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Executive Summary 

In accordance with Part C of Special Condition 3.14 Medium Sized Investment Projects (MSIP) Re-

opener, this application presents the case for the installation of a harmonic filter in the southwest 

(Kintyre Peninsula) region of the SSEN Transmission licence area. This submission is asking Ofgem to 

only provide a decision on approving the need, and not the preferred solution and associated 

allowances. We intend to request the full project allowance as part of the January 2024 MSIP 

submission window. 

The southwest region is located geographically within Argyll and extends southwards towards 

Carradale 132kV substation. There are two 220kV subsea cables connecting the SSEN Transmission 

and ScottishPower Transmission (SPT) licence areas. In recent years, we have been monitoring power 

quality issues in this region of our network. This has manifested in voltage distortions at Crossaig 

Substation. The disturbances remain above the planning threshold for the system and show no trend 

towards resolution without physical intervention in the network.  

Following a series of system tests undertaken to isolate the cause and location of the effect, it has 

been determined that the background fifth harmonic in the SPT area at Hunterston is being amplified 

over the Kintyre-Hunterston High Voltage Alternating Current (HVAC) link into the southwest region. 

This testing was also successful in eliminating the Western HVDC Link1 as a source of the problem but 

ultimately identifies harmonic dampening benefits obtained from its HVDC convertor station filters 

which are normally lost when it is not in operation.  

The elevated harmonic levels, caused by the amplification of background harmonics in the SPT region 

through the two subsea cables, will not dissipate without intervention and it is anticipated that the 

issue will only get worse because of increased customer connections in the area. The detrimental 

impact of not intervening can lead to the maloperation of equipment; system overloading; 

degradation in lifetime of assets; and subsequent impacts on end consumers due to the resultant 

earlier replacement of assets. 

Our current preferred solution involves the installation of a harmonic filter on the Argyll side of the 

Kintyre Hunterston HVAC link at Crossaig Substation. System testing has identified this location as 

providing optimal system benefit (as described further within chapter two). Furthermore, by aligning 

the installation of the filter with the proposed Argyll 275kV reinforcement works at Crossaig we further 

improve efficiency of installation through concurrent platform construction and site works. We are 

currently engaging with an external consultancy to carry out the filter design work, paralleling our 

current engagement with the regulator for approval. 

Next steps 

We will continue to refine our optioneering and detailed cost estimate during 2023.  We intend to 

seek approval for a preferred option and request the full project allowance as part of the January 2024 

MSIP submission window, at which point we will have identified a site for the filter and completed key 

procurement activities.   

 
1 Western HVDC Link - SP Energy Networks 
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1 Introduction  

1.1 Scope 

This document sets out the need for intervention and initial cost estimates associated with the 

development of an AC harmonic filter in the southwest (Kintyre peninsula) region of the SSEN 

Transmission licence area. 

In accordance with Scottish Hydro Electric Transmission Plc’s Special Licence Condition ‘3.14 Medium 

Sized Investment Projects Re-opener and Price Control Deliverable (MSIPRE)’ we are submitting this 

reopener application in line with paragraph 3.14.6 (h) ii: “Harmonic Filtering projects that are needed 

following system studies by the System Operator or the licensee showing a need for additional 

Harmonic Filtering on the National Electricity Transmission System”.  

This project meets the materiality threshold set out within our transmission licence. This submission 

is asking Ofgem to only provide a decision on approving the need, and not the preferred solution and 

associated allowances. We intend to request the full project allowance as part of the January 2024 

MSIP submission window.  

1.2 Structure and content of MSIP Submission 

Section 2: Need  

This section provides an explanation of the ‘’need’’ for the planned works. It provides evidence of the 
primary driver and, where applicable, secondary drivers for undertaking the planned works. Where 
appropriate it provides background information and/or process outputs that generate or support the 
“need”.  

