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EXECUTIVE SUMMARY

Introduction

1. NIE and EirGrid have proposed two new 400kV 1500MVA single circuit overhead
transmission lines (OHL) and associated substations (the “Project”’). The proposals
include firstly an interconnector between their two transmission systems that would
run from the vicinity of Turleenan in Co. Tyrone to the vicinity of Kingscourt in
Co. Cavan, and secondly an EirGrid transmission reinforcement that would run from
Kingscourt to the already established Woodland 400kV Substation in Co. Meath.
Whilst Woodland 400kV Substation is already established, the substations near
Turleenan and Kingscourt would be new.

2. As part of the required consultation and consents processes for such a development
in both Northern Ireland and the Republic of Ireland, applicants need to consider
carefully other possible technical solutions to establish whether any reasonable
alternatives exist.

3. In 2008 the Applicants issued a brief entitled “Island of Ireland — Cavan — Tyrone and
Meath — Cavan 400kV Projects — Preliminary Briefing Note — Overhead and
Underground Energy Transmission Options”, and dated February 2008. This high-
level brief outlined the proposed Project, raised some of the technical and
environmental considerations, mentioned alternative technologies, and made some
early predictions about costs. This present document reports on the detailed
assessments that have been made since then, to add detail to that early outline and
to update the cost estimates.

4, These assessments focussed upon two possible technical alternatives to the
proposed new High Voltage Alternating Current (HVAC) overhead transmission line.
These were:

e HVAC underground cable (UGC), or
¢ High Voltage Direct Current (HVDC) UGC.

5. This report seeks to establish the feasibility of these alternative underground
technologies by making technical, environmental and cost comparisons between
them and the proposed OHL Project. However, whilst the report includes a general
discussion of system implications of installing long lengths of HYAC UGC it does not
seek to establish the feasibility, from a system wide perspective, of installing such
lengths of HVAC UGC on Ireland’s ‘all-island’ transmission network. Likewise, the
report includes a general discussion of the system implications of embedding a HVDC
circuit in an interconnected HVAC network, but again, it does not seek to establish the
feasibility, from a system wide perspective, of installing such a HVDC circuit on this
particular ‘all-island’ transmission network.

6. The comparisons of the technology alternatives have covered three main areas:
technical feasibility, environmental impact, and cost differences. They have all been
performed at a strategic level — this means the following:
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Technical — technologies have been assessed for feasibility and applicability,
although no final design has been offered,

¢ Environmental — landscapes have been assessed for their capacity to absorb high
voltage underground cable connections, and a route search corridor has been
identified, but no final route has been selected, and

e Costs — estimates have been derived from supplier budget estimates, from
previous known contract values, and price movement indices have been
employed where appropriate, but firm costs from suppliers (which are costly to
produce) have not been used. Therefore, whilst the greatest care has been taken
in assembling these figures, an uncertainty range of some +/- 20% should be
borne in mind when considering the results.

This report does not comprise a recommendation that any part of the route should be
undergrounded. Equally it is not intended that a particular undergrounding route
should be implied by this report. Rather, the report uses a set of environmentally
based routeing principles to identify at least one corridor within which the use of UGC
could be technically and environmentally feasible as an alternative to the proposed
OHL.

Methods
The team comprised the following:

e High voltage cable specialist

e High voltage transmission specialist

e Landscape architect

¢ Civil engineering specialist with local knowledge

All members of the team surveyed the route in respect of their own specialist areas,
normally working in small groups to facilitate understanding of the interactions in this
complex project.

Unit costings were requested from cable and equipment suppliers. Where gaps in
this information occurred estimates were derived from PB Power’'s own costing data.

Key findings

The following key findings have emerged from the comparison of the proposed OHL
Project with the undergrounding alternatives. They are based on the research carried
out during this study, and they use the assumptions set out in the detail of this report.

Overhead Lines
The transmission of electrical energy worldwide is primarily based on high voltage
alternating current (HVAC) overhead line technology.
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Over 98% of the onshore extra high voltage electricity transmission network in Europe
(European Union, Norway and Switzerland) is of HVAC overhead line construction,
with the balance being underground or undersea cable. Underground cable is mainly
applied in urban or environmentally sensitive areas.

