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Introduction

Windyhill 275kV substation is a key 12 bay air insulated double busbar substation that was built in
the 1960s and located on the west side of Glasgow - Cochno Road G61 4PU. With vital transmission
circuits to Devol Moor and Neilston crossing major system boundary B5 and circuits to Lambhill and
Longannet substations, Windyhill 275kV plays an important role in east – west and north – south
power flows on the transmission network. The substation also has connection to the pumped
storage generation located at Cruachan, through the Dalmally and Inverarnan circuits which are
pivotal to SPT’s black start Local Joint Restoration Plan. Windyhill 275kV AIS substation feeds into the
Windyhill 132kV GIS substation and supplies power to seven Grid Supply Points with a load demand
of approx. 300MW on the SP Distribution network. Windyhill substation is also critical in terms of its
connection to SHE Transmission, with four circuits crossing major boundary B4 on the 132kV system.
The principal driver for the proposal is the condition of the 8 off OBR30 and 2 off OBR60 275kV air
blast circuit-breakers which all would have EoL modifier scores of 10.03 or higher without any
intervention at end of RIIO T2 period, with critical operational and maintenance issues, and so have
been identified for replacement in the RIIO T2 period. The circuit-breakers are located in following
bays:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Devol Moor 400 / 275kV circuit with SGT4 (referred to as DEVM henceforth)
Dalmally 275kV (referred to as DALL henceforth)
Inverarnan 275kV (referred to as INVR henceforth)
Lambhill 1/Longannet 275kV banked with SGT2 (referred to as LAMB1/LOAN & SGT2
henceforth)
Lambhill 2 275kV (referred to as LAMB2 henceforth)
Drumchapel 1 275kV (referred to as DRUM1 henceforth)
Drumchapel 2 275kV (referred to as DRUM2 henceforth)
SGT1 275/132kV 240MVA (referred to as SGT1 henceforth)
SGT3 275/132kV 240MVA (referred to as SGT3 henceforth)
Bus coupler

Note except the above circuit-breakers at Windyhill 275kV substation, there is an SF6 circuit breaker
L75 located in the Neilston bay with EoL modifier score of 0.86 and R160 located in the MSCDN bay
with EoL modified score of 0.68.
The condition of the non-lead assets – disconnectors/earthing switches, busbars, instrument
transformers, busbars, insulators and structures – have also been assessed and in all cases,
intervention is required.
For system security and operational flexibility, a new main busbar bus section circuit breaker bay,
along with reserve busbar bus section disconnector bay have been included within all the options
considered. The bus section bays reduce outage durations on complete busbars, resulting in less
network disruption in construction timescales. This arrangement also provides ongoing network
security benefit while carrying out maintenance work on the busbar switchgear and provides
additional system security for busbar faults.
The SGT2 bay is currently banked with LAMB1/LOAN circuit on the same circuit breaker L60. For
greater system security and operational flexibility, all the options have considered a separate bay for
SGT2.
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Both of these measures have been proposed due to the experience of a bus coupler fault in March
2009 which resulted in significant loss of supply to the north of Glasgow, extending into Argyll.
The delivery of the project is characterised by multiple outage stages requiring significant temporary
works to secure the wider network and to maximise its capability, minimising constraints.

Figure 1: Windyhill 275kV substation
In line with above, the proposed 275kV outputs to be delivered in this project for the selected option
are:
-

275kV Circuit Breaker disposed: 11 units
275kV Circuit Breaker addition: 14 units

The addition volume includes the 2 units considered for a new bus section bay and separate SGT2
bays.
The disposal volume includes the 1 unit from Neilston bay which is not required for the preferred GIS
option.
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Background Information

This paper supports a proposal to replace the existing 10 off OBR 60 / 30 air blast circuit-breakers
and associated non-lead assets at Windyhill 275kV substation. Based on the values determined in
accordance with the NARM methodology, the circuit-breakers will all have an EoL modifier score of
10.03 or higher at end of RIIO T2 period, have significant operational and maintenance issues and
are identified for replacement during the RIIO T2 period. The options for retaining and refurbishing
the circuit-breakers has been assessed and determined not to be technically or economically viable,
as detailed in report SWG-05-090 1.
Please find below details of the circuit-breakers identified for replacement.
SPEN
corporate
asset ID

Asset Description

Manufact
urer

Model

Year of
manufac
ture

EoL (at end of
RIIO T2 without
intervention)

