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1 Introduction
A number of 120MVA, 275/33kV Supergrid Transformers (SGTs) are planned to be replaced during
the RIIO-T2 period, as part of non-load and/or load related works. For a system with increasing
levels of embedded generation, these transformers are a poor compromise between maintaining a
1000MVA design fault level and voltage regulation.
Kilmarnock Town GSP 120MVA 275/33kV transformers were installed in 1964 and the 33kV A and B
switchboards were replaced in 2015 (Siemens NX+), there are currently 10 bays installed on the A
board and 11 bays on board B. The GSP is located to the south of Kilmarnock and supplies the local
town as well as East and North Ayrshire.
The primary driver for investment at Kilmarnock Town GSP is fault level reduction at the 33kV
switchboard to within the system design limits set by SP Distribution. This will also serve to facilitate
additional embedded generation at the site. Secondary driver for investment is the management of
substation risk as informed by the NARMS methodology. In developing the proposed solutions at the
substation we have worked collaboratively with SPD to ensure the best whole electricity system is
considered and an economic, co-ordinated and efficient solution is selected.

2 Background Information
This paper supports the replacement of the existing 120MVA transformers at Kilmarnock Town 33kV
GSP to mitigate the fault level on the 33kV distribution network fed from the GSP. The fault level
issue is pre-existing and has been highlighted by SPD as one of the top 11 sites requiring intervention
within the ED-1/T-2 timescales.
SPD have offered a connection to GSK for the installation of a 20MW CHP scheme and to Sneddon
Law Wind Farm at 30MW. These connections will increase the fault level on the 33kV board.
Mitigation shall be required prior to the connection of any additional generation onto the 33kV
board. A summary of the connected and contracted generation is given in Table 1.
Table 1: Existing Generation (as per SPD 2018 LTDS)
Generator

Connection
Status
Connected
Connected
Connected
Accepted
Accepted

Craignaught Quarry Landfill
Glennon Generation
GSK Wind Turbines
GSK CHP
Sneddon Law Windfarm

Size (MW)
0.7
2.3
6.9
20
30

SPD will issue a Modification Notice to SPT in due course to reduce the fault level infeed into the
33 kV Switchboard from approximately 1115 MVA to around 750 MVA during the RIIO-T2 period. As
this fault level issue is pre-existing, the cost associated with the mitigation works is to pass to SPD.
The existing system fault level is given in Table 2.
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Table 2: Existing Kilmarnock Town GSP Fault Level (as per 2018 LTDS)
Initial Peak (ip)
51.01
50
102.02

Fault Level Value (kA)
Design Rating (kA)
% of Rating

RMS Break (Ib)
17.63
17.5
100.74

As part of the LTDS publication SPD indicate the connection activity associated with Kilmarnock
Town GSP for the 6 months before June 2019. This shows 4 connection offers for Generation
totalling 7.47MW and 11 Demand offers totalling 4.61MW.
The SPT Scenarios indicate that the net peak demand at Kilmarnock Town 33kV is forecast to be
68.6MW by 2040, as shown in Table 3. The present peak demand is 77.1MW. Embedded
generation with a total capacity of 50MW is contracted to connect, which includes the 30MW
Sneddon Law windfarm.
Table 3: Kilmarnock Town demand and generation scenarios
2018

2040 Forecast

Scenarios
Net GSP
Demand

Generation
Capacity

Total
Demand

Generation
Capacity

Net GSP Peak
Demand

Community
Renewables

77.1

11.9

105.8

69.9

55.9

Two Degrees

77.1

11.9

104.0

61.8

55.9

Steady
Progression
Consumer
Evolution

77.1

11.9

95.3

57.4

68.6

77.1

11.9

93.2

64.4

63.6

The secondary objective to manage network risk is driven by the condition of the assets on site.
Shown in Table 4 is the associated condition of the assets at Kilmarnock Town GSP substation.
Table 4: Kilmarnock Town GSP Asset Condition information
Asset ID

