities around generation and
demand background, varying cost and delivery dates, as well as constraint costs throughout the
construction period. Detail of this analysis can be found in Annex 4: Strategic Investment Plans - Load,
however in relation to the East Coast 400kV Incremental Reinforcement project, the CBA was used to
scrutinise the need for these works in combination with the proposed Eastern links, as well as the
staged approach to completion, and the result mirrored that of the NOA process – that there is
economic benefit to delivering the 275kV uprating ahead of reinsulating to 400kV, and compliments
the construction of both Eastern Links.
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.
There are several risks that have been identified that will need to be managed during the development
and delivery stages of this project.
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The circuits involved in this project form eastern interconnectors between SHE Transmission and SPT.
Careful coordination will be required to ensure that works are carried out with the most efficient use
of system outages, minimising any disruption over the B4 boundary. Early discussion on required
outages and deliver programmes are underway which will help to minimise this risk.
Installation of transformers at the existing Kincardine site will carry risk given that the existing site is
on a known flooding site. The existing 275kV switchgear that has been installed at Kincardine has
been built on stilts to raise the equipment above the required flood level, and similar mitigation will
be required to protect any new installation at Kincardine. It is currently proposed that the transformer
bunding will be designed to mitigate the flood risk, however further detailed design works will be
carried out to mitigate this risk. The substation layout at Kincardine substation was specifically
designed with future development considered. The substation has been designed to accommodate
all four new SGTs, in addition the layout will accommodate a new 400kV GIS switchbay which would
allow for extension to strengthen the SPT supergrid. Note however at this stage only the transformers
and disconnectors are to be installed as the system need is not yet clear to justify the construction of
a full 400kV substation at Kincardine.
To gain access to complete the works on the transmission circuit, there are several distribution
overhead line circuits that will be required to be re-routed or undergrounded. Early interaction with
the distribution network owner will ensure that these works are undertaken in a timely manner as to
not affect the transmission programme of works, and addition cost has been included within the
transmission project to allow for this.
There is also a risk in the inclusion of this project in the NOA process that the need changes to reflect
the next iteration of the ESO’s FES. This probability of this risk materialising is low. This project has
been technically and economically assessed annually to ensure the need still exists, and it has been
demonstrated in each iteration of the NOA process that the need to deliver this project in on
completion of the East Coast 275kV upgrade in line with the EISD of 2026 has strengthened as the
uncertainty is reduced. The upwards trend in the connection of generation in Scotland is set to
continue, and would require a radical directional change against all of the government targets and
current climate change appetite, for this need to not materialise.

5

Proposed Works

The proposed works are:
Reinsulate the existing 275kV double circuit, 10.33km in length, between Kincardine and the SHE
Transmission border to 400kV operation and install 4x1,100MVA 400/275kV transformers with
associated switchgear at Kincardine substation (proposed electrical layout shown in Figure 1).
The reinsulation will achieve the following increased ratings, as per TGN(E) 026 Issue 4 for 2x400mm2
Zebra ACSR conductor at 400kV at 65°:
Winter

Autumn

Summer

Amps MVA Amps MVA Amps MVA
Pre-Fault Continuous

1930

1340

1820

1260

1630

1130

Post-Fault Continuous

2300

1590

2170

1500

1940

1350
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The works to reinsulate will require additional insulator discs to be added to each insulator string and
replacement of jumpers and fittings to allow the circuit to operate at the higher 400kV voltage.
When this project was initially developed, it was anticipated that only two new 1100MVA SGTs would
be required to be installed at Kincardine to deliver an economic boundary transfer capability (albeit
the site would have been laid out for installation of a further two transformers, bringing the total to
four). The rated winter post fault capacity of twin zebra at 400kV is 1590MVA, which, should only two
new transformers be installed, the limiting factor in the circuit would become the transformers
themselves, given the boundary capability is based on an SQSS assessment under N-1 conditions. The
move to install four SGTs allows the full capability of the line to be realised, which due to the increase
in required transfers since the project was first developed is now determined as required. This would
also apply should the conductor be uprated to twin Totara in the future, for under load or non-load
drivers (twin Totara at 400kV operating at 90°C has a post-fault continuous winter rating of 2860MVA).
These works will be completed to provide approximately 400MW of additional boundary capability on
boundary B4 in 2026 in response to the increasing boundary transfers anticipated with additional
generation connecting in the north of Scotland.
The current programmed milestones are shown below.
Milestone
Detailed Design and Engineering
Consenting
Procurement
Construction
Commissioning
Project closure

Dates
Ongoing – Q1 2023
Ongoing – Q2 2025
Q3 2021 – Q3 2025
Q3 2022 – Q4 2025
Q1 2024 – Q1 2026
Q4 2026

These works must be completed in coordination with SHE Transmission’s works detailed within this
paper and in Annex 4: Strategic Investment Plans - Load, and can only be delivered on completion of
the East Coast 275kV Upgrade.
The existing circuits on the East between SHE Transmission and SPT are nearing their expected end of
life, given that they were installed in the 1961. As such, careful coordination has been carried out with
the non-load plan to maximise the use of resources and outages, and to minimise cost and the risk of
stranded assets. In advance of the development of the non-load programme, condition assessments
were carried out on all of the SPT overhead line circuits, focussing initially on the assets that were of
an age that would normally require intervention. The existing 275kV double circuit between
Kincardine substation and the SHE Transmission border has been well maintained and are of the
following asset condition:
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Condition
ACSR Zebra (core only greased) installed in 1961. Corrosion monitoring
inspection carried out along spans XL001-002-003 and XL031-032 (KINCFETT cct. bottom phase) in 2009 and 2018 doesn’t show any sign of zinc
layer degradation.
Replaced in 2009 using an AACSR Keziah OPGW.
Replaced in 2009.
L2 towers installed in 1961. Painted in 2009 with no sign of deterioration
(current CBRM Health Index scores are below 3).

As a result of the relatively good condition of the circuit, it has been determined that during the RIIOT2 period, only a minor refurbishment will be required, which will be undertaken during circuit
outages required for completion of the East Coast 275kV Upgrade project.

6
6.1

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
6.2

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, as well as in the CBA completed for the East Coast
strategic reinforcement project, in which there was no scenario in which this project was not critical
on the completion date of 2023. 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.
6.3

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.
6.4

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.
6.5

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.
6.7

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

7

Conclusion

The NOA process has identified that the ECUP project is economically justified for delivery by 2026 for
all FES scenarios and has indicated it to be a “Critical option to Proceed”.
This project will deliver approximately 400MW of B4 boundary capability uplift. Discussions with SHE
Transmission on the actual uplift to be considered and the final figure may be revised. The total SPT
cost of this project is £39.4m, to be delivered in 2026.
We are proposing to continue delivery of this project as part of our RIIO-T2 business plan with an
anticipated spend of £35.13m within the RIIO-T2 period.
7.1

Project Outputs

Asset Class

Name
275kV CB (Gas Insulated Busbars)
Circuit Breaker
(ID)
Circuit Breaker
275kV Switchgear - Other
Overhead Line Fittings 400kV Fittings
Overhead Tower Line 400kV Tower
Overhead Tower Line 400kV OHL (Tower Line) Conductor
Transformer
400kV Transformer
Protection
Protection Schemes

8

Outputs included in RIIO T1 Plans

Not applicable.

Voltage Units
275
275
400
400
400
400
Other

Each
Each
Each
Each
km
Each
Individual Schemes

Output
4
10
35
1
0.7
4
28