HVAC overhead line transmission is most common, primarily because it represents
the lowest cost technically feasible approach to establishing and maintaining a secure
electrical power grid. Global transmission development activity suggests that this
preference by utilities for the use of overhead line is likely to persist into the future.
OHL construction duration would be 2 to 3 years once land access negotiations were
completed.

Underground Cables
Regarding underground options, a number of countries have been actively
considering the use of UGC in their transmission systems. To date, however, the rate
at which transmission networks are being undergrounded is very low.

Since the longest XLPE transmission cable circuit installed to date runs for some
40 km, and most are less than 20 km long, a 140 km installation would comprise a
“world first”. Minimum construction duration would be 3 to 4 years.

That said, a continuous and technically feasible strategic UGC route search corridor
that satisfies the routeing criteria has been identified here for this Project.

Construction Schedules
Technically and organisationally, an OHL solution could be delivered quicker (2 to 3
years) than an UGC solution (3 to 4 years). Land owner access consent, which is
likely to be an issue for either approach, is beyond the scope of this report.

System security
System security all over Europe relies upon the relatively high availabilities provided
by OHL networks. Whilst underground cables suffer less weather-related faults than
overhead lines, extended cable repair times have caused their availability to be lower.

Even a double circuit UGC performance may not match that of a single circuit OHL
over the long term. The introduction of significant quantities of UGC in strategic
transmission routes may thus compromise system security to the extent that
additional circuits may need to be built.

Energy losses
Reactive compensation for underground cables and charging current would cause the
losses of a 2-core per phase 1200mm? aluminium cable to be higher than for the
proposed overhead line for average circuit transfers below about 900 MVA. For
average circuit transfers above this, UGC losses would be lower than those of the
OHL losses. Adoption of a somewhat more expensive 1600mm? aluminium UGC
design would lower this cross-over point to around 840 MVA.
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To satisfy the system planning ‘N-1 criterion’ the peak load on the proposed 400kV
interconnector, under normal operating conditions, should not exceed 750MVA (50%
of its capacity). Based on this an average power transfer of 500MVA is considered
appropriate for calculating the expected operating losses. At this level of power
transfer the operating losses for the OHL option would be significantly lower than
those of the UGC option.

Environmental impact and EMFs
Overhead line installations have the potential to impact visual amenity in certain
environments, though this may be somewhat mitigated by careful routeing. Their
effects on other aspects of the environment are more limited since, apart from the
sites of tower foundations, they fly over most natural heritage (flora and fauna) and
cultural heritage (archaeological) features.

Underground cable installations have the potential to impact natural heritage and
cultural heritage, particularly archaeological features. This impact would be best
mitigated through a combination of careful route selection and a comprehensive
programme of land and facility reinstatement following the construction works,
avoiding altogether designated areas if possible.

Electric fields from the proposed overhead line, and magnetic fields from both the
proposed overhead line and the underground cable alternatives, would all be lower
than European and Irish adopted ICNIRP Basic Restriction guideline limits.

HVDC
HVDC transmission does not naturally integrate with HVAC systems, and does not
impart to the network the natural resilience of HVAC connections. HVDC is inherently
more complex than HVAC in all respects: design, construction, testing, maintenance,
and operation.

An HVDC link would provide no advantage to the system operator in this particular
application, and its terminal stations would require more planned outages than their
HVAC equivalents. For these technical reasons HVDC is not recommended over the
proposed overhead line connection. .

Construction and lifetime costs
It is estimated that the overall construction cost of HYAC overhead line for the whole
Co. Meath — Co. Cavan — Co, Tyrone route (including interest during construction)
would be €81M. In comparison, it is estimated that the overall construction cost of
HVAC UGC for the whole route would be €588M. This represents an additional cost
to complete the Project with UGC of €570, or more than seven times the OHL
estimate.

It is estimated that the 40 year lifetime running costs of HVAC OHL over the whole
Co. Meath — Co. Cavan — Co. Tyrone route would be €44M. In comparison, it is
estimated that the lifetime running costs of HVAC UGC over the whole route would be
€73M. This represents an additional lifetime running cost for the Project with UGC of
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€29M, or a little over one and a half times that for OHL (average transfer of 500MVA
assumed).

