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1. Introduction
In the future the transmission system in the South West Scotland will be operating beyond its
capacity, due to the significant increase of renewable generation within the area. The Dumfries and
Galloway development entails the extension of the 132kV network within the Glenlee area.
Therefore, it was necessary to consider multiple solutions which would be used to achieve an
effective cost benefit analysis (CBA) which would ultimately be used to select the preferred option.
This paper intends to explain the reasoning that led to the evolution of the Kendoon to Tongland
project (KTR) which partly involves the construction of the 132kV double circuit between Kendoon
and Glenlee substations. This paper aims to summarise the Kendoon to Glenlee part of the KTR
Strategic Wider Works (SWW) update, which has already been approved. Therefore, no information
given here is new. The paper will also describe how this project relates more generally to the West
of Scotland reinforcement project and the South West Scotland Generation Export Management
Scheme (GEMS).

2. General Information
2.1 Kendoon to Glenlee
The existing transmission infrastructure in the Dumfries and Galloway region, as shown in Figure 1,
has served it well for over 80 years, but it is now approaching the end of its life. In addition, it is now
highly loaded and there is a need to increase capacity to support the growth in renewable
generation.

Figure 1: The existing transmission network in Dumfries and Galloway

An initial outline proposal to construct 175km of 275/400kV overhead line from Harker to
Auchencrosh as well as to commission four new substations addressed all of the project drivers,
namely the modernisation of the existing ageing 132kV network and provision of capacity for
onshore renewable generation. This would ensure full compliance with the National Electricity
Transmission System Security and Quality Standards of Service (NETS SQSS),
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However, the outcome of the process of identifying an appropriate cost-effective solution has
significantly reduced the scope of the original project. Having conducted two separate Cost benefit
Analyses (CBA) a “Minimum Scheme” was selected as the best economically viable option. The
Minimum Scheme was used as the counterfactual option for the CBA. It consisted of extending a
radial 132kV network from New Cumnock substation to Glenlee and Tongland, enhancing the
capacity for the 132kV system. This option would upgrade the conductors from those that were
installed in the 1930s.
Over time, SPT developed an optimised version of the Minimum Scheme known as the “Reduced
Scheme” which would be supported by the implementation of a new innovative non-build project
known as the GEMS scheme. The optimisation mainly entails the extension of the existing Glenlee
substation rather than building a new substation in the area.
Reduced Scheme Part 1a - New
overhead line from Glenlee and
Kendoon, extension of Glenlee and
new transformer at New Cumnock
Reduced Scheme Part 1b New overhead line from
Tongland to Glenlee

Reduced Scheme Part 2 – New
conductor on existing line from
Glenlee to Newton Stewart

Figure 2: Scope of Proposed Works

The Reduced Scheme is also known as the Kendoon to Tongland Project (KTR). It comprises of 2
stages:
Reduced Scheme Part 1:



(A) Glenlee to Kendoon Reinforcement
(B) Glenlee to Tongland Modernisation

Reduced Scheme Part 2:


Newton Stewart to Glenlee Reinforcement

This paper only concerns Part 1 (A) as this is section is a Load project. Whereas the other two
sections of KTR are Non-Load schemes. Part 1 (A) depicted as Zone 4 in Figure 2 above will comprise
4
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of a new 132kV double circuit between Kendoon and Glenlee substations. Works associated with the
reinforcement are expected to be completed by 2023.

2.2 GEMS Scheme
With the increase of renewable generation in the south west Scotland which has a transmission
system that, despite infrastructural reinforcement described in this paper, will be operating beyond
its transmission capacity; a non-build solution is necessary to manage the network and facilitate the
future generation connections. This has led to the inception of an active network management
system called South West Scotland Generation Export Management System (GEMS). This system
would reduce generation output in a controlled manner whilst maximising the utilisation of the
transmission capacity available and maintaining security of supplies. This system will facilitate a
system operator (SO) commercial market for the curtailment that all generators, transmission and
embedded, can participate in.
The GEMS system will receive instructions from NGESO, up to half hourly, where a merit order will
be employed, and with which generator outputs will be curtailed to predetermined values to
maintain security and quality of supplies. The GEMS system will monitor the status of the network
and issue these instructions accordingly for intact and depleted system conditions.
GEMS was created as a result of the decision to follow through with the KTR project which does not
provide sufficient transmission capacity to ensure that the system is planned in accordance with
NETS SQSS.