Risk £

14242565

WIYH275ACBL125

REYROLLE

OBR30 275KV ACB

1962

10.07

£

14242629

WIYH275ACBW100

REYROLLE

OBR30 275KV ACB

1962

10.03

£

14242662

WIYH275ACBL60

REYROLLE

OBR30 275KV ACB

1962

10.03

£

85,725.08

14242735

WIYH275ACBH40

REYROLLE

OBR60 275KV ACB
TRANS

1967

10.26

£

114,584.32

14243063

WIYH275ACBL35

REYROLLE

OBR30 275KV ACB

1965

10.16

£

49,862.28

14243085

WIYH275ACBL25

REYROLLE

OBR30 275KV ACB

1965

10.16

£

49,862.28

14243126

WIYH275ACBH115

REYROLLE

OBR30 275KV ACB

1966

10.21

£

110,738.32

14243162

WIYH275ACBH145

REYROLLE

OBR30 275KV ACB

1966

10.21

£

110,738.32

14243485

WIYH275ACBH90

REYROLLE

OBR60 275KV ACB
TRANS

1970

10.65

£

126,457.30

14243524

WIYH275ACBL55

REYROLLE

OBR30 275KV ACB

1962

10.03

£

242,476.04

Figure 2: OBR 60 air blast circuit-breaker at Windyhill 275kV substation
1

SWG-05-090 Issue 2 - Operational issues with Reyrolle OBR30-60 Circuit Breakers final

86,561.53
11,636,530.75
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The associated 275kV disconnectors and instrument transformers for these 10 bays (except
disconnectors in the R5 bay) were also installed with their associated circuit-breakers. A detailed site
review and technical assessment of the condition of these non-lead assets has been carried out by
SP Transmission as part of this project’s development work.
The assessment for instrument transformers has shown critical maintenance issues requiring the
units to be replaced within the RIIO T2 period.

Figure 3: Centre break 275kV Disconnectors at Windyhill 275kV substation
Condition assessment of the associated 275kV disconnectors have shown that the mechanical
components are at a level of deterioration where intervention is required and the electrical
components are at the end of their serviceable life. There are limited spares available for the
disconnectors from redundant plant. A significant level of corrosion has also been observed on the
operating mechanism and operating rods.
The recommendation for 275kV disconnectors is that it would be possible to refurbish them and
make them operational for the expected design life of refurbished bays (40 years). However, the
costs and timescales to refurbish the disconnectors and mechanism boxes when compared with the
costs and timescales to replace them indicate that replacement is the most economic option.
However both courses of action have been included in the options proposed for full consideration in
the overall scheme cost-benefit analysis and recommendations made accordingly.
A site condition assessment report for these non-lead assets, along with condition assessment of
other assets at the site can be supplied as required. Recommendations from this report have been
included within the options considered.
Similar to the assessment of primary plant, a visual inspection has been carried out on the existing
civil assets, including existing concrete structures and foundations, to determine the condition of
these assets. To complement this data, and to determine the remaining life and costs associated
with any immediate and future remedial works, SP Transmission commissioned a specialist concrete
contractor to carry out concrete testing and analysis on a representative sample of these assets (a
275kV concrete gantry and a 275kV disconnector structure). The results of these tests show that it
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would be possible to reuse the existing civil assets subject to a defined level of refurbishment carried
out during the project cycle. These refurbishment works would extend the service life of these assets
by about 15 years after which another round of refurbishment would be necessary.
The costs of refurbishing these civil assets for their extended design life (40 years to match the
expected life of the electrical assets) and the cost of replacing with new steel structures has been
included within the options considered.
A visual inspection report for civil assets, along with the specialist concrete surveyor’s test report is
available and can be supplied if required.
The existing 275kV control building has been surveyed to determine if repair or refurbishment works
are necessary and to assess the space available to accommodate replacement protection and
control equipment. In line with the survey carried out, only minor repair works and building service
upgrades are envisaged within the options considered.
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Optioneering

The following is a summary of the options considered for this project. The respective associated
drawings for each of these options are available for review if required.
Option

Status

Reason for rejection

Baseline option: Do nothing in RIIO T2 period – works
deferred to RIIO T3 period

Proposed

-

1

Replace the 275kV AIS switchgear with new 275kV AIS
switchgear. Staged in-situ online replacement involving
multiple outages and temporary interconnectors (Drawing
SP4124288)

Proposed

-

2

Replace the 275kV AIS switchgear with new 275kV GIS
switchgear. GIS building built offline and located in the
space adjacent to INVR and LAMB/LOAN circuit within the
existing 275kV compound. SF6 275kV GIBs considered.
(Drawing SP4124952)

Proposed

-

3

Replace the 275kV AIS switchgear with new 275kV GIS
switchgear. Scope / location exactly similar to option 2
although with SF6 free 275kV GIB considered (Drawing
SP4124952)

Proposed

-

4

Replace the 275kV AIS switchgear with new 275kV AIS
switchgear, reusing the following existing assets - concrete
gantries and foundations, RCP and tandem disconnectors
and associated concrete structures and foundations.
Involves staged in-situ build involving multiple outages and
temporary interconnectors.