Similarly, for HVDC with underground cable connections, it is estimated that the
overall construction cost of HVDC links between Co. Meath and Co. Cavan, and
between Co. Cavan and Co. Tyrone (including interest during construction), would be
€672M. This represents an additional cost to complete the Project with HVDC of
€591M, or more than eight times the OHL estimate.

Again, it is estimated that the 40 year lifetime running costs of these HVDC links
between Co. Meath and Co. Cavan and between Co. Cavan and Co. Tyrone would
be €104M. This represents an additional lifetime running cost for the Project with
HVDC of €60M, or more than twice that for OHL (average transfer of 500MVA
assumed).

Estimated present value end-of-life replacement costs for HYAC OHL, HVAC UGC
and HVDC UGC are €5M, €34M and €39M respectively. The following whole route
summary table presents these estimates with the construction and running cost
estimates. The equivalent estimates for each section of the route are to be found in
Section 8 and the Appendices of this report.
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Whole Route
AC OHL and AC UGC AC OHL and DC UGC
Construction Costs + IDC Construction Costs + IDC
€M £M €M £M
HVAC OHL 81 65 HVAC OHL 81 65
HVAC UGC 588 470 HVDC UGC 672 537
Difference 507 405 Difference 591 472
Difference (times) 7.3 Difference (times) 8.3
Lifetime Running Costs Lifetime Running Costs
€M £M €M £M
HVAC OHL 44 35 HVAC OHL 44 35
HVAC UGC 73 58 HVDC UGC 104 83
Difference 29 23 Difference 60 48
Difference (times) 1.7 Difference (times) 24
40-year Replacement Cost 40-year Replacement Cost
€M £M €M £M
HVAC OHL 5 4 HVAC OHL 5 4
HVAC UGC 34 27 HVDC UGC 39 31
Difference 30 24 Difference 34 27
Difference (times) 7.3 Difference (times) 8.3
Overall Whole-of-Life Costs Overall Whole-of-Life Costs
€M £M €M £M
HVAC OHL 129 103 HVAC OHL 129 103
HVAC UGC 695 556 HVDC UGC 814 651
Difference 565 452 Difference 685 548
Difference (times) 5.4 Difference (times) 6.3

Note: totals subject to rounding error
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Acronyms

AAAC
AC, ac
ACSR
AlIP
CER
CIGRE
DC, dc
DCF
EHV
EMF

ESBI

EURO
HVAC
HVDC
Hz
ICNIRP
IDC
IRRC
km

kV
kV/im
kVdc
LCC

MSC

MVA

all aluminium alloy conductor

alternating current

aluminium conductor steel reinforced

All Island Project

Commission for Electricity Regulation

The International Council on Large Electric Systems
direct current

discounted cash flow

extra high voltage

electromagnetic fields (particularly 50hz in this context)

ESB International (ESBI), consulting subsidiary of the Irish Electricity

Supply Board (ESB).

European Union

high voltage alternating current

high voltage direct current

hertz — cycles per second, a measure of frequency
International Commission of Non-lonising Radiation Protection
interest during construction

intermediate reactive compensation compound
kilometre

kilovolts, thousands of volts

kilovolts per metre — electric field strength
thousands of volts, direct current

line commutated converter

metres

mechanically switched capacitor

megavolt-amp — 1,000,000 volt-amps, a HVAC transmission
equipment rating
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MW
MWhr
NI

pa
PIR
POW
rms
Rol
svC
SWCT
TOV
VSC
WACC
WHO

XLPE

megawatt — 1,000 kilowatts, a measure of power

megawatt hour — 1,000 kilowatt hours, a measure of energy

Northern Ireland

per annum

pre-insertion resistors
point-on-wave (switching)

root mean square - a type of average
Republic of Ireland

static Var compensator

South Western Connecticut
temporary overvoltage

voltage source converter
weighted average cost of capital
World Health Organisation

cross-linked polyethylene
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34.

35.

36.

37.

38.

INTRODUCTION / PROJECT OVERVIEW

NIE and EirGrid have proposed two new 400kV alternating current (AC) 1500MVA
single circuit overhead transmission lines (OHL) and associated substations (the
“Project”). The proposals include firstly an interconnector between their two
transmission systems that would run from the vicinity of Turleenan in Co. Tyrone to
the vicinity of Kingscourt in Co. Cavan, and secondly an EirGrid transmission
reinforcement that would run from the vicinity of Kingscourt to the already established
Woodland 400kV Substation in Co. Meath. Whilst Woodland 400kV Substation is
already established, the substations near Turleenan and Kingscourt would be new.

