Application by SP MANWEB for an Order Granting Development Consent for the North Wales
Wind Farms Connection
Reference number: 10031265
Dear Sirs
On behalf of the Pylon the Pressure Group, please find our responses for consideration by the
Examination Authority.
Yours sincerely,
Dyfrig Hughes (chair of the Pylon the Pressure Group)

Our responses are specific to questions:
1.17 - Comment on the cost of alternative technological approach to making a connection.
8.1 - Do you agree with the applicant that the benefits that would be derived from undergrounding
the cable as a means of reducing visual effects are likely to be outweighed by the effects of
underground cables on habitats, ground cover, land management and unknown archaeology? Please
provide a brief explanation.
------------------------------------Summary
The Pylon the Pressure Group contends that SP Manweb’s conclusion “that the benefit of an
underground cable as an alternative to an overhead line in this area would not outweigh any extra
economic, social or environmental impacts” is not supported by its assessment. SP Manweb’s
rejection of a wholly underground alternative for this project is based entirely on the higher costs,
however the estimated cost of undergrounding is given as a total costs, and not as the incremental
cost (i.e. the difference between undergrounding and overhead transmission for the entire route). A
conclusion that costs exceed the benefits cannot be made without the comparison of the
incremental costs with the incremental benefits.
We further contest the accuracy of SP Manweb’s cost estimates. SP Manweb’s calculation of lifetime
costs is based on 25 years of operational life whereas underground cables have a design life of up to
40 years, and can last longer. There are inconsistencies in SP Manweb’s calculations, including costs
of transmission losses, costs of undergrounding (per km), costs of operation and maintenance. Our
own estimate of the incremental, lifetime cost of undergrounding, is £19.6m (range £12.0m to
£24.4m).
The Pylon the Pressure Group contends that the benefits of an underground cable, as an alternative
to an overhead line, will clearly outweigh any extra economic, social and environmental impacts. To
support this, we conducted a contingent valuation experiment to determine the willingness to pay of
households in the region of the pylon route. We asked “What would be the maximum amount your
household would be willing to pay per month, for cables to be placed underground instead of using
pylons?” Among the 138 respondents, 72 (52%) lived within 2km of the pylon route. From our
analysis we estimate a mean willingness to pay value of £12.29 per month, and willingness to accept
a compensation of £34.79 per month. The net present value of monthly payments over 40 years per
household was £3,175 (and £8,988 compensation). Based on 7,677 households in the region, the
incremental value of undergrounding was estimated as £24.4m (£69.0m based on compensation).
The additional benefits of undergrounding exceed the additional cost of development, and therefore
the criteria set in EN-5 are met.

Detailed responses
1. SP Manweb’s proposed 132kV overhead line will have an adverse impact on the landscape not
least in terms of visual disamenity, which can be mitigated by burying transmission lines
underground (or “undergrounding”).
2. The National Policy Statement for Electricity Networks Infrastructure (EN-5) states: “at
particularly sensitive locations the potential adverse landscape and visual impacts of an
overhead line proposal may make it unacceptable in planning terms, taking account of the
specific local environment and context”. It further states that “the IPC should … only refuse
consent for overhead line proposals in favour of an underground … if it is satisfied that the
benefits from the non-overhead line alternative will clearly outweigh any extra economic, social
and environmental impacts and the technical difficulties are surmountable.”
3. In its assessment of undergrounding, SP Manweb considered the following (Document reference
7.3; para 4.18):
3.1. lifetime costs (based on capital cost, cost of electrical transmission losses and operational
and maintenance costs calculated over the asset lifetime, which for the purposes of this
report is assumed to be 25 years)
3.2. specific factors such as areas of high technical or environmental constraints and areas of
the highest recognised amenity value.
4. In relation to specific factors, SP Manweb noted (Document reference 7.3; para 4.22) that “the
technical design requirements do not have a material impact on the choice of solutions
considered due to the overall length of the connection”
5. SP Manweb’s rejection of a wholly underground alternative for this projects is based entirely on
the higher costs (Document reference 7.5; para 4.3.1) but concluded that (Document reference
6.3): “the benefits [of undergrounding] are likely to be outweighed by the effects of
underground cables on for example, habitats, ground cover and unknown archaeology.” It
further states (Document reference 7.3; para 4.25): “that the benefit of an underground cable as
an alternative to an overhead line in this area would not outweigh any extra economic, social or
environmental impacts”.
6. The Pylon the Pressure Group contends that SP Manweb’s conclusion is not supported by its
assessment. We further contest the accuracy of SP Manweb’s cost estimates, as outlined in the
following paragraphs.
6.1. SP Manweb’s calculation of lifetime costs is based on 25 years of operational life
(Document reference 7.3; para 4.18) whereas elsewhere in the planning application, an
operational life of 40 years is stated [for overhead lines]. Underground cables have a design
life of up to 40 years but can last longer. Components such as the joints and cable sealing
ends are normally replaced after 40 years.
6.2. There are inconsistencies in SP Manweb’s calculations, including:
6.2.1.“Transmission losses have been estimated to be approximately £2.1M for an entire
underground design” (Document reference 7.5; para 4.3.1) and “Transmission losses
have been estimated to be approximately £1M” (Document reference 7.3; para 4.19),
and “SP Manweb has estimated the losses in this case to be £100k less than the all
overhead design” (Document reference 7.5; para 4.3.10).
6.2.2.Correspondence between SP Manweb and the Rt Hon David Jones MP on 30th May
2014 suggests values of £340k per km (overhead), £1.1m per km (in arable or unmade