Rejected

5

Replace the 275kV AIS switchgear with new 275kV GIS
switchgear. GIS building built offline and located within
existing 132kV AIS compound (Drawing SP4124953)

Rejected

6

Replace the 275kV AIS switchgear with new 275kV GIS
switchgear. GIS building built offline and located adjacent
to MSCDN compound (Drawing SP4124954)

Rejected

7

Replace the 275kV AIS switchgear with new 275kV GIS
switchgear. GIS building built offline and located adjacent
to existing 132kV AIS compound (Drawing SP4124955)

Rejected

Although this option has been
considered as technically feasible, a
detailed review has been included
within section 4.5 justifying the
reasons for rejection.
Based on the review, this option
has not been considered for
further CBA analysis.
Long length of Gas insulated
busbars resulting in higher project
costs when compared with option
3 with no additional benefits.
Lengthy outages on individual
circuits
involved
increasing
network risks and constraint costs.
Impractical - connections to
existing incoming circuits not
possible without major disruption
to
substation
configuration
resulting in significantly higher
costs than option 3 with no
additional benefits.
Additional
land
purchase,
construction
difficulty
and
overhead line diversions would
result in significantly higher costs
than option 3 with no additional
benefits.
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8

Replace the 275kV AIS switchgear with new 275kV GIS
switchgear. GIS building built offline and located in the
substation land available below DALL/INVR and
LAMB/WIYH circuits (Drawing SP4124956)

9

Replace the 275kV AIS switchgear with new 275kV GIS
switchgear. GIS building built offline and located within
existing NEIL and DEVM bays (Drawing SP4124957)

Rejected

10

Replace the 275kV AIS switchgear with new 275kV GIS
switchgear. GIS building built offline and located outside
the SPEN land ownership boundary

Rejected

Rejected

Issue 3

Significantly
longer
outages
required than for option 3. Also
restricts
the
ability
to
accommodate future foreseen
network developments at the site.
Significantly
longer
outages
required than for option 3 with
limited opportunity to create
temporary circuits to maintain
network security.
Land purchase, road crossings,
overhead line and 132kV cable
diversions required, resulting in
higher
project
costs
when
compared with option 3.

Based on engineering studies completed the following 4 options were selected for further review:
- Baseline option: Do nothing in RIIO T2 period but complete replacement of the units in RIIO
T3 period instead (Scope of works similar to option 1)
- Option 1: Replace the 275kV AIS switchgear with new 275kV AIS switchgear. Staged in-situ
online replacement involving multiple outages and temporary interconnectors.
- Option 2: Offline 14 bay double busbar GIS build with SF6 GIB
- Option 3: Offline 14 bay double busbar GIS build with SF6 free GIB
As described in section 4.5, the following option is considered to be technically feasible but has
higher costs than option 1 with fewer benefits and so has been ruled out for CBA.
- Option 4: Replace the 275kV AIS switchgear with new 275kV AIS switchgear, reusing existing
civil assets. Although the option is technically feasible, the higher costs of ongoing
refurbishment / maintenance, repeated costs of temporary bypass interconnectors and
repeated constraint costs for each cycle of concrete asset refurbishment leads to a higher
cost than other options with fewer benefits.
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Detailed analysis

All the 4 options proposed (Baseline option, Option 1, 2 & 3) achieve the main objective of replacing
OBR30 & OBR60 circuit-breakers while refurbishing or replacing non-lead assets and thereby
reducing the overall risks to the network.
As Windyhill 275kV substation is located on the main interconnected transmission system (MITS),
any works at Windyhill 275kV substation has a major impact on the network capability and boundary
B5 in particular and result in significant constraint costs. To reduce the network impact during
construction, all the options have been considered to be constructed in a staged manner with the
least possible outage durations considered on the main power flow circuits (LAMB/LOAN, LAMB,
NEIL, DEVM). Where possible temporary interconnectors have been included within the options
considered to reduce the network impact, with costs detailed separately for reference.
4.1 Baseline option: Do nothing in RIIO T2, replacement works deferred to RIIO T3 period
This option considers online replacement of the existing 275kV switchgear with new 275kV SF6 AIS
switchgear. The scope of works is exactly similar to option 1 below so no separate description is
included. Please refer description in next section.
4.2 Option 1: Online AIS replacement
The option considers online replacement of the existing 275kV switchgear assets as identified earlier
through condition data, site surveys and concrete testing carried out. (Drawing reference:
SP4124288) The following assets are proposed to be replaced in a staged manner in this option:
-

275kV OBR 60 / OBR 30 air blast circuit breaker
Existing 275kV disconnectors and instrument transformers located in all bays except NEIL
(part) and MSCDN bays.
Additional bus section bay added for network security
SGT2 now designed as a separate bay for network security.
Building service upgrade
Protection & control works
Replacement of existing concrete gantries with new steel structures

Specific factors attributable to this option which results in additional costs are listed below:
-