As part of the required consultation and consents processes for such a development
in both Northern Ireland and the Republic of Ireland, applicants need to consider
carefully other possible technical solutions to establish whether any reasonable
alternatives exist.

In 2008 the Applicants issued a brief entitled Island of Ireland — Cavan — Tyrone and
Meath — Cavan 400kV Projects — Preliminary Briefing Note — Overhead and
Underground Energy Transmission Options, February 2008. This high-level brief
outlined the proposed Project, raised some of the technical and environmental
considerations, mentioned alternative technologies, and made some early predictions
about costs. This present document reports on the detailed assessments that have
since been made to add detail that early outline and to update the cost estimates
made there.

In the course of these assessments two possible technical alternatives to the
proposal to build a new High Voltage Alternating Current (HVAC) overhead
transmission line emerged. These would be:

e HVAC underground cable (UGC), or
¢ High Voltage Direct Current (HVDC) UGC.

This report seeks to establish the feasibility of these underground alternatives by
making technical, environmental and cost comparisons between the proposed OHL
Project and these two alternative technologies.

The comparisons have covered three main areas: technical feasibility, environmental
impact, and cost differences. They have all been performed at a strategic level — this
means the following:

e Technical — technologies have been assessed for feasibility and applicability,
although no final design has been offered,

¢ Environmental — landscapes have been assessed for their capacity to absorb high
voltage underground cable connections, and a route search corridor has been
identified, but no final route has been selected, and
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44,
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45.

e Costs — estimates have been derived from supplier budget estimates, from
previous known contract values, and price movement indices have been
employed where appropriate, but firm costs from suppliers (which are costly to
produce) have not been used. Therefore, whilst the greatest care has been taken
in assembling these figures, an uncertainty range of some +/- 20% should be
borne in mind when considering the results.

This report does not comprise a recommendation that any part of the route should be
undergrounded. Equally it is not intended that a particular undergrounding route
should be implied by this report. Rather, the work reported here applies a set of
routeing principles to identify at least one corridor within which the use of UGC could
be technically and environmentally feasible as an alternative to OHL.

Description of the Proposed Developments

The proposed new development, comprising two circuits together, would:

e improve the security of electricity transmission grid across the island of
Ireland,

e improve the capacity for international energy trading, enhancing the downward
pressure on energy costs both north and south of the border, and

e accommodate a greater quantity of renewable generation, particularly wind
generation, on the island of Ireland.

The southern circuit between Co. Meath and Co. Cavan, in addition to supporting the
above functions, would also reinforce power supplies to the growing electricity
demand in the north east region of the Republic of Ireland.

The power system planners of EirGrid and NIE have chosen a single operating
voltage for the Project, thus avoiding unnecessary transformation costs at the border.

The two parts of the Project are outlined below.

Circuit I. Co. Cavan-Co. Tyrone

The existing electrical grid connections between Northern Ireland and the Republic of
Ireland are to be reinforced by the addition of an interconnector between Co. Cavan
and Co. Tyrone. This new 400kV, 1500MVA single circuit cross-border link would run
about 80 km from a new 400/220kV substation in the vicinity of Kingscourt in
Co. Cavan north to a new 400/275kV substation at Turleenan in Co. Armagh. It
would supplement the existing double circuit 275kV connection near the eastern
coast of the island of Ireland as well as the two existing 110kV single circuit
interconnectors to the west. Figure 1-1 shows the proposal in geographic and single
line diagram formats.

Circuit II: Co. Meath-Co. Cavan

It is proposed that the existing transmission network in the north-eastern part of
Ireland be reinforced with a new 400kV 1500MVA single circuit connection running
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some 60 km from the existing substation at Woodland north to the proposed new
400/220kV substation near Kingscourt. This is shown in geographic and single line
diagram form in Figure 1-1.

Figure 1-1 — Schematic Representation of Proposed Developments

500MVA

Turleenan

~80 km

Kingscourt

(Co. Cavan) e L
Woodland

Boundary

(Co. Meath) Kings-

Woodland — " 400kV

(a) Geographic Representation (b) Single Line Diagram

The existing 220kV Flagford-Louth circuit would be turned into the new substation
near Kingscourt. At Turleenan the existing Tandragee-Tamnamore and Tandragee-
Magherafelt 275kV OHL circuits would be turned into the new substation.