Asset Description

14147196

KILT275TRXSGT1

14148066

KILT275TRXSGT2
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3 Optioneering
The following is a summary of the options considered for this project.
Table 5: Longlist Proposed Options
Option

1

2

3

4

5

6

7

Status

No Intervention

Rejected

Enhanced Fault Level
Assessment

Rejected

Transformer AutoChangeover and
network
reconfiguration

Rejected

Bus Section Reactor
33kV

Rejected

Series Reactors 33kV
120MVA

Proposed

The installation of a bus section reactor is not viable at the GSP site due to the
configuration of the GSP. The installation of a bus section reactor on this site would
require 4 x 33kV circuit breakers and a complex operational scheme to ensure the
fault level is correctly mitigated. As such this has not been taken forward as a short
list solution in this case.
-

Replacement
275/33kV
Transformers
(90MVA)

Proposed

-

Series Reactors
275kV 120MVA

Rejected

The installation of series reactors on the 275kV side of the transformers would also
serve to increase the impedance however the higher voltage would lead to increase
costs for the associated reactors and as such has been discounted from the short
list options.

New 132/33kV GSP

Rejected

Installation of a new 132/33kV GSP would reduce the fault level infeed from the
transmission network however, this would require the installation of both 275/132
kV assets and 132/33kV assets. The required works for this project when compared
against others on costs and timescales mean that it is not viable and as such has
been discounted from the short list selection.

Resistive
Superconducting
Fault Current Limiter

Rejected

Pre-Saturated Core
Fault Current Limiter

Rejected

A solid state device which under normal operating conditions provides minimal
resistance but in the event of a fault the conductor moves out of superconducting
state and becomes a resistor. Although this device reduces fault current on the
network, it also introduces complex operational and maintenance requirements
with the introduction of cryogenic systems onto the network. These devices are also
costly when compared to other options both in capital costs to install and also
operational costs to maintain.
This device limits fault current during a fault. This system is only available from one
supplier and would introduce complicated operational and maintenance
requirements into the business; as such it has not been taken forward as a short list
option.

8

9

10

Reason for rejection
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It is not possible to undertake no intervention as a Mod App is expected from SPD
specifically requesting a reduction in fault level infeed from the SP Transmission
Network.
Current network models are based on static assumptions on network conditions.
Improved modelling of the network through real time data collection and network
operating conditions would allow for a more accurate model of fault level. This does
not reduce the fault level and so has been discounted.
Allows for high levels of fault level reduction but reduces the overall thermal
capacity available at the site. Also opens up to customer service issues with
temporary loss of supply during network reconfiguration.
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Is-Limiter

Rejected

The use of such a device which relies on an explosive charge would introduce
complex operational and maintenance requirements onto the network. As such this
has not been taken forward to the short list selection.

Install higher rated
switchgear and
increase system fault
level limit

Rejected

Generation Tx
standards

Rejected

New 275/33kV
120MVA Dual LV
Winding Transformer

Proposed

Installing higher rated switchgear could allow for increased fault level capacity
allowing for additional generation to connect to the network. This however has
implications on other plant and equipment connecting and connected to the
network and on any existing EHV customers. We would also require reviewing the
capability of other plant and apparatus to withstand the higher fault level. As such
this has not been taken forward as the proposed solution.
Creating new standards for newly connected generation. This would allow the DNO
to stipulate that the connection requires higher impedance transformers. This
comes at a higher cost to the generator but may enable a connection. As this does
not provide any additional capacity it has not been taken forward as the preferred
solution for the short list.
-

11

12

13

14

Based on engineering design studies and assessment against the associated critical success factors
the following options have been considered for further detailed review within both the CBA and the
Engineering Justification Paper.