Due to proximity of busbar gantries to sections of main / reserve busbars, it is not possible
to demolish these gantries without taking an outage on both main & reserve busbars. As this
is not practical, to maintain network security during breaks of the main or reserve busbars, a
number of temporary interconnectors have been designed within the staged construction
plan. These interconnectors are primarily intended for maintaining the connection between
DEVM / NEIL circuits and LAMB/LOAN & LAMB circuits. These interconnectors substantially
reduce the duration of loss of connectivity between the circuits thereby maintaining
network security and reducing the potential constraints significantly. The additional costs for
interconnectors have been identified separately within the costing sheet. The following
temporary interconnector costs have been included within the costing considered:
o Year 1: NEIL – DALL circuit bypass interconnector
o Year 2: DEVM – DALL circuit bypass interconnector / DRUM2 circuit bypass
interconnector
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Year 3: INVR – LAMB/LOAN circuit bypass interconnector / DRUM2 circuit bypass
interconnector
This option requires platform extension to accommodate the new DRUM 1 bay offline
reducing the overall construction timescale. The cost considered for substation extension is
considering excavation of 3 m approx. and infill of 1 m to create a level platform.
Condition assessment carried out on existing 275kV cable located in DRUM1 circuit doesn’t
justify replacement. However in the AIS options being considered, it has been considered to
replace the DRUM1 275kV cable with a new busbar – PI arrangement (repositioned now in
DRUM2 circuit) based on the following:
o The new circuit (using busbars and post insulators) would be fully rated for the East
– West power flow requirement (rated at 3150 amps) and so can perform a dual
function as the temporary interconnector which is necessary to enable the main and
reserve busbar disconnections for demolition and construction. The existing 275kV
cable is not rated for this duty.
o Changing the cable to a busbar and post insulator arrangement under the scope of
this project results in potential saving of approx. £200k when compared with a
future replacement cost of 275kV XLPE cable (1 ph 800 sq.mm Al). Further, installing
a replacement cable in a future price control period, when driven by condition,
would be difficult considering the revised substation layout and proximity of likely
cable route to energised 275kV circuits and multiple cable trench crossings.
o Removing the oil filled cables reduces the environmental footprint of the network.
Changing the cable will enable 0.87km (0.29km per phase) of oil filled 275kV
underground cable together with associated plant will be removed from network
avoiding the potential for fluid leakage as the asset ages.
o

-

-

The following specific risks have been identified for this option:
-

-

Although temporary interconnectors / contingency circuits have been proposed during
different stages of the work, there are construction periods wherein there is no East – West
circuit connectivity. Consequential constraint costs are an unavoidable element of this
option and have been considered for final comparison with other options. Construction
activities need to be carefully planned in advance to minimise these durations and
emergency return to service times as much as possible.
For setting up the DRUM2 circuit as an interconnector, an outage is required on both
DRUM1 and DRUM2 circuits. In consultation with the DNO, suitable alternative supply
arrangement has been determined to be available from Killermont GSP and Kilbowie GSP to
Drumchapel 33kV during this period. This would require to be examined in further detail
closer to execution.
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4.3 Option 2: Offline GIS ss build (with SF6 275kV GIBs)
This option considers an online 14 bay 275kV GIS substation replacing the existing AIS arrangement
at Windyhill 275kV. The new GIS substation is proposed to be located in the 275kV compound in the
space available adjacent to LAMB/LOAN circuits. (Drawing reference: SP4124952)
Considering the high capacity requirements and availability of space the following circuits would be
connected via SF6 gas insulated busbars (GIB) and rated at 3,150 Amps:
-

NEIL
DEVM
DALL
INVR
LAMB/LOAN
LAMB

Based on the load requirements, the following circuits are proposed to be connected via 275kV
cable:
-

SGT1
SGT2
SGT3
DRUM1
DRUM2
MSCDN

The location of this GIS building offers the following distinct advantages against the other GIS
locations considered:
-

-

The GIS building is constructed offline with minimal interruptions on any adjacent 275kV
circuits.
The location of the GIS building, and the respective 275kV GIB routes and 275kV cable routes
have been designed such that there is no need to disconnect the main & reserve busbar.
This is a major advantage as it results in minimal outage requirement on the busbars thereby
resulting in minimal constraint costs. For all other GIS options / locations considered, there is
a need to disconnect one section of main / reserve busbar from other section during
installation of 275kV cable / GIB resulting in significant constraint costs.
The location of GIS leaves sufficient space within the compound for future infrastructure
development due to network requirements viz. load growth or even new 400kV
transformers if respective circuits ever require to be upgraded to 400kV.

When compared to option 1: AIS replacement, this option adds a substantially higher quantity of SF6
from the SF6 insulated 275kV GIS and 275kV GIBs on the network. It is not expected that 275kV GIS
switchgear completely free of SF6 will be available in a timescale that matches the need to intervene
on the assets as described.
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Specific factors attributable for this option that result in incremental costs are included below:
-

-

-

The proximity to adjacent circuits while constructing the GIS building, or installing the GIBs
and 275kV underground cable adjacent to live circuits would require regular proximity
outages during construction to ensure a safe and efficient installation. The repeated outage
requirements impact the overall construction timescales and costs.
There is an inherent slope of an average 1:200 in the substation compound which will impact
the platform build cost and construction timescale.
Based on previous observations, the area in which the GIS is proposed may have higher
water table requiring piling for the foundations. This will be confirmed after a detailed
ground condition assessment is carried out at project delivery stage.
Exact quantity of asbestos contamination in existing concrete assets is unknown. This
impacts the demolition cost and timescales.