Purpose of the present document

This report considers the use of alternative technologies for the combined
interconnector and transmission reinforcement development. It makes two sets of
comparisons:

¢ high voltage UGC as an alternative to the currently proposed high voltage
overhead line, and

¢ high voltage direct current (HVDC) as an alternative to the currently proposed
400KV high voltage alternating current (HVAC) technology.

In each case it aims to identify issues of technical feasibility, indicate environmental
considerations that may follow from each (an in-depth environmental impact
assessment is beyond the scope of this document), and estimate costs that would be
associated with the alternatives under consideration.
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Many different combinations of the technology are theoretically possible, but most of
these would not be efficient or practicable from an operational point of view. This
document thus concentrates upon alternatives to the overhead lines proposed by NIE
and EirGrid.

Regarding costs, the estimates included in this document are, wherever possible,
based upon current supplier estimates and known costs for previous actual projects
indexed to present day values.

That said, these estimates are necessarily subject to the changes in the prices
prevailing in international markets. The world energy market has seen a run of high
prices (compared to historic levels) recently, as well as significant rises in the prices
of commodities, particularly metals. Worries about domestic price rises, reflecting the
global situation, has led to a sustained increase in central bank lending rates whilst
tightness in money markets has led to an increasing difference between central bank
rates and commercial lending rates, causing a rise in project financing costs.

There is presently much debate about the levels of price rises due to speculative
influences compared to the longer term underlying trends in prices being driven by
higher levels of demand, especially from Asian countries. Thus, whilst the estimates
in this document are “best present estimates”, there is an inherent uncertainty in them
that is being driven by uncertainty of global price trends. For this reason the cost
estimates should be treated with care; as future estimates and any final prices could
be higher or lower depending on international trends.

Although the technologies employed are different, there are similarities in the raw
materials used in each option presented here. For this reason, although the budget
estimates contain uncertainty, we would expect this uncertainty to be lower when a
comparison is made between the options. Therefore, we believe, that this document
does offer a fair basis for comparison of technology alternatives, even given the
global volatility in prices and price expectations.

Whilst this document does not consider the benefits of the proposed Project, but only
the costs, it should also be noted that the full benefits of the proposal would be
obtained only if the whole Project — both circuits — were to proceed together and if the
technical issues were considered as a cohesive whole.

Structure of document

The report is structured as follows:
e Section 1 comprises this brief introduction to the Project,

e Section 2 provides an overview of HVAC transmission connections (benefits
and limitations),

e Section 3 provides an overview of HVAC underground connections (benefits
and limitations),

7.PB Final Report FEB 2009.doc



PB Power

Page 5

Section 4 presents system considerations that require to be taken into account
in the application of HVAC schemes, including benefits and compromises
forced upon the system,

Section 5 provides an overview of HYDC connections,

Section 6 presents system considerations for HYDC

Section 7 presents an appraisal of the terrain through which the connection
would be made, including cost considerations,

Section 8 provides cost comparisons, and

Section 9 brings all the conclusions together.

Appendix 1 contains some unit cost factors,

Appendices 2 to 5 present cost estimate information specific to the various
sections of the Project route, and for the route as a whole,

Appendix 6 offers additional detail on the practical implications of choosing to
install an extra high voltage (EHV) underground cable circuit,

Appendix 7 contains details of the scope of the civil works that would be
required to prepare the ground for the installation of EHV underground cable,
and

Appendix 8 contains the maps of the cable route search corridor discussed in
Section 7 of the report. This Appendix also contains drawings of some of the
extra equipment that would be required along the route if HVDC or
underground cable were chosen.

57. A list of acronyms used within this report is provided on Page vii, immediately before
the start of this main report.

1.4 Assumptions on the alternatives compared

58. Table 1.1 shows the comparisons that are made in this document.
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Table 1-1 - Options considered for 140 km 1500MVA connection with 3
substations

AC/DC Method of Technology
connection
400KV single circuit | Steel lattice towers with ACSR'

HVAC: OHL conductor set
3 substations 400kV single circuit, | Cross linked polyethylene (XLPE)
connected at 400kV UGC, two cores per |cables

phase!?