ground), and £1.3m per km (not £1.6m per km) in the case of made ground (e.g.
roadway).
6.2.3.SP Manweb’s total costs for operation and maintenance (£17,739 per km per year for
underground cables) is about 18 times higher than values quoted elsewhere
[http://www.westernpower.co.uk/docs/About-us/Our-business/Our-network/CurrentWPD-Planning/Stage-2-library/Detailed-reports/Lifetime-Costs-Report.aspx]. No
comparable costs are provided for overhead lines.
6.3. The estimated cost of undergrounding (in the range of £59.6M to £71.3M) is given as a total
costs, and not as the incremental cost (i.e. the difference between undergrounding and
overhead transmission for the entire route). A conclusion that costs exceed the benefits
cannot be made without the comparison of the incremental costs with the incremental
benefits.
Cost of undergrounding
7. The Pylon the Pressure Group has itself calculated the incremental costs of undergrounding.
These are largely based on a previous costing report
[http://www.westernpower.co.uk/docs/About-us/Our-business/Our-network/Current-WPDPlanning/Stage-2-library/Detailed-reports/Lifetime-Costs-Report.aspx], using figures from SP
Manweb’s application wherever possible.
8. For both overhead lines and underground cables, lifetime costs comprise:
8.1. the capital cost of procuring, installing and commissioning;
8.2. the on-going costs of the electrical energy lost in overcoming the electrical resistance in the
conductors and
8.3. the on-going ‘other costs’ of operations and maintenance.
9. Lifetime costs are calculated as the sum of the Capital Cost of the equipment, installed and
commissioned, net present value of the cost of losses over the lifetime of the assets, and the net
present value of the typical cost of operation and maintenance over the lifetime of the assets.
10. Based on our own best estimate (see table for calculation), the incremental, lifetime (40 year)
cost of undergrounding is £19.6m. It is likely that the cost will be less than this, as the route
extension, from 17km to 24km is presumably to follow ‘made’ ground (i.e. roads). Based on a
distance of undergrounding comparable to the pylon route (i.e. more direct), the incremental
cost is £12.0m; while based on £1.3m per km for 24km, the incremental, lifetime costs
incremental increases to £24.4m. It is notable that other sources estimate the cost of 132kV
underground cables to be £986k per km [http://www.westernpower.co.uk/docs/About-us/Ourbusiness/Our-network/Current-WPD-Planning/Stage-2-library/Detailed-reports/Lifetime-CostsReport.aspx]. The incremental cost also does not consider that the undergrounding of low
voltage lines would no longer be necessary.