Figure 4: Inherent platform slope in Windyhill substation

4.4 Option 3: Offline GIS ss build (with SF6 free 275kV GIBs)
The scope, timescales, advantages and risks associated with this option are exactly similar to Option
2, with the only difference being use of SF6 free 275kV GIBs instead of SF6 gas insulated 275kV GIBs
resulting in a lower quantity of SF6 added to the network.
Note the switchgear considered still has SF6 as the insulation and interruption medium, with SF6
free medium only available for the 275kV GIBs.
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4.5

Option 4: Insitu AIS replacement with reuse of existing assets (RCP disconnectors/structures
along with high level concrete gantries reused)
This option has been described here in detail for providing complete justification on the reasons for
rejection and is not being considered for further analysis in the CBA carried out.
Based on a visual survey of the existing civil assets, along with testing of a representative sample of
structures at Windyhill 275kV substation this option considers reuse of existing 275kV concrete
gantries and foundations, existing 275kV busbar and line disconnectors, disconnector concrete
structures and foundations. (Drawing reference: SP4146494)
Below are the civil assets proposed to be reused:
- HSJ43 type concrete gantry and foundation – 8 off
- HS43 & HS37 type concrete gantry and foundation – 27 off
- HJW7 disconnector structure and foundation – 17 off
- HJ7 disconnector structure and foundation – 22 off
- 275kV CVT structures and foundations – 18 off
- 300kV CT structures and foundations – 33 off
- 300kV PI structures and foundations – 50 off
- Existing cable trenches (replacement of trench covers to be undertaken)
- Existing control building with minor refurbishments and building services upgrade
- All assets located in MSCDN bay.
- 275kV and 400kV steel gantries located in NEIL and DEVM bays.
- Below ground earth mat
Below are the non-lead assets proposed to be refurbished and used in this option:
-

300kV tandem isolators (Busbar disconnectors) – 20 off
300kV RCP disconnectors (Circuit disconnectors) – 12 off
Respective above ground earthing / labelling

The following assets are proposed to be replaced in this option:
- OBR60 / OBR30 air blast circuit-breakers
- Instrument transformers
- Post insulators (both on busbars and circuits)
- OHL gantry conductor catenary
- Low level busbars and conductors
- Clamps and connectors
- Above ground earthing (only for new plant)
- Mechanical interlocking
- Compound floodlighting
- DRUM2 circuit 275kV cable
Specific factors to be noted for this option are as follows:
-

Based on the visual survey carried out and results from concrete testing carried out by
specialist surveyors, it is expected that the remedial works will only extend the life of
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structure by 15 years, and that repeated rounds of concrete structure refurbishment will be
required at year 15 and 30 to achieve a 40 year service life. The cost of these subsequent
rounds of refurbishment has been included within the costs to provide a comparable whole
life cost for this option.
To carry out any refurbishment on busbar gantries located in centre of substation, the
adjacent sections of main & reserve busbars would need to be physically disconnected to
have sufficient electrical clearance. As this affects the MITS power flow, temporary
interconnector circuits similar to option 1 need to be included for each round of
refurbishment. The costs of these additional circuits for each round of refurbishment have
been included.
During the 15th and 30th year refurbishment cycle, electrical, civil and overhead line
contractors will be required resulting in additional site costs. Considering refurbishment
programme totalling 8 months every 15 years, there would be site set up, project
management and administrative costs which have been included in the costing considered.
As the existing layout is being retained, a busbar and post insulator arrangement, similar to
Option 1, cannot be built for the DRUM2 interconnector circuit. The only option for this
circuit arrangement would be busbar and post insulator for part of its length and 275kV
cable (2 x 2000 sq.mm Cu) for the road crossing. The additional incremental cost of cable has
been included in the costs.

The following specific risks have been identified for this option:
-

-

To refurbish and reuse the existing disconnectors, a substantial amount of work is required
to be carried out by a specialist contractor. This involves rebuilding main contacts, sand
blasting arcing rings, painting, replacing earth cables, rewiring and painting mechanism
boxes, replacing contactors, relays, fuses, heaters and mechanism boxes to be tested in
workshops. There is an element of added cost and time for refurbishment that has been
reflected in the overall project timescales and costs.
WIYH 275 serves as a key node in the transmission network which is part of the main
interconnected transmission system (MITS) and responsible for major East – West power
flow. To carry out refurbishment on high level gantries, an extended outage would also be
required on adjacent circuits to obtain sufficient electrical clearance. Any outage taken on
NEIL, DEVM, DALL and LAMB/LOAN affects the main interconnected transmission system
(MITS) power flow and would result in constraint costs by impairing boundary flow
capabilities. Considering that four cycles of refurbishments would be required on the
existing gantries, a total of four times the constraint costs would need to be considered as
against option 1 wherein these will only need to be considered once.