HVDC: OHL Line commutated converter (LCC)?
2 links (4 converters) Voltage Source Converter (VSC)?
with intervening LCC
400kV AC connection uGe VSC

# There is further explanation about these alternative HVDC technologies in Section 5 of this
report.

It is assumed that this 400kV, 1500MVA, single circuit HYAC overhead line scheme
would be implemented using twin phase conductors, either all aluminium construction
(AAAC) 700mm? (“Araucaria”’) or aluminium conductor steel reinforced (ACSR)
630mm?. (“Curlew”).

Similarly, it is assumed that an HVAC UGC scheme would most likely be
implemented using 400kV XLPE cable, either one or two cores per phase.

Conclusions

NIE and EirGrid have proposed a 400kV AC 1500MVA interconnector between
Co. Tyrone and Co. Cavan, and an EirGrid transmission reinforcement of the same
rating between Co. Cavan and Co. Meath.

Part of the formal Application and consents processes for both Northern Ireland and
the Republic of Ireland requires that the Applicants consider carefully the alternatives
to the proposed Project. In 2008 the Applicants issued a brief raising some of the
technical, environmental and cost considerations for the Project, and this present
document reports on the detailed assessments that have since been made on those
subjects.

This report considers the potential for HVAC UGC and HVDC UGC as alternatives to
the proposed OHL.

T ACSR = Aluminium conductor, steel reinforced, a commonly used overhead line conductor type. The three
phase connections for the overhead line would each consist of a pair of ACSR conductors.

2 Section 195 discusses the benefits of electrical separation of the UGC cores in order to obtain the operational
benefits of two circuits.
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69.

OVERVIEW OF HVAC TRANSMISSION AND OVERHEAD LINES

Introduction

Originally electricity generation was with direct current, which could not easily be
increased in voltage for long-distance transmission. Different classes of loads, for
example, lighting, fixed motors, and traction (railway) systems, all required different
voltages and so used different generators and different supply circuits.

This transmission of electric power at the same voltage as its generation and
consumption placed a technical restriction on the distance between generating plant
and consumers; long distance transmission either required conductor cross-sections
that were unacceptably large and expensive, or the energy losses in the conductors
were too great to deliver the required power.

However, this all changed with the advent of AC generation. Transformers provide an
easy method of converting from one AC voltage to another, and this allows
generators and consumers to operate at their preferred (lower) voltages whilst still
providing energy transmission at the efficient (higher) voltages. As a result, remote
and low-cost sources of energy, such as hydroelectric power or mine-mouth coal,
could be exploited thus lowering energy production cost. Further, by allowing multiple
generating plants to be interconnected over a wide area, electricity production cost
was reduced as the most efficient available plants could be used to supply the varying
loads during the day. Reliability was thus improved and capital investment costs
were reduced, since stand-by generating capacity could be shared over many more
customers and a wider geographic area.

The role of transmission networks today is to provide this efficient connecting network
between multiple generators and diverse consumers.

400kV AC OHL technology

A transmission system OHL comprises a conductor system suspended from towers or
poles. The towers are made of wood (as-grown, or laminated), steel (either lattice
structures or tubular poles), concrete, aluminium, and occasionally reinforced plastics.
Insulators may be made from porcelain or glass, though increasingly polymeric
insulators offering advantages of lower weight and higher strength may now be found.
The bare wire conductors are generally made of aluminium (either aluminium alloy or
aluminium reinforced with steel or sometimes composite materials).

Figure 2-1 shows two typical steel lattice structures. At 400kV a minimum of two
(twin) “sub-conductors” per phase are used to control the level of corona discharge®.
One HVAC transmission circuit requires three phases — see (b) — whilst two circuits
require 6 phases — see (a).

® Corona is the phenomenon of tiny electric sparks discharging from the conductors into the atmosphere.
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Figure 2-1 — Typical 400kV AC overhead line tower constructions
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(a) Double Circuit (b) Single Circuit
70. Figure 2-1 (a) depicts a double circuit tower type used in Ireland. This is typically

57m high, 9m square at ground level, and 19.5m wide at the tips of the widest arms.
Though not shown in this drawing, an earth wire would normally be supported at the
peak of the tower.