Overhead

Underground

Notes

Input variables
Length of route (km)
Cost per Km

Capacity of windfarms (MW)
Average circuit utilisation (load factor)

Resistance per km (ohm)

Cost per MWh
Average Maintenance Costs per year per km

17.4

24

340000

1100000

148

148

0.275

0.275

0.121975

0.0315

45

45

800

1000

5916000

26400000

40.7

40.7

Overhead route stated as being 17.4 km in length, no details provided for the 24 km
route of undergrounding
SP Manweb states the cost of 132kV overhead line as £340k per km, and the cost of
undergrounding as £1.1m to £1.6m per km depending on whether a cable is installed in
a roadside verge, or in roads. Correspondence between SP Manweb and Rt Hon David
Jones MP on 30th May 2014 provides values of £340k per km (overhead), £1.1m per km
(in arable or unmade ground), and £1.3m per km in the case of made ground (e.g.
roadway)
Figure of 148 MW cited without the Nant Bach (Vattenfall) development
Figures published by the Department for Energy and Climate Change, give the average
load factor for onshore wind farms in the UK as between 25 and 30%. This figure varies
between regions and on an annual basis (in Wales 2012 for example, the load factor
was 25.1%
[https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/244
732/1_regional_renewables_2012.pdf]). A mid-point 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 for each is evaluated
Taken from http://www.westernpower.co.uk/docs/About-us/Our-business/Ournetwork/Current-WPD-Planning/Stage-2-library/Detailed-reports/Lifetime-CostsReport.aspx
Wholesale price of electricity
Stated by SP Manweb to be £17,739 per km per year for undergrounding (Document
reference 7.5; para 4.3.17), but this is nearly 18 times higher than £1000 quoted
elsewhere [http://www.westernpower.co.uk/docs/About-us/Our-business/Ournetwork/Current-WPD-Planning/Stage-2-library/Detailed-reports/Lifetime-CostsReport.aspx]. Operating and maintenance cost of overhead lines taken from this report

Calculations
1. Capital Cost of Equipment

= length of route (km) x cost per km

2. Cost of Losses
Average loading (MW)

= Capacity of windfarms (MW) x Average circuit utilisation (load factor)

Average current (A)
Resistance of circuit
Line losses (kW)
Annual Cost of Losses (£/yr)
3. Net Present Value of the Cost of Losses (CL)
4. Cost of Operation and Maintenance per year
Net Present Value (NPV) of the typical Cost of
Operation and Maintenance over the lifetime
Total Lifetime Cost

Incremental cost

178.016333

178.016333

= Average loading (MW) x 1000 / (132 kV x SQRT(3))

2.122365

0.756

201.7720615

71.8725

= length of route (km) x resistance per km (ohm)
= 3 x (Average Current)^2 x Resistance of circuit (ohm) / 1000

£79,539

£28,332

£1,698,551

£605,035

£13,920

£24,000

= Line losses (kw) x 24 hrs x 365 days x Cost per MWh / 1000
This is a conservative estimate, as SP Manweb estimate a difference of £100k
Lifetime specified as 40 years. Treasury Green Book recommends a discount rate of
3.5% per annum
= Average Maintenance Costs per year per km x length of route (km)

£297,263

£512,522

Lifetime specified as 40 years. Treasury Green Book recommends a discount rate of
3.5% per annum

£7,911,814

£27,517,557

Sum of Capital cost of equipment, Net Present Value of the Cost of Losses, and Net
Present Value of the typical Cost of Operation and Maintenance over the lifetime