Additional costs attributable to above mentioned risks and specific issues have been included within
the optioneering costs carried out.
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4.6 Selected option
Please find below a cost and construction timescale summary of all the options reviewed:
Baseline option
Cost
Construction
timescales
Construction
Period

£ 33.67m
4 years 4
months
2028 -2031

Option 1 – AIS
replacement
£ 33.67m

Option 2 – GIS
replacement with
SF6 GIB
£ 43.04m

Option 3 – GIS
replacement with SF6
free GIB
£ 43.64m

4 years 4 months

3 years 4 months

3 years 4 months

2022-2025

2023-25

2023-25

Based on the CBA and least worst regret analysis carried out, the most economic and efficient
solution for consumers is option 3. Please refer next section for detailed justification.
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 Transmission MoSC (Manual of Standard
Costs) tool which makes reference to costs incurred during previous similar projects.
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Conclusion

Option 4 is distinctly different from other conventional options as it considers the re-use of most of
the existing civil and non-lead electrical assets with refurbishment. The main issue with this option is
that any refurbishment of civil assets would extend their life up to a maximum 15 years, after which
3 more rounds of refurbishment would be required. The need for additional rounds of
refurbishment, associated temporary interconnector costs and the repeated constraint costs due to
these refurbishment cycles causes this option to have higher capital and operational (constraint)
costs than option 1 with no additional benefits. Further, an 8 month refurbishment cycle every 15
years makes this the least practical option as these works would have additional impacts on network
security when compared to the other options and would limit system access of necessary activities
elsewhere on the network during this period.
Based on the above issues Option 4 was not considered for further review.
The 4 main options (Baseline option, options 1, 2 & 3) proposed have been reviewed in terms of
scope, costs, timescales, construction risks and feasibility.
The options considered achieve the main objective of replacing OBR 60 / 30 circuit breakers,
refurbishing and replacing non-lead assets thereby reducing the risk to the network. The baseline
option and option 1 are the lowest capital cost options, while options 2 and 3 have shorter
construction timescales and lesser network impacts and outage requirements when compared to
option 1.
As detailed in section 1 of this document, Windyhill 275kV substation is of vital importance for east –
West and north – south power transfer on the SP Transmission network. Any works at Windyhill
275kV need to be planned considering the significant constraint costs and other restrictions on the
network that can result. This has been considered in the detailed review for this proposal.
CBA and Least Worst Regret Analysis
In order to determine the most economic and efficient solution for consumers NG ESO was
requested to undertake an assessment of constraint costs for the feasible options considered for the
replacement of 275kV Windyhill switchgear. This included a sensitivity around the construction of
the NOA reinforcement WLTI project (Windyhill-Lambhill-Longannet 275kV circuit turn-in to Denny
North 275kV substation). The WLTI project is planned to be completed during 2021 although the
risks and uncertainties associated with platform extension and network access indicate that a 2022
completion is likely. Since the capability of boundary B5 is very sensitive to the completion of this
project, it was necessary to assess if the CBA outcome is affected by a potential delay on the WLTI
project. Full details are available “NGSO Windyhill Constraints Forecast report”, as an appendix to
this paper.
The constraint costs calculated by the ESO and the capital costs for each option formed the basis of
CBA assessment for this project. The constraint cost is different for each Future Energy Scenarios. It
is worth noting all of them are assumed by the ESO to have the same probability of occurrence.
Using the template provided by OFGEM, a separate CBA for higher carbon prices was also performed
for all scenarios to understand the impact of potential higher carbon prices on CBA results.
Based on this, a detailed CBA analysis was carried out on all the four energy scenarios and the
different sensitivities tested, with the final NPV values subject to least worst regret analysis.
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Please find below the values for NPV calculated:
5.1

CBA results (WLTI completion in 2021)
NPV (£ m)
Option

5.2

Two degrees

Community
renewables

Consumer
evolution

Steady
progression

Baseline

£

443.31

£

449.10

£

449.08

£

447.32

Option 1

£

491.14

£

502.18

£

502.59

£

498.10

Option 2

£

495.91

£

496.26

£

496.41

£

496.11

Option 3

£

496.75

£

497.10

£

497.25

£

496.95

High carbon template CBA results (WLTI completion in 2021)
NPV (£ m)
Option

5.3

Two degrees

Community
renewables

Consumer
evolution

Steady
progression

Baseline

£

443.31

£

449.10

£

449.08

£

447.32

Option 1

£

491.13

£

502.17

£

502.58

£

498.08

Option 2

£

494.86

£

495.21

£

495.36

£

495.06

Option 3

£

496.43

£

496.78

£

496.93

£

496.63

CBA results (WLTI completion in 2022)
NPV (£ m)
Option

Two degrees

Community
renewables

Consumer
evolution

Steady
progression

Baseline

£ 443.31

£ 449.10

£ 449.08

£ 447.32

Option 1

£ 486.40

£ 500.01

£ 499.95

£ 494.49

Option 2

£ 493.99

£ 496.04

£ 496.30

£ 495.50

Option 3

£ 494.83

£ 496.88

£ 497.14

£ 496.34
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High carbon template CBA (WLTI completion in 2022)