71. Figure 2-1 (b) depicts a single circuit tower of the type proposed for this Project. It is
known colloquially as the IVI design to reflect the positions of the insulator strings
supporting the three twin-conductor phases. Heights and base widths of this tower
design vary depending upon terrain, but dimensions are, on average, 32m high, 7.6m
square at ground level, and 19m wide between the tips of the arms. Though not
shown in this drawing, earth wires would normally be supported by the highest parts
of the tower, one each side of the centre-line at the tips of the “ears”.

72. The transmission of electrical energy worldwide is primarily based on high voltage
alternating current (HVAC) overhead line technology. Over 98% of the onshore extra
high voltage® electricity transmission network in Europe (European Union, Norway
and Switzerland) is of HVAC overhead line construction, with the balance being
underground cable. This latter is mainly applied in urban or environmentally sensitive
areas. HVAC overhead line transmission is most common, primarily because it
represents the lowest cost technically feasible approach to establishing and
maintaining a secure electrical power grid. Table 2-1 shows the national figures.

* Transmission systems operating at or above 230kV are considered to be “extra high voltage” (EHV).
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Amounts in km®?!

Land Cable as Percent of
Total Network (%)

380-400kV 220-300kV
Country Land Cables | Sea Cables Lines Land Cables | Sea Cables Lines 380-400kV 220-300kV
Austria 56 0 2474 5 0 3765 2.2 0.1
Belgium 0 0 1325 0 0 400 0.0 0.0
Denmark 52 16 833 0 152 39 5.8 0.0
Finland 34 99 4000 0 2400 0.8 0.0
France 2 0 21007 903 0 25416 0.01 3.4
Germany 65 423 18200 45 0 26790 0.3 0.2
Greece 160 0 4156 232 0 11050 3.7 2.1
Republic of Ireland 0 0 438 106 0 1723 0.0 5.8
NIE 0 0 0 3 55 400 0.0 0.7
ltaly 34 316 10651 197 0 10942 0.3 1.8
Luxembourg 0 0 0 6 0 236 0.0 2.5
Netherlands 7 0 2052 6 0 683 0.3 0.9
Norway 36 0 2144 0 64 5257 1.7 0.0
Portugal 0 0 1501 19 0 2854 0.0 0.7
Spain 80 15 18806 479 0 18757 0.4 2.5
Sweden 4 319 10620 0 87 4417 0.0 0.0
Switzerland 0 0 1780 20 0 4956 0.0 0.4
UK 166 327 11122 496 150 6321 1.4 7.1
Total 696 1,515 111,109 2,514 453 126,006 0.6 1.9

® These km lengths have been taken from "Statistics of AC Underground Cables in Power Networks”, Cigré December 2007, UCTE Statistical Yearbook 2006, and
“Undergrounding of Electricity Lines in Europe”, Commission of the European Communities, December 2003. EirGrid and NIE have provided figures for their own table entries.
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In May 2008, ESBI carried out a survey of CIGRE member countries to determine
whether OHL continues to be constructed. A summary of the data from the 21
countries who replied to the survey questionnaire is given in Table 2-2.

Table 2-2 — World activity on new 380-500kV OHL since 2000

Activity since the year 2000 (route km) Within the EC | Outside the EC

Constructed/commissioned 1990 km 5450 km
Currently in planning/consent process 2470 km 12,670 km
Currently under construction 450 km 2470 km

The extent of the 380-500kV HVAC OHL activity detailed in Table 2-2 can be
compared with the cumulative length (207km) of significant 345-500kV HVAC XLPE
UGC project examples (Table 3-1) that have been installed in the past decade.
Although the data in these two tables are by no means a comprehensive picture of
worldwide activity, they provide some indication of current expectations in Europe and
elsewhere, of the balance being struck between overhead and underground
transmission.

Aspects of OHL construction

The next chapter goes into detail about HVAC underground cables. For context and
comparison, therefore, some information about HYAC OHL is provided here.

Route survey and selection of tower positions would be performed in close
cooperation with land owners and other locally affected parties, as
appropriate. Routes of construction access tracks from roadway to tower
positions would also be agreed at this time.

Towers, and thus concrete foundations, would be required on average about
every 360m along the route. Foundations would be prepared, constructed,
and allowed to cure with steel “stubs” protruding above ground level.

Steel corner legs and bracings w