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Introduction

We welcome the opportunity to comment on this isstrech we regard as important
for the appropriate regulation of electricity tramssion infrastructure in Ireland. In this
submission, we outline a method for comparing osadhand underground electricity
transmission infrastructure options. This methadges into account both the
generalised costs of each option to Irish eletyrigsers and private costs to those in
localities through which the infrastructure willmuWe provide indicative estimates for
some of the key parameters required for assedsenggtions, but we acknowledge that
some important parameters will be specific to lamaiditions and thus may require
further research. We also highlight possible rédesnitigation and compensation
arrangements in dealing with any private costsitieay arise.

A method for comparing overhead and underground traasmission
infrastructure options

In general, the best method for assessing compefitigns for delivering public
infrastructure is cost-benefit analysis (CBA). §hilows the policymaker to weigh up
all the benefits associated with each option ahthalcosts, including social and private
costs. As well as comparing options, CBA wouldwallconsideration of the possibility
that all of the options might prove too expensivgustify.

However, given the question posed in this consahathis submission focuses on the
costs rather than the benefits. In effect, weagsaiming that the total benefits from
reinforcing the transmission system outweigh thal toosts of at least one of the
options being considered and that the benefitsngrisom the two options are broadly
similar? This approach is sometimes called ‘cost-effecidss analysis’.

To identify the optimal infrastructure choice, ateuld sum up all the costs associated
with each of the options being considered (overlaatlunderground). Ideally,
separate assessments should be made for eaclatenoute being considered and for
each segment of a route over which the infrastredigpe could be changed. For
example, it might be most efficient to put transsios lines in densely populated urban
areas underground, whereas those in sparsely geguweeas might be better placed

! This consultation response reflects the viewshefauthors, but it does not necessarily reprebent t
views of the Economic and Social Research Institute

2 Such benefits might includiter alia, increased network capacity, greater scope toeingind
power to the system (reducing Ireland’s &issions) and improved security of supply.



overhead. Costs incurred over time should be sgprein present value terms to
facilitate comparison with up-front costs.

The option with the greatest payoff to Irish sogietll be the one with théowest total
cost If private cost is material for any affected s, compensation may be used to
offset it.

For each option, we suggest that the main compsertdrihe total cost will be the
following:

Societal costs (borne by electricity users or taxpayers)

« Infrastructure construction costs, including thetaaf purchasing rights of way and
any costs incurred to mitigate or compensate foalldisamenities.

* Infrastructure operating and maintenance (O&M) €@std cost of transmission
losses, if these are found to be materially difieteetween the options.

Private costs (borne by those living, working or owning property close to the
transmission line)

+ Visual, noise and aesthetic effects are the masnmon disamenities identified in
the international literature on proximity to higbltage power lines.

* With regard to underground cables, there are uptftosts from the disruption
associated with digging trenches and installingctilgles. Particularly in sensitive
areas, digging trenches for underground cableslraag negative effects on the
environment.

* Any health and safety effects, whether actual ocgieed, would also fall into this
category.

e Mitigation measures, such as planting trees toescwgews of pylons, may be used
to offset some of these private costs if it isaéint to do so. This would have the
effect of reducing the private cost, and thus thal tcost, of the relevant option. A
cost-benefit analysis should be applied to eachiabla mitigation option to
identify whether and where along the route it fecadnt.

In the next section, we draw upon previous inteonal research and some simple
analysis of Irish data to provide some indicatiohBow the costs of overhead and
underground transmission infrastructure are likelgompare under some of these
headings.

Indicative estimates of key parameters

We start with societal costs, i.e. those costsdbsnelectricity users in general.
Infrastructure construction and running costs fheoption depend upon the voltage
being carried, available technology and local cbods. Published estimates vary
considerably, but the overall impression is thatstaucting overhead high voltage
transmission infrastructure over flat terrain gngficantly less costly than underground
cables.

A report commissioned by the European Commissimases that the capital cost for
400kV underground cables is around ten times tratferhead lined. The exact cost
differential will be influenced by factors includjrdensity of population, land prices
and terrain. Table 1 below provides some Eurogséimates of the relative cost of

% ICF Consulting, 2003, p.3.



underground and overhead cables, and Table 4 iArthex provides additional
estimates from the United States.

Table 1: International estimates of the ratio betveen the costs of constructing
380/400kV cables underground vs. overhead

Cost ratio Source
(underground/overhead)
Austria 8 Verbund APG Styria link
Finland - (sea cable) 3.5 Fingrid
France — rural >10 RTE — Piketty Report
France — urban 10-12 RTE
Italy 8 Terna
Norway 6.5 Statnett
Spain 25 REE
UK 15-25 National Grid

Source: after ICF Consulting, 2003, p.14.

