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1 Introduction 

1.1.1 During the evolution of the Brechfa Forest Connection project WPD has 

been challenged with regard to the relative costs of undergrounding 

compared with overhead.  As a result WPD produced two reports which set 

out the respective costs for each infrastructure option and these were 

presented at the non-statutory Stage 1 and Stage 2 consultations.  The first 

report, The Report into Underground Costs1 was issued in June 2013.  This 

report set out indicative cost estimates to underground the whole of the 

connection from the chosen point of connection near Llandefaelog to the 

three wind farms which, at that time, formed part of the project. Three 

options were devised and assess with costs per km ranging from £950,000 

to £1,003,000.  An average cost per km of £986,000 was established. 

1.1.2 As part of the Stage 1 consultation WPD was asked to provide the lifetime 

costs of underground and overhead connections because it was considered 

by consultees that the reduction in maintenance costs associated with 

underground cable may reduce the overall cost differential between the two.  

1.1.3 WPD therefore prepared The Lifetime Costs Report2 dated February 2014 

and this was issued for Stage 2 consultation.  This report considered the 

costs of constructing, maintaining and operating a connection to the three 

wind farms based upon a wholly underground and a wholly overhead 

connection.  The report concluded that the lifetime costs would be £40.84 

million for underground and £9.86 million for overhead. 

1.1.4 Subsequent to Stage 2 consultation the Brechfa Forest Connection project 

has evolved such that it is now proposed to connect one wind farm, Brechfa 

Forest West.  This has resulted in a shortening of the connection from an 

indicative length of 40km to one of 28.6km. WPD has therefore revisited the 

lifetime costings for an underground or overhead connection.  

                                                            
1 http://www.westernpower.co.uk/docs/About-us/Our-business/Our-network/Current-WPD-
Planning/Library/Underground-Cable-Costs-Report.aspx 
2 http://www.westernpower.co.uk/docs/About-us/Our-business/Our-network/Current-WPD-Planning/Stage-
2-library/Detailed-reports/Lifetime-Costs-Report.aspx 
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1.1.5 This report presents the calculated costs to connect the Brechfa Forest West 

Wind Farm via overhead line to the connection point.  It also provides the 

same calculation for an underground cable connection.  The cost 

differentials resulting from the use of these different infrastructure types is 

provided. 

1.1.6 Appendix 1 presents the cost calculations undertaken for a connection to the 

three wind farms, updated from those provided within the Lifetime Costs 

Report February 2014.   
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2 Infrastructure Options 

2.1 Introduction 

2.1.1 The consultation process has informed the selection of the preferred route 

corridor for the 132 kV connection to the proposed Brechfa West Wind Farm. 

The route length of the new build associated with the circuit may vary, 

depending on the final route within limits of deviation, but is likely to be in the 

order of 28km3 from the connection to the existing EE route to the wind farm 

substation.  

2.1.1 The new circuit would be either overhead lines using wood pole construction 

or of underground cable utilising polymeric cables or a combination of both. 

The capital costs installation of underground cables is significantly higher 

than overhead lines. However, in comparing the relative costs of the 

overhead and underground options, consideration should be given to the 

lifetime costs of the options. The lifetime costs consider the on-going cost of 

each option over the lifetime of the installation, allowing a more accurate 

comparison of the relative costs. 

2.2 Overhead Lines 

2.2.1 Wood pole lines are constructed to Electricity Network Association Technical 

Specification (ENATS) 43-50 issue 24. This construction type is nominally 

known as a “Trident” line due to the appearance of the poles once 

constructed. To achieve the rating for the total output of the Brechfa West 

wind farm, a standard construction utilising “Poplar" 200 mm2 AAAC 

construction is adequate. 

2.2.2 At times, circuits must be taken out of service for repair and maintenance.  

Under fault conditions, rapid restoration times are achievable on overhead 

line circuits. While overhead circuits are more susceptible to transient faults 

than underground cables the repairs are generally quick to achieve and of 

                                                            
3 The length as shown on the works plans is 28.6km 
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low cost.  In addition, emergency structures can be erected in relatively short 

timescales to bypass damage and restore supplies. Overhead line 

maintenance and repair therefore provides a good degree of operational 

flexibility which helps reduce security of supply risks to end consumers. 