3. Optioneering
Replacement and reinforcement of the existing Dumfries and Galloway is essential to modernise the
network to secure existing supplies and provide capacity for the connection of new renewable
generation. Twenty nine possible replacement and reinforcement options were considered. Four
strategic options were selected as an appropriate set of solutions to achieve an effective CBA.
This optioneering assessment refers to the selection of the entire reinforcement project that was
originally considered for the Dumfries and Galloway area. The “Minimum Scheme” mentioned
throughout is the option considered in the CBA before evolving into the final “Reduced Scheme”.
An overview of the options considered for a CBA is shown in Table 1:
Option

Status

1

Baseline (like for like)

Rejected

2

High Capacity 132kV (existing route)

Rejected

3

High Capacity 132kV (existing route) and
wider D&G reinforcements
Reinforcement North of Glenlee - 132kV
(CBA Option 1 – Counterfactual)

Rejected

4

Proposed

Reason discounted for CBA
Lack of future capacity/Higher cost than
Counterfactual
Lack of future capacity/Higher cost than
Counterfactual
Lack of future capacity/Higher cost than
Counterfactual
-
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6
7
8
9

10
11

12
13

14

15

16

17

18

19
20
21
22
23

Reinforcements North of Glenlee - 275kV
Ring
High Capacity 132kV (interim)
High Capacity 132kV
(CBA Option 2 - High Capacity 132kV)
Auchencrosh to Gretna via Glenlee - 275kV
(north route)
Auchencrosh to Gretna via Newton Stewart
- 275kV
(north route)
Auchencrosh to Gretna via Glenlee - 400kV
(north route)
Auchencrosh to Gretna via Newton Stewart
- 400kV
(north route)
Auchencrosh to Harker via Glenlee - 275kV
(north route)
Auchencrosh to Harker via Newton Stewart
- 275kV
(north route)
Auchencrosh to Harker via Newton Stewart
and new substation
(middle route - SER C)
Auchencrosh to Harker via Newton Stewart
to Glenlee and a new substation
(middle route - SER E)
Auchencrosh to Harker via Tongland and
Newton Stewart
(south route - SER F)
Auchencrosh to Harker via Tongland and
Glenlee
(south/north route - SER G)
Auchencrosh to Harker via Tongland,
Glenlee and Newton Stewart
(south/middle route - SER H)
Auchencrosh to Harker - 400kV
(via Glenlee - north route)
Supergrid to Glenlee (CBA Option 3 Supergrid to Glenlee)
Dumfries and Galloway 400kV Harker (CBA
Option 4 - Full proposal
Dumfries and Galloway 400kV Harker with
L3 275kV infrastructure
HVDC (Option 1 - Dumfries to Harker)

Issue 1

Rejected

Lack of future capacity/limited benefits

Rejected

Interim solution that leads to supergrid
solution
-

Proposed
Rejected
Rejected

Rejected
Rejected

Rejected
Rejected

Technical (impact on B6 boundary
capability)
Technical (impact on B6 boundary
capability)
Technical (impact on B6 boundary
capability)
Technical (impact on B6 boundary capab4.
ility)
Technical (fault level issues at Harker
275kV)
Technical (fault level issues at Harker
275kV)

Rejected

Technical/Environmental

Rejected

Technical/Environmental

Rejected

Technical/Environmental

Rejected

Technical/Environmental

Rejected

Technical/Environmental

Rejected

Technical

Proposed

-

Proposed

-

Rejected

No future development possible

Rejected

Cost
Technical issues laying cable in Solway
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HVDC (Option 2 - Whithorn to Sellafield)

Rejected

25

HVDC (Option 3 - Luce Bay to Heysham)

Rejected

26

HVDC (Option 4 - Auchencrosh to Heysham)

Rejected

27

Dumfries and Galloway 400kV New
Substation North of Gretna
Preferred Option T Pylon

Rejected
Rejected

Onshore HVDC

Rejected

28
29

Issue 1

Cost
Technical complexity
Cost
Technical complexity
Cost
Technical complexity
Technical (impact on B6 boundary
capability)
Cost/Technology risk
Capital cost
Technical complexity

Table 1: Overview of Options

Based on engineering design studies the following options have been considered for further detailed
review within both the CBA and the Engineering Justification Paper:
Option

Description

1

Minimum Scheme
(Counterfactual)

2

High capacity 132kV
system

3

Supergrid between
Glenlee and Harker

4

Supergrid between
Auchencrosh and Harker
(Full Proposal)