£19,605,743

Difference between undergrounding and overhead lines

Benefits of undergrounding
11. The Pylon the Pressure Group contends that the benefits of an underground cable, as an
alternative to an overhead line, will clearly outweigh any extra economic, social and
environmental impacts.
12. The National Policy Statement for Electricity Networks Infrastructure (EN-5) states: “The impacts
and costs of both overhead and underground options vary considerably between individual
projects (both in absolute and relative terms). Therefore, each project should be assessed
individually on the basis of its specific circumstances. Decisions on undergrounding are best
taken within a more flexible policy framework using case by case evaluation.”
13. We note that SP Manweb has considered the impacts of its proposed development using
qualitative measures which are subjective, and open to interpretation. Its assessment of the
susceptibility and value of the landscape, and determination of an overall assessment of
sensitivity is wholly subjective, based on “informed professional assessment” (Document
reference 6.7; para 7.4.54). Conspicuous by its absence is the input of local knowledge and
individuals’ preferences in determining landscape impacts.
14. Part of the challenge of assessing the impact of overhead lines, and the benefits of
undergrounding is in determining the value of preserving the landscape. One accepted approach
for non-market goods, is the contingent valuation method, which determines peoples’
willingness to pay (WTP), (the maximum amount of money an individual is willing to give up) in
order to receive the benefits of undergrounding. Compared with research based on secondary
data (as in SP Manweb’s application), research involving primary data collection has the
advantage of allowing value estimates to be based on specifically defined populations, meeting
the case-by-case criteria specified in EN-5. Identifying the monetary value of two competing
landscapes (with and without pylons) makes their worth comparable and allows decision makers
to consider these relative to their respective costs. As the main stated preference method, the
contingent valuation method is essentially a means of eliciting a willingness to pay value for an
environmental change from a sample of the general public. The UK Treasury guidance refers to
the method as an appropriate tool for eliciting values for public goods and a range of ministries
have undertaken studies for measuring non market values for environmental change. Ofgem
notes that household WTP for transmission options that improve visual amenity could be
‘captured’ in order to finance schemes such as undergrounding
[https://www.ofgem.gov.uk/ofgem-publications/57966/14986-visual-impacteftec010606.pdf].
15. We conducted a contingent valuation experiment to determine the WTP of households who
would be affected by the pylon route. Between 8th and 30th August 2015, we advertised (see
Figure 1) the survey on village notice boards, at local events (Flint & Denbigh agricultural show),
supermarkets, Denbigh Golf club and Denbigh library. The content of the survey is presented in
Figure 2. Respondents were unable to progress from one question to the next without a
response, but were free to exit the survey at any time. The survey was set up in
http://www.kwiksurveys.com which allowed for cookies to prevent more than one survey to be
completed per IP address, otherwise the survey was completely anonymous.
16. The survey consisted of 4 questions. Care was exercised in presenting the context in a neutral
way, indicating the disadvantages of undergrounding – as noted by SP Manweb (i.e. impact on
sensitive habitats, soils and geology, and damage heritage assets, such as archaeological sites),

17.

18.
19.

20.

21.

as well as the visual impact of the pylons (using a photograph of a nearby 132kV line near St
George). With the assistance of a map, the first question asked how far away respondents lived
from the pylon route. The second question asked about their monthly WTP (per household) for
the underground option instead of pylons. Question 3 asked about how much compensation
respondents would be willing to accept (WTA) (per household) for pylons instead of
undergrounded cables. The final question asked whether respondents owned or rented land
which would be affected by the proposed development.
Based on previous such studies, we assumed a standard deviation of £10 in respondents’ WTP
and aimed for a 5% level of significance in determining the sample mean as being within £2 of
the true population mean WTP. The sample size calculation indicated that at least 96 responses
were required = [(1.96 x 10)/2]^2.
One-hundred-and-forty-eight responded to the questionnaire; 138 responded to questions 1
and 2; 134 responded to questions 1,2 and 3; and 131 completed all four questions.
Among the 138 respondents, 72 (52%) lived within 2km of the pylon route, 33 (24%) lived
between 2km and 5km of the route, 14 (10%) lived between 5km and 10km, and 19 (14%) lived
further than 10km.
We were mindful of the possibility of ‘protest bids’
[http://ageconsearch.umn.edu/bitstream/29000/1/21020160.pdf] – respondents indicating a
WTP of zero on the basis that they object to the development and didn’t agree that they should
pay any amount for someone else’s development. There were 32 responses which indicated a
WTP of zero. In order to reduce bias, we discarded 16 WTP responses which indicated a value of
zero, but which expressed a desire to be compensated >£2 per month. We did not include a
category of zero compensation, but considered that a respondent indicating zero WTP and
willing to be compensated less than £2 a month would not be a ‘protest’ responder.
Interestingly, 12 of the 16 who were excluded indicated the highest category (>£50 per month)
of compensation, lending support to our assumption for protest bids.
Thus the final number of valid WTP responses was 122, who responded as per the table below.
In the base-case analysis, we assumed the mid-point WTP for each category >£0. For the
category of >£50, we conservatively assumed £55 per month. The mean WTP was £12.29 per
month (bootstrapped 95% confidence interval, £9.39 to £15.19 per month). The median WTP
category is £2 to £5 per month.