2.2.3 Overhead lines have a design life of 40 years but can last 120 years. 

Components such as the insulators are normally replaced after 20-40 years, 

(depending upon their condition) and conductors are normally replaced after 

40-50 years. 

2.3 Underground cables 

2.3.1 Underground cable circuits require significant civil works associated with 

installation. These make the construction times for cable circuits longer than 

for overhead lines.  The construction swathe required for one AC circuit 

approximately 16m wide. 

2.3.2 132kV cables can be laid in either a trefoil or flat formation. The depth of lay 

and relative spacing between circuits have a significant impact on the ability 

of the circuit to transfer power.  It is normal to lay cable at a depth of 1m, and 

circuits are laid as far apart as possible to minimise mutual heating effects. 

To achieve the rating required, a 630 mm2 would be installed. 

2.3.3 Identifying faults in underground cable circuits will often require multiple 

excavations to locate the fault and some repairs will require extraction and 

installation of new cables which can take a number of weeks to complete. 

While underground cables are less susceptible to transient faults, permanent 

faults are challenging to locate. The costs of fault location and consequent 

repairs are costly. 

2.3.4 Underground cables have a life of up to 40 years. Components such as the 

joints and cable sealing ends are also normally replaced after 40 years. 
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3 Lifetime valuation of costs 

3.1.1 Lifetime valuations for each of the infrastructure options are presented. The 

valuations include the lifetime cost of energy losses and the lifetime 

operation and maintenance costs. 

3.1.2 The following formula has been used to assess the total lifetime cost of each 

option to provide the basis for comparison. 

CTot = CDC + CL + COM 

Where: 

CTot is the Total Lifetime Cost 

CDC Is the Capital Cost of the equipment,  installed and 

commissioned 

CL Is the Net Present Value of the Cost of Losses over the 

lifetime (40years) of the assets 

COM Is the Net Present Value (NPV) of the typical Cost of 

Operation and Maintenance over the lifetime (40 years) of the 

assets. 

3.1.3 In the absence of detailed tenders the following costs have been used in 

estimating the capital costs of the installation of circuits.  These costs are 

informed by the calculations undertaken and presented within the Report into 

Underground Cable Costs and from WPD’s experience of constructing 

similar connections within south Wales: 

 132 kV overhead line £150k per km; 

 132kV underground cables £986k per km. 
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3.1.4 From figures published by DECC, the average load factor for windfarms is 

between 25 and 30 %.  The Brechfa West Wind farm is yet to be built.  

Therefore, in the absence of specific load factor figures for the wind farm a 

value of 27.5 % has been used in the calculation. From this load factor, the 

average loading of the circuit and the consequent losses per annum can be 

evaluated.  

3.1.5 The historical on-going cost for 132 kV overhead line and underground 

cables in WPD (South Wales) and WPD (South West) were utilised to 

calculate lifetime costs. This was achieved by using the total annual costs for 

Inspection & Maintenance, Faults, Tree Cutting over a two year period and 

setting the results against the total length of circuit in service to calculate the 

average cost per km per year. 

* Table 1 below shows the basis of the calculation of typical Cost of 

Operation and Maintenance 

Table 1– Typical Costs of Operation and Maintenance 

  132kV OH Lines 132 kV UG Cables 

0.0 £m 1.9 0.0 

Faults £m 0.0 0.1 

Tree Cutting £m 0.3 0.0 

Total £m 2.2 0.1 

Length in Commission £m 2612 100 

Cost per km per year £m 0.8 1.0 

 

3.1.6 The resultant average Cost of Operation and Maintenance of £800 per km 

per year for overhead lines and £1,000 per km per year for underground 

have been used in the calculation of lifetime costs.  
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4 Calculations of Costs 

4.1.1 The following lifetime costs are calculated for overhead line and underground 

cable. 