Extension of the 132kV network from New Cumnock to Tongland with a new
Glenlee 132kV substation with double circuit between old and new
substations, remove S route
HTLS on existing GLLU-NETS, HTLS on existing NETS-GLLE, L7 double cct KEOO
to GLLE, new Glenlee 132kV substation with double cct between old and new
s/s, L4 double cct poplar to Tongland, Extend L7 double cct Glenlee-Dumfries,
HTLS on existing DUMF-CHAP, HTLS on existing Chap-Gretna, add 3rd SGT at
Gretna
HTLS on existing NETS-GLLU, HTLS on existing NETS-GLEE, L7 double cct KEON
to GLEE & smaller new Glenlee 400/132 s/s, L4 double cct poplar to TONG,
Extend L8 double cct GLEE-DUMF & new 400/132 s/s Dumfries, extend L8
double cct DUMF-HARK
Build a 400kV supergrid from Auchencrosh to Newton Stewart, Glenlee,
Dumfries and terminating in Harker.
Table 2: Overview of Options

5. Detailed Analysis
The main CBA work was undertaken by the system operator (NGET SO) and the results were checked
for various sensitivities. A supporting CBA was carried out by external consultants Jacobs.
The CBA reports generated by NGET and Jacobs concluded that Options 2, 3 and 4 did not produce
positive Net Present Value (NVP) for any future background generation examples. This indicated that
the reinforcements are uneconomic and inefficient and would not be progressed.
The ‘Minimum Scheme’, Option 1, was selected as the Counterfactual for the CBA as it is the lowest
cost option to secure supplies and connectivity of existing generation. The Minimum Scheme is also
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common to all other options, and hence other options can be developed as increments to the
counterfactual scheme.

5.1 Option 1: Minimum Scheme
This option consists of building on the existing reinforcements in the South west Scotland where a
radial 132kV network would be extended from New Cumnock substation to Glenlee and Tongland to
ensure supplies to the Grid Supply points in the area are secured and provided enhanced capacity
for the system. This also leaves options for possible future connections. A schematic of this proposal
is displayed below in Figure 3:
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Figure 3: Schematic of the New Line Between Kendon and Glenlee

Option 1 is used as a counterfactual option in the CBA analysis as it is the lowest cost option and
represents the “Do Minimum” approach. A like for like option would involve the development of a
further 45km circuit between Tongland and Dumfries which was considered but discounted on an
economic basis; this is identified as Option 1 in Table 1.
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A further benefit of this option is the removal of the interconnected nature of the 132kV system. The
radial arrangement will remove the operational issues that exist on the current 132kV
interconnected network under high transfer levels over the MITS between SPT and NGET.

5.2 Option 2: High capacity 132kV network
This option builds upon the Minimum Scheme discussed in 5.1 and extends the 132kV network from
Glenlee to Dumfries to provide connectivity for the system to the north towards New Cumnock and
to the East towards Gretna. The option provides a NETS SQSS compliant supply to the Grid Supply
Points in the area. A schematic of this scheme and brief description of the reinforcements is given in
Figure 4 below:

Figure 4: High Capacity 132kV System
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This option was chosen to be selected for the CBA as it maximises the environmental, technical and
economic benefits of an interconnected 132kV system. However, the interconnected nature means
at times of high generation flows are generally from North to South and the full thermal capacity of
the system cannot be utilised without additional investment or further operational measures.
Analysis studies were conducted for this option with the addition of phase shifting transformers and
series reactors to enhance the utilisation of the additional capacity that the network provides. This
option also does not provide any enhancement to the Moyle interconnector.

5.3 Option 3: Supergrid between Glenlee and Harker
This option is an intermediate stage to the full proposal discussed in section 5.4. It builds upon the
counterfactual option described in section 5.1 by interbusing the 132kV network at Glenlee to a
400kV system that provides connectivity to Harker. This will allow generation in Dumfries and
Galloway to export their output to Harker. The option provides a NETS SQSS compliant supply to the
Grid Supply Points in the area. A schematic of this scheme and brief description of the
reinforcements is given in Figure 5 below:
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Figure 5: 400kV Supergrid between Glenlee and Harker

This option does not provide any enhancement to the Moyle interconnector and does not provide
B6 boundary benefits. However, it transfers generation connection to south of the B6 boundary.