It is worth noting that the estimates of the cdpitsst ratio for Ireland published by PB
Power (a factor of 8.7-8.9) seem consistent wihititernational experiende.

The same report indicates that the cost gap tendartow when lifetime costs are
taken into account. Overhead lines are suscepbhlénd damage and consequently
may need more frequent repair. However these iepair be performed quickly and
cheaply. When underground cables are damagedrsepaifar more time consuming.
Tol (2007) argues that the value of uninterruptedtecity supply in Ireland is high
and rising, while Carlsson and Martinsson (2003@jfien that the cost of interruptions
rise more than proportionally with the duratiortloé outage. Table 2 illustrates this
trade-off.

Table 2: The rate of outages and average outage dations in 2003 for a sample of
Virginia utilities, including the effect of storms

Outages /| Outage Duration| Outage Duration
Mile / (minutes / year) | (minutes / outage
Year
Old Dominion Power: Overhegad 0.53 113 213
Underground 0.11 795 7,227
Kentucky Utilities:  Overhead 0.66 352 533
Underground 0.08 634 7,925
Conectiv Power: Overhead 0.84 293 349
Underground 0.28 317 1,132
Allegheny Power: Overhead 1.1 1,086 987
Underground 0.12 480 4,000
Va Electric Power:  Overhead 1.3 132 102
Underground 0.4 116 290

Source: after Johnson, 2006, Fig. 8.

Taking these elements together, it appears thastremtion and running costs tend to
be considerably higher for very high voltage liméten they are installed underground

“ PB Power, 2008, p.6.



rather than overhead Unless the likely private costs are very consibils, this implies
that overhead infrastructure would be the betteragh

We now turn to private costs. There is a riclrditere internationally on the disamenity
effects from overhead power lines, but we are m@ra of any estimates made in a
specifically Irish context. Kroll and Priestley9@1) survey the literature from the
1970s-80s, and Des Rosiers (2002) includes a diseusf more recent work. We
focus here on three dimensions relevant to estgdlie disamenity value:

1. Level of disamenityThere is substantial evidence that householdkse
proximity to high voltage power lines do suffer soform of disamenity. The
most convincing evidence relates house price @iffees to the presence of
nearby high voltage power linésDisamenity effects seem to decline rapidly
as the distance from power lines increases, witke kvidence of negative
effects beyond about 200m. There may be sepdfattsearising from having
a view of the conductors and proximggr se but these effects seem to operate
over a similar distance range. Some authors fiatithe negative effect on
household value is highest immediately after carcsion of a new power line,
but that it declines over time.

2. Variation by land use categoryResearch suggests that the reduction to
property prices from proximity to overhead hightage power lines mainly
affects residences rather than unoccupied fafids important to distinguish
between types of land use when assessing the @eats of proximity to a
power line.

3. The effect of densityThe density of affected areas is also importauty
expected loss in value for unoccupied land can lsitog multiplied by the
guantity of such land along the route. The nundbeesidences within the
affected zone can be obtained from geographicabdaks, and it may either
be multiplied by the average disamenity for theezoncalculated separately
for varying distances from the power line, depegdipon the model used for
the disamenity effect.

We have calculated an illustrative estimate ofpttieate disamenity for residences in
an average one kilometre stretch of a hypothe@i@kin Meath-Cavan transmission
line, proxied by the potential reduction in housegs. To calculate this estimate we
have assumed that:

e 7.1 houses per kilometre fall within 200m of thevime. We arrive at
this rough approximation by assuming that the exadrroute of the
transmission line will have the same household itheas the average
for the two counties (see Table 3 below). Thigr@bably higher than
the actual figure, because properties tend nog torfformly distributed
across each county and we understand that the ggdpoutes pass
mainly through rural areas. Such areas tend te l@ver than average
density;

* Average house prices in this zone fall 5-10% duta¢éarelevant
disamenity® and

® Ibid.

® These are known as “hedonic” models.

" Mitchell and Kinnard, 1996.

8 We take this figure from Gregory and von Wintedfell 996, p.208.



* The average house price is equal to the arithraggcage of 2006
house prices in Meath (€336,959) and Cavan (€282 f8&m ESRI-
Permanent TSB House Price Index data.

Table 3: Approximate density of properties within 20m of a 1km strip of land in Meath-Cavan

Households Area Area Households Households/400m strip 1 km

(ha)  (km? /km? long
Meath County 53,69 193,18¢ 1,932 27.8 11.1
Cavan County 21,86. 233,45¢ 2,335 9.4 3.7
Both 75,55 426,64 4,266  17.7 7.1

Source: estimate by the authors based on CSO 2666US data.

Based on these assumptioti® private cost per km of an overhead transmissio
line in Meath-Cavan would be approximately €106,000€212,000, based on a
house price reduction of 5% to 10% for those within200m of the line.