NPV (£ m)
Option

Two degrees

Community
renewables

Consumer
evolution

Steady
progression

Baseline

£

443.31

£

449.10

£

449.08

£

447.32

Option 1

£

486.39

£

500.00

£

499.94

£

494.48

Option 2

£

492.94

£

494.98

£

495.25

£

494.45

Option 3

£

494.51

£

496.55

£

496.82

£

496.01

Since the outcome of the CBA analysis is highly sensitive to the FES scenarios and the sensitivities
tested, the use of least worst regret analysis has been used to help the decision making. The least
worst regret analysis (LWR) is designed to identify solutions from the range of possibilities which are
less likely to be wrong across the range of uncertainties. The CBA provides the NPV metrics for each
potential solution. The LWR approach provides a more stable and robust decision against the range
of uncertainties. The methodology used is consistent with the approach taken in the NOA process
Please find below the summary of the results of the LWR analysis. Full details of all CBAs and least
worst regret calculations can be found in the CBA files for this project SPNL2033.
5.5

Least Worst Regrets Summary

Sensitivity
WLTI 2021
WLTI 2021+ HC
WLTI 2022
WLTI 2022+ HC

Option 1: AIS

Option 2: GIS (SF6)

Option 3: GIS/GIB SF6 free

5.62
5.30
8.43
8.12

6.19
7.22
3.98
5.02

5.34
5.66
3.14
3.45

The sensitivity analysis around the WLTI completion shows that if the project completes in 2022
instead of 2021, option 3 (GIS switchgear) would produce the least worst regret. This is mainly as any
delay to completion of WLTI project affects the start of Windyhill 275kV switchgear replacement
project, and that the constraint costs for the AIS options is much greater than the GIS in the years
immediately after 2021. Overall, option 3 provides the least worst regret with the exception of the
scenario when WLTI project is complete 2021 with the High Carbon prices sensitivity. Even in this
case, the NPV difference is marginal, therefore Option 3 is recommended to provide better value for
consumers.
5.6 Conclusion
Based on the results of the CBAs carried out considering the four energy scenarios, further analysis
using the least worst regret analysis, and the taking into consideration the risks associated around
delay of WLTI project, Option 3: GIS with SF6 free GIB has been identified as the preferred option.
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Please find below the forecasted cost, timing, outputs and the monetised risk benefit for this option:
-

Forecast costs: £ 43.64m
Delivery year: 2026
Declared outputs: Addition – 14 units / Disposal – 11 units
Monetised risk benefit: Lr£536.01m
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Future Pathways – Net Zero

6.1 Primary Economic Driver
The primary driver for this investment is asset condition and risk. The investment does not have a
strong reliance on environmental benefits.
6.2 Payback Periods
The CBA indicates that a positive NPV results in all assessment periods (10, 20, 30 & 45 years) which
is consistent with the lifetime of the intervention. Consumers benefit from reduced network risk
immediately on completion of the project.
6.3 Pathways and End Points
The network capacity and capability that result from the proposed option has been tested against
and has been found to be consistent with the network requirements determined from the ETYS and
NOA processes. Additionally, the proposed option is consistent with the site-specific capacity
requirements from SPT’s Energy Scenarios.
6.4 Asset Stranding Risks
Electricity generation, demand and system transfers are forecast to increase under all scenarios. The
stranding risk is therefore considered to be very low.
6.5 Sensitivity to Carbon Prices
Carbon price sensitivities have been applied using the higher case CBA template. The CBA outcome is
influenced by losses and is sensitive to carbon prices.
6.6 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.
6.7 Whole Systems Benefits
Whole system benefits have been considered as part of this proposal. The capacity and capability of
the preferred option is consistent with the provision of whole system solutions.
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Outputs included in RIIO T1 Plans

The replacement of the circuit-breakers was included in the RIIO-T1 business plan for completion in
2020. However, when considered in the context of baseline wider works, generation connections
and associated reinforcements, the other switchgear replacement schemes and overhead line
modernisation works, the availability of system access was challenging. Following extensive coordination with National Grid ESO, the decision was taken to substitute additional OBR30/60
replacement works at Wishaw 275kV and Strathaven 275kV and to defer the works at Windyhill to
RIIO-T2. Applying the NOMS framework in place at the time of the decision, the result was an equal
number of Replacement Priority 1 circuit breakers being replaced in the revised intervention plan as
had been agreed in the final proposals. That is, the substitutions were like for like. The management
of the population of air-blast circuit-breakers was defined in the RIIO-T1 business plan as a multiprice control strategy and the reordering of the replacement of the OBR30/60 circuit breakers was
consistent with that strategy.
The proposal being presented now for RIIO-T2 has taken account of the engagement with the ESO
during RIIO-T1 period, with the new proposal designed around minimising outage requirements and
constraint costs. Additionally, the operating environment has changed, and will change further, from
when the RIIO-T1 business plan was agreed. For example, the early closure of Longannet has, and
the planned closure of Hunterston will result in an increased reliance on the Western Link to secure
demand in Scotland during times of low wind. This is particularly relevant to Windyhill given its
connectivity on boundary B5 and south towards Hunterston.
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Background
Whilst SPT were building their RIIO-T2 business plan it was identified that there was a
need to investigate all the electrical assets at Windyhill 275kV substation. During the
optioneering process, SPT identified a number of potential options, however several have
been ruled out due to their higher capex costs and long outage durations on key circuits.
The remaining options are an on-line AIS build and an off-line GIS build. The AIS option
is a lower capex option however, the outage combinations and durations are much
greater compared with the GIS option.
In order to determine the most economic and efficient solution for consumers, SPT has
requested the ESO assesses each option and provides their corresponding constraint
cost estimations to allow SPT to undertake their own CBA.
SPT has also requested a sensitivity around the construction of NOA reinforcement WLTI
(Windyhill–Lambhill–Longannet 275kV circuit turn-in to Denny North 275kV substation).
The rationale for this is to help understand if SPT’s CBA outcome could be affected by
any unforeseen delays in the completion of the WLTI project, since both will impact the
capability of boundary B5.
In addition to the above combinations, the ESO was also requested to assess intact
network conditions on B5. This will assist SPT in calculating the incremental constraint
costs associated with each of the options outage requirements. All options considered in
this assessment are summarised in table 1 below.
Table 1 - Options under assessment