Transformer replacement at End of Life (no intervention during RIIO-T2)
Series Reactors 33kV 120MVA
Replacement 275/33kV Transformers (90MVA)
New 275/33kV 120MVA Dual LV Winding Transformer

4 Detailed analysis
All four proposed options achieve the main objective of mitigating the fault level at the Kilmarnock
Town GSP. Only the options accelerating the replacement of the existing 275/33kV transformers also
address the secondary objective of managing risk associated with the site due to asset condition.

a. Baseline: Replacement of 275/33kV Transformer at End of Life
This option would involve the replacement of the existing transformers with new units of higher
impedance. This would increase the impedance between the transmission and distribution network,
reducing the transmission fault level infeed. It is proposed that the replacement transformers will
be rated at 90MVA in order to adequately mitigate the fault level infeed from the transmission
network, although the forecast total demand at the site exceeds 90MVA.
A proposed layout of this installation is shown in Figure 1 below.
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SGT1

SGT2

Figure 1: Proposed New Transformer Layout

Costs associated with this option are £6,455,615 and this includes the associated civil works (bund,
plinth, etc.) as well protection & control and BOP works.
It is envisaged that the transformers will require online installation resulting in outages on SGT1 and
SGT2 to allow for the removal of the existing transformers, replace the existing civil assets and install
the new transformers.
Based on current NARMS asset condition data the transformers have 20 years remaining before
reaching end of life and would be scheduled for replacement at an approximate asset age of 75
years. Due to the level of connection activity forecast at Kilmarnock Town GSP substation and the
existing contracted generation at the site, the delay of the works till approximately 2039 would act
as a significant barrier. This solution does not meet the needs of either SPD or the connecting
customers.

b. Option 1: 33kV Series Reactors
This option involves commissioning a reactor between the 33 kV Circuit breakers and the 275/33 kV
Transformer/Auxiliary Transformer. This will increase the impedance between the transmission and
distribution network, reducing the transmission fault infeed.
A proposed layout of the installation considered is included below:

SGT2

SGT1
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Figure 2: Proposed Series Reactor Layout
Costs associated with this option are £2,238,840 associated with the initial capital cost of the
solution. The whole life cost for the site is £8,694,456 (including transformer replacement) this
includes the associated civil works, transformer replacement costs as well protection & control and
BOP works.
It is envisaged that the reactors could be installed offline reducing outage time, although a
substation extension would be necessary. However, an outage on SGT1 and SGT2 will be required in
order to commission the reactors onto the network.
This is a high-expenditure option as it requires works during RIIO-T2 and further work when the
transformers are replaced at the end of their life. The installation of series reactors creates less fault
level headroom than option 3, but also retains the existing capacity of 120MVA. A concern with this
option is that the minimum fault level at the site becomes too low, potentially leading to voltagestep and power quality issues. These concerns, and the need for further works when the
transformers reach the end of their life, mean that this solution cannot be recommended.

c. Option 2: Transformer Early Replacement (90MVA)
This option is as in the baseline but with the acceleration of the transformer replacement to the T2
period rather than as specified via the NARMS End of Life indication. The cost associated with this
option is equivalent to the costs provided in the Baseline solution (£6,455,615). As the existing
assets are over 45 years old they are fully depreciated and would not incur any early replacement
costs.
However, the reduction in capacity from 120MVA to 90MVA is a concern:
1.

2.
3.

The site already has 60MW of generation connected (or contracted to connect). Given
the location of Kilmarnock Town, additional future generation connections are
considered likely. New generation connections would not necessarily be limited by
thermal capacity as e.g. an active network management scheme could be deployed. The
limiting factor is likely to be fault level and a higher margin to the 1000MVA limit would
increase generation headroom and avoid future costs and connection delays.
The demand at the site is relatively high and includes a 33kV customer with additional
network security (three feeders).
A reduction in capacity limits operational flexibility to pick up load from e.g. the
Kilmarnock South or Saltcoats groups.

d. Option 3: New 275/33kV 120MVA Dual LV Winding Transformer
(60MVA+60MVA) – Proposed Solution
As in the Baseline and Option 2 this proposed solution would involve the replacement of the existing
transformers at the site. In this instance the existing 120MVA transformers will be replaced with
Dual LV winding 120MVA transformers, with each LV winding capable of 60MVA. A diagram of the
proposed scheme is given in Figure 3 below.
This option retains the existing 120MVA capacity at the site, while creating fault level headroom to
connect contracted and future generation. With demand projected to grow to above 90MVA, a firm
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site capacity of 120MVA is preferred to reducing the capacity to 90MVA as proposed in option 2.
This also retains the existing level of flexibility to move demand between GSPs in the wider area.
(a)
Firm = 120MVA