Section 3: Optioneering and preferred solution   

This section presents all the options considered to address the “need” that is described in Section 3. 
Each option considered here is either discounted with supporting reasoning provided or is taken 
forward for further analysis. It presents a summary of the process undertaken to identify preferred 
technology, site and routes along with the clear criteria used to assess the various options. The 
preferred solution is described in terms of key features including how that option has addressed the 
need. 

Section 4: Cost information   

This submission is seeking approval of need only. The cost section provides a summary of the 
indicative project cost for information purposes only.   

Section 5: Conclusion  

This section provides summary detail of the selected option. It sets out the scope and outputs, costs 
and timing of investment and where applicable other key supporting information. The conclusion 
clarifies the next steps and reiterates critical timeline of project and key milestones such as Ofgem 
decision.    
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2 Need 

2.1 Investment Driver  

As a Transmission Owner (TO), SSEN Transmission has a responsibility to support National Grid ESO in 

ensuring that the power quality on the system including (but not limited to) the deviation of voltage, 

frequency, and waveform of a power system from the established, standard values – is kept under 

control and remains within acceptable and manageable levels. A degradation of power quality across 

the network can have severe effects on the reliability of the system and therefore appropriate action 

must be taken should this condition arise. 

One element of power quality is harmonics which are components superimposed on the fundamental 

frequency supply waveform with frequencies at integer multiples of the fundamental frequency. In 

the GB network, the fundamental frequency is 50Hz meaning the second harmonic order is 100Hz, the 

third harmonic order is 150Hz, etc. With the connection of increasing levels of generators and demand 

technologies incorporating power electronic technology, harmonics are becoming more prevalent on 

our system. Harmonic distortion can lead to a wide variety of issues including the overheating of assets 

and interference leading to the malfunctioning of equipment. It is therefore increasingly important 

for harmonics to be managed and kept under control. As an example, Figure 2.1 shows how the 

fundamental frequency supply waveform can become distorted because of harmonics being 

superimposed. 

 

 

Figure 2.1 -Example of harmonic distortion on the fundamental waveform 
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to the 10th.  The figure shows that the transfer coefficient is high between the fifth and sixth harmonic 

orders meaning that these harmonics will be amplified across the 220kV subsea cables.  Based on 

monitoring, it is the fifth harmonic which is most susceptible to this phenomenon. 

 

 

Figure 2.3 - Transfer coefficient profile between Hunterston and Crossaig substation (under minimum fault level) 

A further review of the monitoring data in a time series format found that the fifth harmonic is not 

consistently above the planning level – but rather it appears to have step changes above and below 

the threshold.  The net effect of this behaviour are CP954 monthly harmonic values being recorded 

above the planning level.  A review of potential causes of step changes in harmonic levels in the SPT 

area identified the Hunterston HVDC converter station and its associated AC filters as being a likely 

source.   

To test this conclusion, a system test was arranged jointly with the ESO and SPT to switch an AC filter 

bank tuned to the fifth harmonic at the converter station into service whilst the Western HVDC Link 

was not operating.  Figure 2.4 shows the recorded fifth harmonics on 22 July 2021 and two clear step 

changes can be observed in the results which correspond to the exact times of filter bank switching. 

 

Figure 2.4 - Fifth order harmonics at Crossaig 220kV for 22/07/2021 
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Both the analytical work and system monitoring has confirmed that the periods of fifth harmonic being 

above the planning level correspond to those points in time where the harmonic background level 

within SPT’s transmission area is at a maximum with the Western HVDC Link out of service.  As is 

standard practice, the AC filters at Hunterston are only in service when the converter station is 

operational to provide local filtering and reactive compensation for the link transfer. 

For completeness, the future reinforcements planned for the southwest region of our network have 

been studied and do not have any significant impact – either positive or negative – on the amplification 

of fifth harmonic into the region. The transfer coefficient between Hunterston and the region is not 

materially impacted by the proposed reinforcements in the Argyll and Kintyre project. 

2.3 Current Operational Mitigation 

As demonstrated above, maintaining a single AC filter bank in service when the Western HVDC Link is 

not operational can mitigate the issue in the SSEN Transmission area.  However, AC filters deliver 

capacitive reactive power to the system at fundamental frequency and can therefore act to increase 

the voltage at their point of connection. 