4.2 Overhead Line 

 

Capital Cost of Equipment (CDC) 

 

𝐂𝐃𝐂 =
28 × 150

1000
= £𝟒. 𝟐 𝐦𝐢𝐥𝐥𝐢𝐨𝐧 

Cost of Losses (CL) 

 

 

Average Loading (MW) =
175 × 27.5

100
= 23.1MW 

 

 

 

 

Resultant Current Amps =
23.1 × 1000

132 × √3
= 101.04 Amps 

 

Resistance 28 km OH Line = 3.88Ω 

 

 

OH Line Losses (kW) =
3 × (101.04)2 × 3.88

1000
= 118.83 

 

 

Annual Cost of Losses OH Line(£ per year) =
118.83 × 24 × 365 × 48

1000
= £49,965.64 

 

𝐂𝐋 =  £𝟔𝟑𝟏, 𝟒𝟎𝟕  
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Cost of Operation and Maintenance (COM) 

O an M  costs per year = 28 × 800 = £22,400 

 

𝐂𝐎𝐌 =  £𝟐𝟖𝟑, 𝟎𝟔𝟓 

CTot = CDC + CL + COM 

 

𝐅𝐨𝐫 𝐎𝐇 𝐋𝐢𝐧𝐞 𝐎𝐩𝐭𝐢𝐨𝐧 𝐂𝐓𝐨𝐭 = 𝟒. 𝟐 + 𝟎. 𝟔𝟑𝟏 + 𝟎. 𝟐𝟖𝟑 = £𝟓. 𝟏𝟏𝐦𝐢𝐥𝐥𝐢𝐨𝐧 

 

4.3 Underground Cable 

 

Capital Cost of Equipment (CDC) 

 

𝐂𝐃𝐂 =
𝟐𝟖 × 𝟗𝟖𝟔

𝟏𝟎𝟎𝟎
= £𝟐𝟕. 𝟔𝟏 𝐦𝐢𝐥𝐥𝐢𝐨𝐧 

Cost of Losses (CL) 

 

 

Average Loading (MW) =
84 × 27.5

100
= 23.14 MW 

 

 

 

Resultant Current Amps =
23.14 × 1000

132 × √3
= 101.04 Amps 

 

Resistance 28 kmUG cable = 1.08Ω 

 

  

OH Line Losses (kW) =
3 × (101.04)2 × 1.08

1000
= 33.08 

 

 

Annual Cost of Losses OH Line(£ per year) =
33.08 × 24 × 365 × 48

1000
= 13,910 
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𝐂𝐋 =  £𝟏𝟕𝟓, 𝟕𝟕𝟖 

 

 

Cost of Operation and Maintenance (COM) 

 

O an M  costs per year = 28 × 1,000 = £28,000 

 

𝐂𝐎𝐌 =  £𝟑𝟓𝟑, 𝟖𝟑𝟏 

 

CTot = CDC + CL + COM 

 

𝐅𝐨𝐫 𝐔𝐆 𝐂𝐚𝐛𝐥𝐞 𝐎𝐩𝐭𝐢𝐨𝐧 𝐂𝐓𝐨𝐭 = 𝟐𝟕. 𝟔𝟏 + 𝟎. 𝟏𝟕𝟔 + 𝟎. 𝟑𝟓𝟒 = £𝟐𝟖. 𝟏𝟒 𝐦𝐢𝐥𝐥𝐢𝐨𝐧 

 

(NPV calculated over 40 years at discount rate of 7% excluding tax relief allowance) 

(Cost of Losses = £48/MWh) 

4.4 Summary 

4.4.1 In summary the total lifetime cost to connect the Brechfa Forest West Wind Farm, 

based upon a 28km length of connection would be £5.11 million for all overhead 

and £28.14 million for all underground.  
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5 Conclusion 

5.1.1 The inclusion of lifetime costs increases the overall cost of each option. However, 

although the increase in lifetime costs of the overhead option is larger than that of 

the underground cable option, it has no influence on the relative ranking of each 

option. The overhead option costs £23 million less than the underground option. 

The conclusion of this report is that an overhead line connection option is 

preferred as the means of providing the new connection although WPD recognise 

that this may need to be redressed in some areas due to amenity and 

environmental issues.  
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Appendix 1 

Lifetime Costs to connect the Three Wind Farms 
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1 Calculations of Costs 

1.1.1 The following lifetime costs are calculated for a 40km overhead line and 

underground cable to connect the Brechfa Forest West, Brechfa Forest East and 

Bryn Llywelyn Wind Farms.   The construction costs per km for OHL are given as 

£192,000 reflecting the increased cost associated with twin pole as opposed to 

predominantly single pole construction. 