T2

(b)
Firm = 120MVA

Z = 22%

(c)

T2

Firm = 120MVA

SGT2

SGT1

Temporary

Figure 3: Proposed Dual LV Winding Scheme at Kilmarnock Town GSP
Note that a new 60+60MVA transformer and an existing 120MVA transformer cannot be operated in
parallel without exceeding the 33kV fault level. If the network is to be operated in this condition for
some time, one of the SGT1 incomers should be run open as shown in Figure 3 (b). In the event of
an SGT2 trip, the open breaker should be closed automatically to ensure that SGT1 is not
overloaded.
Costs associated with this option are £7,455,108 this includes the associated civil works (bund,
plinth, etc.) as well protection & control and BOP works.

e. CBA Results
A summary of the CBA results is given in Table 6 below. The values provided based on the
Community Renewables generation uptake at Kilmarnock Town GSP substation, detailed CBA results
can be found in the associated Kilmarnock Town GSP CBA workbook (CBAv1.6_SPT_SPT20063).
Table 6: Summary NPV Kilmarnock Town GSP (Community Renewables)
Option No.

Desc. Of Option

Preferred
Option

Total Forecast
Expenditure
(£m)

Spend Area
(RRP Table
Reference)

Total NPV

NPVs based on Payback periods (£m)
Delta
(Option to
10 Years
20 Years
30 Years
baseline)

Transformer Replacement End of Life

N

-£

6.70

N/A

£

1.99

£

1

33kV Series Reactor

N

-£

9.03

N/A

£

2.91

£

2

275/33kV Transformer early replacement

N

-£

6.70

N/A

£

3.54

3

275/33kV Dual LV winding 275/33kV 120MVA (60MVA+60MVA) Y

-£

7.46

N/A

£

2.85

Baseline

-

45 Years

£

3.13

£

2.33

£

2.03

0.92

£

2.69

£

4.13

£

3.51

£

2.92

£

1.54

£

0.80

£

3.31

£

3.65

£

3.41

£

0.86

£

0.49

£

2.83

£

3.06

£

2.73

All options as proposed when considered against the baseline solution of maintaining the
transformer until end of life deliver a positive NPV when considered alongside the associated
benefits under the Community Renewables scenario.
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Option 1 has the highest NPV, but as discussion in section 4.B, it is not the preferred solution. The
solution to be installed at Kilmarnock Town is the Dual LV winding 120MVA transformers. Although it
is not the solution with the highest NPV or lowest expenditure in T2, this option offers the best
compromise between cost and capacity for generation connections and demand security. At
Kilmarnock Town GSP substation the 33kV network is already configured to take full advantage of
this solution with an “A” and “B” 33kV switchboards, this would provide the full 120MVA of
generation capacity at the substation. This solution provides the highest fault level headroom of the
shortlisted options; this will accommodate both the existing generation contracted and the current
forecast generation with scope to accommodate any further generation that might arise as part of
the drive to the Net Zero 2045 target, without additional investment at the site.

f. CBA Sensitivity
A sensitivity analysis was carried out for the proposed solutions at Kilmarnock Town GSP in order to
assess the fault level capacity provided by each solution and the impact of additional investment
that may be required to accommodate further generation that may arise out of 2045 Net Zero
targets. The proposed generation uptake was based on a mix of previously contracted generation
and applications received into the GSP both of which were fed by the SP Distribution LTDS. Shown in
are the results of that sensitivity analysis. It can be seen that the proposed solution (Option 3) limits
further investment that may be required should generation values return to previously contracted
levels. This proposed option provides the highest benefit at the site when considered in the context
of Net Zero.
Option No.