5.4 Option 4: Supergrid between Auchencrosh and Harker – Full Proposal
Option 4 was considered as part of the CBA to determine what the cost analysis of the full proposal
would be. This option provides a supergrid system that extends from Harker 400kV substation to
Auchencrosh 275kV substation with intermediate substations at Dumfries, Glenlee and Newton
Stewart. The option builds upon the Minimum option by interbusing the 132kV network at Glenlee
to a 400kV to a 400kV system that provides connectivity to the Harker in east and Auchncrosh in the
west. A schematic of the scheme is given in Figure 6.
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Figure 6: Supergrid between Auchencrosh and Harker

This proposal meets all the key aims of the project. This is the only option that provides NETS SQSS
compliance for the existing and contracted generation and firm 500MW capacity for the Moyle
interconnector. This option is the only one that provides benefit to the B6 boundary.

5.5 Main CBA Conclusions
The main NGET CBA and the supporting Jacobs CBA both concluded that none of the three
incremental options above the Minimum Scheme produces a positive NPV. NPV values for the three
options ranged from -£77m to -£474m, indicating that those reinforcements are uneconomic and
inefficient and should not be progressed. These results demonstrate that the Minimum Scheme is
the most economical to develop at this time compared to all the other options considered.
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The Minimum Scheme is an essential ‘no regret’ investment that is the most economic and
deliverable solution. It will address ageing assets that are beyond economic refurbishment, providing
security of supply to existing customers. As a result of the reconfigured network provided by the
Minimum Scheme, additional capacity is achieved compared to the existing system.
As described in section 2.1, SPT optimised the Minimum Scheme, evolving into the Reduced
Scheme. The final Reduced Scheme would consist of the works described in section 2.1. Specifically
the works of the Load scheme associated with this paper, from Glenlee to Kendoon, is described
below:
Overhead Line Works:





Extension of the L7 twin UPAS 132kV double circuit overhead line from North of Kendoon at
the Margree tee to Glenlee. The length of the circuit is estimated at approximately 14km
One side of the circuit will need to be turned into Kendoon substation
Decommissioning the remainder of the N route and the R route between Kendoon and
Glenlee
Build new wood pole 132kV connectivity to Carsfad and Earlstoun

Substation Works:



Extend Glenlee substation to change the configuration from a four to six mesh corner
arrangement
At Kendoon substation replace two towers and accommodate the turning of the high
capacity circuit.

The proposed works entail the extension of the 132kV double circuit that runs between New
Cumnock substation and the Margree tee-off in South West Scotland to Glenlee substation and
turning one side of the circuit into Kendoon. Works will be completed by 2023 and will have a total
associated cost of £37.316m.

6. Conclusions
Due to the age and single circuit nature of the Kendon to Glenlee 132kV OHL, reinforcements are
necessary to withstand the future generation planned to connect to the network. Having progressed
through a thorough selection process SPT recommends the construction of the KTR project. SPT also
recommends this is completed in alignment of the implementation of the new innovative GEMS
scheme which aims to assist in the active network management of the area. The combination of
these solutions will maximise the utilisation of the network that is being developed in South West
Scotland and allow current and future generators to remain connected the whole time and not be
disadvantaged commercially.
Project Summary:


Forecast Costs – £37.316m
14
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o SPT funded – £37.316m
Timing of Investment – 2017/2026
Outputs
o 6 x 132kV AIS Circuit Breaker (OD)
o 0.3km 132kV Underground Cable (Non-Pressurised)
o 79 132kV towers
o 29.5km of overhead line tower conductor

7. Future Pathways to Net Zero
Primary Economic Driver
The primary driver for investment for the proposed works is to secure existing supplies and provide
capacity for the connection of new renewable generation.
Payback Periods
CBA has previously been submitted as part of the initial Strategic Wider Works process and selected
option provides the most economical solution over all time periods against all options.
Pathways and End Points
The proposed solution facilitates the connection of wind generation. This enables the connection of
generation and the operation of a network with high wind penetration, facilitating the path to Net
Zero.
Asset Stranding Risks
The risk of asset stranding is considered to be very low.
Sensitivity to Carbon Prices
The main sensitivity is likely to be as a result of further generation which could emerge and require
further upgrades.
Future Asset Utilisation
The utilisation of the proposed assets is likely to increase as renewables continue to connect to the
network.
Whole Systems Benefits
These works facilitate the connection of embedded generation and the project has been
coordinated with SPD to ensure an economic and efficient solution.
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