1.2 Overhead Lines 

Capital Cost of Equipment (CDC) 

 

𝐂𝐃𝐂 =
40 × 192

1000
= £𝟕. 𝟖 𝐦𝐢𝐥𝐥𝐢𝐨𝐧 

Cost of Losses (CL) 

 

 

Average Loading (MW) =
175 × 27.5

100
= 48.125 MW 

 

 

 

 

Resultant Current Amps =
48.125 × 1000

132 × √3
= 210.492 Amps 

 

Resistance 40 km OH Line = 4.879Ω 

 

 

OH Line Losses (kW) =
3 × (210.492)2 × 4.879

1000
= 648.52 

 

 

Annual Cost of Losses OH Line(£ per year) =
648.52 × 24 × 365 × 48

1000
= £272,670 

 

𝐂𝐋 =  £𝟑. 𝟒𝟒𝟔 𝐦𝐢𝐥𝐥𝐢𝐨𝐧 
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Cost of Operation and Maintenance (COM) 

O an M  costs per year = 40 × 800 = £32,000 

 

𝐂𝐎𝐌 =  £𝟒𝟎𝟒, 𝟎𝟎𝟎 

 

CTot = CDC + CL + COM 

 

𝐅𝐨𝐫 𝐎𝐇 𝐋𝐢𝐧𝐞 𝐎𝐩𝐭𝐢𝐨𝐧 𝐂𝐓𝐨𝐭 = 𝟕. 𝟖 + 𝟑. 𝟒𝟒𝟔 + 𝟎. 𝟒𝟎𝟒 = £𝟏𝟏. 𝟔𝟓 𝐦𝐢𝐥𝐥𝐢𝐨𝐧 

1.2.1 When the costs of construction, losses during operation and operation and 

maintenance costs are combined, the lifetime cost to connect the three wind farms 

would be £11.65 million. 

1.3 Underground Cable 

Capital Cost of Equipment (CDC) 

 

𝐂𝐃𝐂 =
𝟒𝟎 × 𝟗𝟖𝟔

𝟏𝟎𝟎𝟎
= £𝟑𝟗. 𝟒𝟒 𝐦𝐢𝐥𝐥𝐢𝐨𝐧 

Cost of Losses (CL) 

 

 

Average Loading (MW) =
175 × 27.5

100
= 48.125 MW 

 

 

 

Resultant Current Amps =
48.125 × 1000

132 × √3
= 210.492 Amps 

 

Resistance 40 kmUG cable = 1.26 Ω 
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OH Line Losses (kW) =
3 × (210.492)2 × 1.26

1000
= 167.48 

 

 

Annual Cost of Losses OH Line(£ per year) =
167.48 × 24 × 365 × 48

1000
= £70,422 

 

𝐂𝐋 =  £𝟖𝟗𝟎, 𝟎𝟎𝟎 

 

Cost of Operation and Maintenance (COM) 

O an M  costs per year = 40 × 1,000 = £40,000 

 

𝐂𝐎𝐌 =  £𝟓𝟎𝟓, 𝟎𝟎𝟎 

 

CTot = CDC + CL + COM 

 

𝐅𝐨𝐫 𝐔𝐆 𝐂𝐚𝐛𝐥𝐞 𝐎𝐩𝐭𝐢𝐨𝐧 𝐂𝐓𝐨𝐭 = 𝟑𝟗. 𝟒𝟒 + 𝟎. 𝟖𝟗 + 𝟎. 𝟓𝟎𝟓 = £𝟒𝟎. 𝟖𝟑𝟓 𝐦𝐢𝐥𝐥𝐢𝐨𝐧 

 

(NPV calculated over 40 years at discount rate of 7% excluding tax relief 

allowance). (Cost of Losses = £48/MWh) 

1.4 Summary 

1.4.1 In summary the total lifetime cost to connect the three wind farms which originally 

formed the Brechfa Forest Connection Project, based upon an indicative 40km 

length of connection, would be £11.65 million for all overhead and £40.835 million 

for all underground.  

 