Option

Detail

No WLTI
1. Intact

B5 capability with no construction outages

2. AIS

B5 capability with AIS construction outages

3. GIS

B5 capability with GIS construction outages

With WLTI
4. Intact

B5 capability with no construction outages

5. AIS

B5 capability with AIS construction outages

6. GIS

B5 capability with GIS construction outages
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Method
To assess the economic benefit of the various options, we used the capability provided
by SPT within our economic assessment tool Bid3. Bid3 is an externally owned tool built
by Poyry and works in two parts. First there is an economic market dispatch, and then
there is a secondary redispatch of the market to satisfy boundary constraints. The cost
associated with the redispatch, from paying generators to turn up and down via their bids
and offers, is the modelled cost to balance the electricity transmission network.
The boundary capabilities provided will determine the benefit, or disbenefit, to the
network from the options considered. The capabilities were submitted with a 1 day
granularity from 2021 to 2024 inclusive. These values were converted to an 8760 annual
profile for each year, scenario and build type for use in Bid3. For each option the model
was redispatched with the appropriate B5 boundary profile, the redispatch costs can then
be compared to determine the most economical option. Since the costs of the build
options are not available, the results of this assessment will only serve to indicate which
build option is favourable based the incremental constraint costs with respect to the intact
option.
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Results
All redispatch costs were calculated with the Social Time Preference Rate applied to
discount future cash flows to present values (PV). This is our standard method used in all
CBAs and the NOA.
Tables 2 and 3 below illustrates the total difference, or additional constraint costs incurred
due to outages for each option with respect to the intact option with and without WLTI in
the background. The results in this section are the total forecast constraint costs for both
options across the 2021 to 2024 period for each scenario.
Table 2 - Total constraint costs without WLTI in the background in PV

Without WLTI

AIS

GIS

Two Degrees

£50.8m

£7.0m

Community Renewables

£21.6m

£2.2m

Consumer Evolution

£17.9m

£2.0m

Steady Progression

£27.5m

£3.0m

Table 3 - Total constraint costs with WLTI in the background in PV

With WLTI

AIS

GIS

Two Degrees

£9.8m

£0.2m

Community Renewables

£2.8m

£0.2m

Consumer Evolution

£2.9m

<£0.1m

Steady Progression

£5.0m

£0

Figure 1 – Additional constraint costs (no WLTI) w.r.t intact conditions in PV
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Figure 2 – Additional constraint costs (with WLTI) w.r.t intact conditions in PV
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Conclusion
No investment recommendations can be made from this assessment since the capex of
each option has not been taken into account. From the results however, it can be seen
that the GIS option incurs much lower forecast constraint costs than the AIS option. In
addition, the WLTI project, as predicted, has a significant impact on the potential
constraint costs. The ESO can therefore conclude that it would be in the GB consumers’
best interest to ensure this scheme of work is completed ahead of the Windyhill project.
Whilst the results of this report are useful for drawing a comparison, in order to make an
investment decision they must be compared with like-for-like present value data.
Therefore, it is recommended that the discounted capex of each option in an 18/19 price
base be calculated and factored into a robust CBA methodology along with the forecast
constraint costs in this report.
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Appendix A
Total annual forecast constraint costs in present values

Scenario

No WLTI
Intact

No WLTI AIS No WLTI GIS WLTI Intact

WLTI AIS

WLTI GIS

Two Degrees £3,263.11m

£3,313.94m

£3,270.08m

£3,215.37m

£3,225.19m

£3,215.52m

Community
Renewables

£1,641.37m

£1,662.97m

£1,643.58m

£1,611.49m

£1,614.32m

£1,611.71m

Consumer
Evolution

£1,806.26m

£1,824.14m

£1,808.24m

£1,787.15m

£1,790.00m

£1,787.20m

Steady
Progression

£1,723.11m

£1,750.64m

£1,726.10m

£1,689.80m

£1,694.78m £1,689.80m*

*This value has been set to = WLTI intact. The original value was marginally lower than intact conditions, caused by
optimisation variance within BID3.
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