Willingness to pay (per month)
Nothing
Less than £2
£2 to £5
£5 to £10
£10 to £20
£20 to £30
£30 to £40
£40 to £50
More than £50
Total

Number of respondents (%)
16 (13%)
21 (17%)
28 (23%)
18 (15%)
15 (12%)
6 (5%)
3 (2%)
6 (5%)
9 (7%)
122 (100%)

22. The final number of valid responses for assessment of Willingness to Accept (WTA)
compensation was 134, who responded as per the table below. In the base-case analysis, we

again assumed the mid-point WTP for each category. For the category of >£50, we
conservatively assumed £55 per month. The mean WTA was £34.79 per month (bootstrapped
95% confidence interval, £30.84 to £38.74 per month). The median WTP category is more than
£50 per month.
Willingness to accept (per month)
Less than £2
£2 to £5
£5 to £10
£10 to £20
£20 to £30
£30 to £40
£40 to £50
More than £50
Total

Number of respondents (%)
27 (20%)
7 (5%)
4 (3%)
8 (6%)
7 (5%)
4 (3%)
9 (7%)
68 (51%)
134 (100%)

23. To test the validity of responses, we assessed the influence of distance from the pylon route on
WTP and WTA, and observed a trend towards a decrease in both values as distance increased.
Distance from route
Mean WTP
Mean WTA
Less than 2km
£16.24
£38.82
2km to 5km
£9.48
£33.52
5km to 10km
£3.79
£24.54
More than 10km
£8.59
£29.03
* Note WTP and WTA in the >£50 per month category assigned a value of £55
24. We also assessed the influence of being directly affected by the pylon route (as landowner or
renting affected land; n=17) on WTP and WTA, and observed a higher WTP and WTA for those
affected directly.
Status
Mean WTP
Mean WTA
Landowner/ renting land
£29.65
£50.38
Not a landowner/ renting land
£10.28
£32.76
* Note WTP and WTA in the >£50 per month category assigned a value of £55
25. From our analysis of stated preference using contingent valuation, we estimate a mean WTP
value of £12.29 per month, and WTA of £34.79 per month. In sensitivity analyses, we: (i)
conservatively assigned the lower value of each discrete category (zero for the category “less
than £2”), and (ii) assume, anti-conservatively, the higher value of each discrete range (£100 for
the category “more than £50”). This defined the lower and upper limits for mean WTP as £9.80
and £17.72 per month, respectively. The corresponding range for mean WTA is £30.85 and
£59.02 per month, respectively.
26. The net present value of monthly payments over 40 years per household was calculated by
applying the Treasury Green Book recommend discount rate of 3.5% per annum. This considers
the lifetime of the development.
26.1.
Net present value of WTP was £3,175 (lower limit £2,532, upper limit £4,578)
26.2.
Net present value of WTA was £8,988 (lower limit £7,970, upper limit £15,249)

27. In order to calculate the aggregate total monetary value of benefits of undergrounding versus
overhead lines, we identified the number of households in the study area. We used census data
(2011) to determine the number of household by post code prefixes
[http://www.nomisweb.co.uk/census/2011/postcode_headcounts_and_household_estimates].
Postcode
LL15 2
LL16 3
LL16 4
LL16 5
LL17 0
LL18 5
LL18 6
LL22 8
LL22 9

Number of occupied households
920
892
351
585
1984
1144
640
557
604

Total

7677

28. Multiplying mean household value of discounted WTP and WTA by the number of households
gives:
Incremental value of undergrounding
based on WTP
based on WTA