Desc. Of Option

Preferred
Option

Total Forecast
Expenditure
(£m)

Spend Area
(RRP Table
Reference)

Total NPV

NPVs based on Payback periods (£m)
Delta
(Option to
10 Years
20 Years
30 Years
baseline)

Transformer Replacement End of Life

N

-£

9.03

N/A

£

10.21

£

1

33kV Series Reactor

N

-£

9.03

N/A

£

14.37

£

2

275/33kV Transformer early replacement

N

-£

9.03

N/A

£

13.45

3

275/33kV Dual LV winding 275/33kV 120MVA (60MVA+60MVA) Y

-£

7.46

N/A

£

15.45

Baseline

4.

-

45 Years

£

10.89

£

10.21

£

10.17

4.15

£

8.09

£

14.04

£

14.31

£

14.31

£

3.23

£

4.83

£

11.69

£

13.21

£

13.22

£

5.23

£

5.99

£

13.24

£

14.98

£

15.17

Future Pathways – Net Zero

Primary Economic Driver
The primary driver for this investment is to reduce the fault level at Kilmarnock Town GSP 33kV
switchboard to within design limits and to provide additional headroom for the connection of
embedded generation.
Payback Periods
A payback period has not been considered. However, the sensitivity CBA considered the carbon
benefits of this investment when considered against historic generation levels shows a significant
positive NPV within 10 years.
Pathways and End Points
There is a high level of connection application activity at this site. Therefore, the investment to
reduce the fault level at Kilmarnock Town also provides headroom for the connection of new
embedded generation in the area; most of it likely to be renewable.
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Asset Stranding Risks
There is no asset stranding risk associated with this funding.
Sensitivity to Carbon Prices
The CBA results are sensitive to carbon price changes. We have not tested this sensitivity, but a
change in carbon prices will not lead to a change in the relative NPV of the options.
Future Asset Utilisation
We expect utilisation of the assets to continue to increase as future demand and generation
connected to the site increase.
Whole Systems Benefits
The solution proposed is a transmission solution to a distribution issue. Both transmission and
distribution solutions have been evaluated in cooperation with SPD. A whole-system approach has
been taken to identify the most economic and efficient solution while also taking changes for Net
Zero into account.

5 Conclusion
All proposed solutions have been reviewed in terms of scope, costs, timescales, construction risk and
feasibility. All options meet the required primary objective of mitigating the fault level on the 33kV
switchboard with Options 2 and 3 also meeting the secondary objective of managing & mitigating
network risk.
The proposed solution, Option 3 involves the replacement of 120MVA transformers with new dualsecondary (three-winding) 60+60MVA units, retaining the total GSP capacity of 120MVA, although
this is split between two 60MVA switchboards.
This design has the following advantages:
1. The full 120MVA firm capacity will be available to demand and generation. Note that this
depends on the fault infeed characteristics of the connected generation. At present with
approximately 60MW of generation contracted and connected the capacity provided by the
solution is likely to be required.
2. The demand at the site is relatively high and includes a 33kV customer with additional
network security requirements. The proposed configuration maintains the customer security
requirement at the GSP.
3. The 33kV switchboards at Kilmarnock Town GSP are already configured to gain the most
benefit from the dual LV winding proposed solution. (A and B 33kV switchboards.)
This option has the following disadvantages however, we believe the advantages to accommodate
future uncertainty at the substation are worth the additional initial capital cost and operational
requirements:
1. The unit cost of the transformer alone is around 5% higher than the cost of a standard
120MVA transformer. However, new installation of 120MVA transformers is now avoided as
this would limit the available headroom for new generation connections.
2. The two 33kV boards may not be interconnected (e.g. via the 33kV network) as this could
increase the fault level to above the design level.
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Project Summary:





Forecast Costs – £ 7.455m
o SPT funded – £0.140m
o SPD funded – £7.315m
Timing of Investment – 2021/2022
Outputs:
o Addition – 2 x 275/33kV 120MVA Dual LV winding transformers
o Disposal – 2 x 275/33kV 120MVA LV winding transformers

Outputs included in RIIO T1 Plans
Not Applicable
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