Note that this estimate is only an illustratioreatly the analysis should be carried out
using a precise map of the proposed routes toifg¢he number of affected properties
and an estimate of disamenity effects deemed apptegor local conditions.

However, given the conservative nature of our agpsgiams, it is likely that more precise
figures would turn out lower than the ones we hestamated. On the other hand, we
have not included the effect of option value: ilistg overhead transmission lines
should reduce the value of potential houses tod should thus reduce the price of
undeveloped lant

We do not have the data to estimate the privates @ssociated with disruption and
environmental effects from the underground optiblowever, in principle, these
should be netted off against the expected costeobverhead option when making the
comparison.

Conclusions

Our analysis suggests that overhead infrastruetoredd give rise to a significantly
lower cost to energy users than underground caéNes after deduction of private
costs. On the basis of the PB Power estimateghwd@em consistent with published
international experience, the underground optionld/gost about €7 million per
kilometre more than the overhead optfdriThis compares with a private cost
difference of only €106,000-212,000 per kilome&stimated using conservative
assumptions.

° Permanent TSB-ESRI House Price Index, Quartef@d6 2

% However, as noted earlier, some internationalanese(footnote 7 above) has found that the efféct o
power lines on the price of unoccupied land wassigriificant.

2 PB Power, 2008, p.6.
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Annex

Table 4: Ratios of Underground to Overhead Costs—Tansmission at Above 230 kV

Ratlos for Transmisslon at Above 230 kV

Khiowvaolt Cost Ratlos,

{kV] Other Cost Notes | Underground to

Level Assumptlons Information Source Owerhead

2201 352 | Single value of 13, with range from 5.1 to 22.1 CIGRE. as cited by the Commission 13

of the Eurgpsan Communities (CEC)

275 Ciouble circuit SHETL. cited by Highland Council 12 10 15
SCFF single crcuit compared to H-frame Institute for Sustainable Energy 8.8
ELPE single circuit compared to H-frame Institute for Sustainable Energy 11
Ratic given as part of discussion of proposed American Trarsmission Co. staff 7.0
345 KV line

343 HFFF single crcuit compared to H-frame Instituts for Sustainable Energy 6.2

) SICFF single crcuit compared 1o steel pole Institute for Sustainable Energy 3Etods

Bethel-Norwalk, 2 miles of XLPE Northeast Utilities 3.2t0 38
XLPE single circuit compared to OH steel pole Institute for Sustainable Energy 201038
HFFF single crouk compared to OH steel poke Institute for Sustainable Energy 251033
Bethel-Norwalk, 10 miles of HPFF MNortheast Utilities 2510 29
Mot stated REE, Spain. cited by ICF 25
Mot stated MNational Grid, UK, cied by ICF 15 to 25
400 kV double circuit line SHETL. cited by Highland Council 14 to 25
Mot stated RTE France, cited by ICF 10 to 20
Mot stated UK Requlator OF GEM. cited by ICF 14
Capital cost, T km 400 kY double circuit fluid- The Highland Council 12
filled
400KV ICF Corsulting 10
Capital cost, 5 km 400 KV double circuit fluid- The Highland Council 9.5
filled
Life cycle cost. 5 km 400 KV fluid-filled The Highland Council 9.110 9.3
Capital cost, 10 km 400 kY double circuit fluid- The Highland Council 2.9
filled

3807 400 Capital cost, 1 km of 400 KV double circuit XLPE | The Highland Council 3.8

o Mot stated APG, Austria, cited by ICF ]

Mot stated Termna, ltaly, cited by ICF E]
400 kY Evropowercak, cited by CEC 1.5
400 k. installed cost Harry Crton 510 10
Mot stated GRTHN, cited by ICF Sto B
Mot stated Fingrid, cited by ICF Sto 8
Life cycle cost, 5 km ling, 400k, XLPE versus The Highland Council T2t 76
oH
Mot stated Statnetl, Norway, cited by ICF 6.5
Capital cost, 5 km, 400 kY. double crouit XLPE The Highland Council 6.4
380 kY lifetime cost ICF report on ltalian regulated tarif 5.9
Capital cost, 10 km, 400 kN double circuit, XLPE | The Highland Council 5.4
Estimate for 400 k' project ICF report. Beauly Scotland line 5
400 kY project in Denmark ICF Corsulting 4.5

500 Fange of ratizs agiven in EIS for four 500 kV LS. DOE EIS documents 10 to 16
projects

383w Ted | Single value of 20, with range from 14610 33.3 CISRE, as cited by the Commission 20

of the Eurcpean Communities (CEC)

Naote: Information sorted from high to low by KV level first. and then by the cost ratio. Where the kW level or the cost ratio is ee-
pressad as a range, the mid-point of the range is usad in sorting from high o low.

Source: JLARC staff compilation.

Source: Joint Legislative Audit and Review Commigs2006, Table 6.