Mean
£24,374,475
£69,000,876

Range
£19,438,164 to £35,145,306
£61,185,690 to £116,298,873

29. We therefore conclude that the additional benefits of undergrounding (£24.4m based on WTP,
£69.0m based on WTA) exceed the additional cost of development (£19.6m), and therefore the
criteria set in EN-5 are met. When the entire route is under ‘made’ ground (i.e. below roads), the
incremental cost becomes £24.4m, equal to the mean WTP estimate; but still far less than even
our most conservative WTA estimate.
30. Respondents’ WTP and WTA reflect how they value the landscape, whether this is derived from
preserving ecology and biodiversity, visual amenity, historic environment, archaeology, land use
and agriculture, socio-economics and tourism, potential health impacts of electric and magnetic
fields, or any combination thereof. As such, WTP/WTA estimates are all-encompassing, provided
the questions posed are relevant, and the sample representative. Given that our survey was
anonymous, we were unable to guarantee representation from businesses, tourist and visitors,
which might have led to an underestimation of the true WTP/WTA. Our scaling-up to population
WTP/WTA estimates was based exclusively on the number of occupied households in the region.
We neither considered growth in the number of households over the next 40 years (the
Bodelwyddan development alone will include 1,715 new dwellings) or the number of visitors /
tourists to the area. This also suggests our WTP/WTA is an under-estimation of the true value.
31. Our contingent valuation provides an important evidence-base on the relative strength of public
preferences for transmission options for the North Wales Wind Farms Connection Project.
Overall, the values generated are highly contextual, depending on both the landscape and the
options available (undergrounding versus overhead transmission). This is an important point to

note, because it means that a landscape’s “value” as addressed in this study, is not independent
of the change that was being considered in the context of SP Manweb’s proposed development.
As such it provides a more robust evidence base for rational economic decision-making than the
reliance on methods such as Landscape Character Assessment
[http://www.snh.org.uk/pdfs/strategy/landscapes/Annex.pdf].
32. In support of our study, an expert report, commissioned by Ofgem noted that: “If the additional
costs of, say, undergrounding options are well-known and what is required is primarily an
indicative guide to whether, for example, visual impacts “tip the balance” towards these options,
then we would only need to know if benefit estimates exceed the ‘threshold’ of cost or estimate
how large WTP would have to be to justify any additional cost (in short, at least as much as the
costs).” [https://www.ofgem.gov.uk/ofgem-publications/57966/14986-visualimpacteftec010606.pdf]

Figure 1. Advert.

Background
SP Manweb is proposing to connect the wind farms in the Clocaenog Forest area to the electricity
network via a substation at St Asaph. The connection will use 15m-high double wood poles, spaced
around 80m apart for 17km (10½ miles). There will be environmental consequences, including
effects on the landscape and views, effects on cultural heritage (such as passing close to listed
buildings), effects on woodland, agriculture, tourism and recreation.
The alternative would be to place the electricity cables underground. Cables can be laid in ducts in
roads or across agricultural fields. The trench for an underground cable is approximately 1.5m wide
and a different route would increase the connection length to 24km (15 miles). While
undergrounding cables might reduce the visual impact, digging might disturb sensitive habitats, have
an impact on soils and geology, and damage heritage assets (such as archaeological sites).
In order to determine whether the underground option is preferred, and if so, by how much, we
invite you to complete a short questionnaire. It will take no more than 5 minutes of your time, and is
completely anonymous. We will have no way of knowing who has responded, but we respectfully
ask that only one questionnaire is completed per household.

Questions
1. How far do you live from the wind farm electricity connection? (less than 2km, between 2km
and 5km, between 5km and 10km, more than 10km)

2. What would be the maximum amount your household would be willing to pay per month, for
cables to be placed underground instead of using pylons? (£ per month). Note: this is
hypothetical, but please respond as if it were true.
[nothing], [less than £2], [between £2 and £5], [between £5 and £10], [between £10 and £20],
[between £20 and £30], [between £30 and £40], [between £40 and £50], [more than £50]
3. What minimum amount of monthly compensation would your household be willing to accept, in
order to have pylons instead of underground cables? (£ per month). Note: this is hypothetical,
but please respond as if it were true.
[less than £2], [between £2 and £5], [between £5 and £10], [between £10 and £20], [between £20
and £30], [between £30 and £40], [between £40 and £50], [more than £50]
4. Does the connection route pass through your land (or land that you rent)? (y/n)
Thank you for completing the questionnaire.
If you have any queries, please e-mail: pylonthepressure@gmail.com
If you require further information about the SP Manweb North Wales Wind Farms Connection,
please follow this link: http://infrastructure.planningportal.gov.uk/projects/wales/north-wales-windfarms-connection/

Figure 2. Survey