The ESO has investigated if this operational measure can be applied and found that there are a small 

number of outage combinations within the SPT area when it cannot be used due to problematically 

high post fault voltage conditions.  As a result of this, the ESO control room will, where possible based 

on system conditions, retain an AC filter bank in service when the Western HVDC is not operative.  

However, although this does not present a complete mitigation, the harmonic levels within the 

southwest region have not been found to breach the compatibility levels and no customer complaints 

have been received. 

2.4 Failure to Develop an Enduring Mitigation Measure 

As with many power quality issues, it is difficult to make quantitative projections of future growth in 

harmonic distortion due to the complex nature of the phenomena.  However, given the increase in 

generation connections expected within the region which have the potential to incrementally add to 

local harmonic distortion, taking no action to develop a comprehensive mitigation measure would 

expose the system and its users to risks.  Because of this, SSEN Transmission has identified that the 

installation of a dedicated passive AC filter within the southwest region is a necessary and effective 

system reinforcement.  If no filtering is deployed then new connections could incur additional costs to 

attempt, on a site by site basis, to compensate for the elevated fifth  harmonic.  This would be 

inefficient with the optimal placement of filtering being more effective within the TO network. 

The detrimental impact of not intervening could potentially lead to the maloperation of equipment; 

system overloading; degradation in lifetime of assets; and subsequent impacts on end consumers due 

to the resultant earlier replacement of assets. 
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harmonic filter would potentially expose the 
system to medium term risks.  The difficulty in 
forecasting increases in harmonics makes this 
approach difficult to justify. 

3 

Operational mitigation 
using current 

Hunterston HVDC 
Converter Filters 

Yes 
Although this method is currently in use, it is not 
comprehensive, cannot be relied upon and will 
incur a degree of operational costs. 

4 

Harmonic Filter in the 
southwest region of 
SSEN Transmission 

network 

 

Yes 

Subject to review in detailed filter design studies 
currently underway. At this stage possible locations 
options include:  

• Crossaig 132kV substation 

• Carradale 132kV substation 

• Crossaig 33kV substation (tertiary winding 
connection)  

• Crossaig North 33 kV substation 

 

Table 2: Summary of mitigation options 

Installation of a harmonic filter in the region is therefore the only enduring option available to address 

the issues outlined within chapter two. Based on there being only one technically feasible option, 

there is no requirement to carry out a full cost benefit analysis (CBA) to select a preferred option.  
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5 Conclusion 

This submission is seeking Ofgem approval of the need to address the harmonic distortion in the 

southwest region of our network through the installation of a harmonic filter. Our preferred location 

is in the immediate vicinity of Crossaig Substation. This investment is the only enduring option 

available to address the issues associated with fifth order harmonic distortion (as outlined within 

chapter two). 

This submission outlines a minimum requirement to install a harmonic filter in the southwest region 

of SSEN Transmission’s network. The purpose of this installation is to reduce fifth order harmonic 

distortion in the region. As evidenced within section two, failure to do so will not address the problem 

and return harmonics in the region to below acceptable planning levels.  In the meantime, it has been 

agreed with National Grid ESO that the current operational mitigation will continue to be used (where 

feasible).  We will continue with routine monitoring and report to National Grid ESO should there be 

any indication that the problem is increasing or reducing in severity. 

This submission is not requesting approval of either the location of the solution or associated 

allowances. Based on system testing, we know that installation of a harmonic filter would have an 

immediate impact on the fifth order harmonics observed at Crossaig substation. We therefore intend 

to focus further optioneering on those substations in the immediate vicinity of the Crossaig substation 

(at differing voltage levels) to ensure we select the most economic and effective option as our 

preferred option.  

Next steps 

We will continue to refine our optioneering and detailed cost estimate during 2023. We intend to seek 

approval for a preferred option and request the full project allowance as part of the January 2024 

MSIP submission window, at which point we will have identified a site for the filter and completed key 

procurement activities.   




